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Objective: Estimation of premorbid function is essential to accurate identification of cognitive
impairments. We explored how lexical tasks can be used to estimate various cognitive
functions. Method: Adults with cognitive impairment due to neurological illness (n = 15) and
a nonclinical sample of adults (n = 143) completed tests of word pronunciation, lexical
decision, and stem-completion naming. In three studies lexical-task performance associations
with intelligence Wechsler Adult Intelligence Scale 4th edition (WAIS-IV), episodic memory,
executive functioning, and theory of mind were explored. Results: At the group level, word
pronunciation was robust in the presence of cognitive impairment. However, as a case series,
patients showed idiosyncratic patterns of preservation of lexical skills. All of the lexical tasks
were highly correlated with intelligence quotient (IQ) scores in the nonclinical sample,
suggesting that they may function well as estimators of premorbid intelligence. Simulated
impairments in nonclinical adults revealed that the median score from the three different tasks
had the highest correlation with, and provided the most accurate and precise estimates of,
measured IQ, and was also the least sensitive to impairment. We also show that these methods
predict executive functions, in particular, proverb interpretation, phonemic/semantic alternat-
ing verbal fluency, and working memory span performance. Conclusions: Several lexical
tasks are potentially useful in predication of preillness cognitive ability. However, due to
the heterogeneity of impairments between patients, estimation of premorbid levels could be
improved by the use of average estimated values from multiple tests. This could potentially
improve diagnostic accuracy and quantification of neuropsychological impairments.

Public Significance Statement

of a patient’s preillness ability.

Understanding a patient’s cognitive impairments following brain illness is better if
their abilities before the illness can be estimated. Reading that requires preexisting
knowledge of the words, such as how to pronounce them, can be used for this purpose.
Word pronunciation, particularly when combined with other tests of word knowledge,
appears to be not much affected by cognitive impairment and gives a good indication
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Accurate estimation of premorbid cognitive
ability is very important in clinical practice and
research in clinical neurosciences, particularly
neuropsychology. The comparison of premorbid
estimations of function to observed levels in the
pathological state allows clinicians to evaluate the
extent of impairment at the individual level,
allowing personalized quantification and defini-
tion of impairments. Several methods of premor-
bid estimation of cognitive function already exist,
however, any advances or improvements in the
use of existing tools would have widespread
benefits.

There is substantial variation in human cogni-
tive abilities, to the extent that between indivi-
duals, levels of cognitive performance in
pathological states frequently overlap with per-
formance in health. Clearly, personalized estima-
tion of premorbid level is better than comparison
to the estimated national norm for healthy people.
Such methods also have widespread uses in
clinical neuroscience research. The most com-
mon application is to match control and patient
groups for premorbid level, such that any differ-
ences in current performance can be inferred to
have been caused by the illness. However, they
can also be used to address other research issues
such as “which came first” questions, for exam-
ple, cognitive profiles associated in people with
substance abuse histories (e.g., Pluck et al.,
2012). A further application is to measure cogni-
tive reserve, an important predictor of dementia
prognosis (Sobral et al., 2015).

Methods of premorbid estimation that have
been employed include the clinical opinion of
premorbid level, or more formally calculated
estimations based on demographics (Apolinario
et al., 2013; Crawford et al., 2001) or the use of
tests from common cognitive batteries that tend to
“hold” (de Oliveira et al., 2014), or the best per-
formance across multiple subtests (Vanderploeg
et al., 1996). However, these have all tended to
provide estimates that suffer from biases, either
underestimating or overestimating performance in
patients with known cognitive impairments, such
as in dementia.

Probably the most successful attempts to esti-
mate cognitive performance have been with the
use of lexical tasks. Vocabulary is highly associ-
ated with other cognitive functions, in fact, the
Vocabulary assessment in Wechsler intelligence
tests is the best single measure of general intelli-
gence, known as the g factor (Jensen, 2001).
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In addition, a task of pronouncing low-frequency
irregularly spelled words, the National Adult
Reading Test (NART; Nelson & Willison,
1991), has an equivalently high load on the
g factor (Crawford et al., 1989). Accordingly,
word-pronunciation tasks have consistently been
found to correlate very highly with standardized
intelligence tests (Del Ser et al., 1997; Gil et al.,
2019; Matsuoka et al., 2006; Nelson & Willison,
1991; Wechsler, 2001).

Neuropsychological models of word pronunci-
ation distinguish multiple routes from the visually
presented word-to-speech output, not all of
which access the mental lexicon (Pluck, 2018).
Forcing people to read through a lexical route
allows an estimation of the lexicon size, and it
is this aspect that seems to correlate so highly
with intelligence. Cognitive tests that require
access to the mental lexicon include confrontation
naming, lexical decision tasks, and single-word
pronunciation tasks (for material that cannot be
accurately decoded by grapheme—phoneme con-
version rules). In English, the latter method is
usually achieved with the pronunciation of irregu-
larly spelled words (Nelson & Willison, 1991;
Wechsler, 2001, 2011). However, the principle
works well in languages which lack that feature.
In languages that have few irregularly pronounced
words, such as Spanish or Portuguese, lexically
driven pronunciation can be forced by using
words that require a particular stress, but for which
the stress pattern information (i.e., the accent
marks) has been removed (e.g., Del Ser et al.,
1997; Gil et al., 2019). Or by using loan words,
which do have irregular pronunciation, such as in
the Swedish version of the NART (Rolstad et al.,
2008). Compound kanji, for which the pronuncia-
tion specific to each kanji combination must be
known for successful pronunciation, is used in
Japanese (Matsuoka et al., 2006). Thus, lexical
single-word reading is widely used to estimate
intelligence test scores around the world. In theory,
as lexical reading is highly associated with the
g factor, it could be possible to predict scores on
tests other than intelligence. In particular, execu-
tive control is highly related to intelligence, and it
has even been said that the latent variable of
executive function is identical to the g factor
(Royall & Palmer, 2014). Nevertheless, this aspect
of premorbid estimation of cognitive function has
rarely been explored.

To function as premorbid estimators, tests must
also be robust in the presence of impaired states of
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brain function, that is, they tend to “hold.” In fact,
single-word pronunciation tasks achieve this sec-
ond criterion well, for example, being little affected
by traumatic brain injury (Green et al., 2008). And
despite losses to language skills in dementias such
as Alzheimer’s disease (AD; Martinez-Nicolas
et al., 2019), pronunciation information seems to
be preserved (Del Ser et al., 1997; Pluck et al.,
2017; Rolstad et al., 2008). This may be because
although the pronunciation of irregular words is
predicated on the word having existed in the
declarative mental lexicon, the actual articulation
of irregular words seems to be inherently proce-
dural. Commonly used single-word pronunciation
tests of premorbid intelligence quotient (IQ)
include the Wechsler Test of Adult Reading
(WTAR; Wechsler, 2001), Test of Premorbid
Functioning (TOPF; Wechsler, 2011), and
NART (Nelson & Willison, 1991) in English,
and the Word Accentuation Test (WAT; Del Ser
et al.,, 1997) in Spanish.

Considering their importance in clinical neu-
rosciences, they are very simple tests, taking only
3 or 4 min to administer. Furthermore, there are
some fallibilities to single-word pronunciation
tasks. Pronunciation does not fully hold: There is
some drop in performance associated with de-
mentias, such as AD (Stottet al., 2017), and with
traumatic brain injury (Morris et al., 2005). Fur-
thermore, the extent to which different neurode-
generative disorders affect word pronunciation
seems to vary, with Korsakoff’s syndrome ap-
pearing to be one of the most sensitive to
impairment (Heirene et al., 2018). As a specific
cognitive skill, reading words aloud is also sen-
sitive to focal neural insults that impair those
functions. Finally, single-word pronunciation is
limited in that it cannot be used in patients with
speech disorders, such as dysarthria, which af-
fects about 42% of all stroke patients (Lawrence
et al., 2001).

There have been various attempts to improve
on the single-word pronunciation tasks. One
approach is to minimize the effects of neurologi-
cal illness on performance. Although language is
clearly affected in dementia, such as that associ-
ated with AD (Martinez-Nicolds et al., 2019), at
least in the earlier stages, language problems may
be due to retrieval difficulties, rather than damage
to the semantic system (Balthazar et al., 2008;
Nebeset al., 1984). As retrieval of single words is
known to be enhanced by semantic activation of
neighboring words (Boot & Pecher, 2008), it

should be possible to provide additional activa-
tion to the underlying representations of the
stimuli words, providing they are already in
the lexicon. This could potentially minimize
reading errors caused by neurological illness.
This has been attempted in the Cambridge Con-
textual Reading Test (Beardsall & Huppert,
1994), which used the words from the NART
in sentences. This does indeed produce better
performance in patients with AD suggesting that
it may be a better measure of premorbid ability
than single-word pronunciation (Conway &
O’Carroll, 1997). On the same theme of maxi-
mizing patient performance, several studies have
shown that patients with dementia can show
unimpaired levels of word recall when they are
tested with stem completion rather than having to
recall the whole word (Arroyo-Anlld et al.,
2013). Furthermore, this effect is not limited to
memory tests, even mild-stage AD patients show
unimpaired performance on the Boston Naming
Test if they are given semantic and phonemic
cues (Balthazar et al., 2008). Thus, stem com-
pletion with cues could potentially be used as a
hold test. To our knowledge, this has not been
previously explored.

Another option is to use lexical decision
instead of word pronunciation, such as asking
participants to select the real word from a set in
which only one is real. As this still measures the
mental lexicon, it could be resistant to neurologi-
cal illness even if there is semantic knowledge
loss, as recognition of the word form is all that is
needed, not recall of the meaning. It also allows
for the testing of patients with speech disorders.
Several tests of this nature have been developed,
such as the English-language Spot-the-Word Test
(Baddeley et al., 1992) and the Spanish Lexical
Decision Task (Pluck, 2020).

Two studies have directly compared the
NART (single-word pronunciation), Cambridge
Contextual Reading Test (pronunciation in
sentences) and the Spot-the-Word Test (lexical
decision) and how well they hold in the presence
of dementia. One reported that the Spot-the-Word
Test was significantly worse in a group of patients
with mild to moderate dementia (no differential
diagnoses supplied) compared to controls, but
that both of the pronunciation tasks were per-
formed normally (Beardsall & Huppert, 1997).
However, a later study using similar methods
reported the opposite, that both pronunciation
tasks appeared to be affected by severity of
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cognitive impairment in AD, but the lexical deci-
sion task was not (McFarlane et al., 2006). It
seems likely that variation in cognitive symptoms
between the two study samples is responsible for
the discrepancy.

In the current research, we explored these
methods as potential premorbid measures of cog-
nitive function: single-word pronunciation, pro-
nunciation in sentences, and lexical decision.
However, we also investigated the potential of
stem-completion naming as a premorbid mea-
sure. Given the equivocal findings on the preser-
vation of function in the presence of cognitive
impairment, we also explored whether variation
in how well the different tests hold may vary
between patients with cognitive impairments, and
if so, whether this could be exploited to improve
the accuracy and precision of estimates of pre-
morbid functioning. Finally, we performed an
exploratory study into how well cognitive test
scores other than IQ can be predicted, focusing on
tests of executive functions.

Study 1: Resistance to Cognitive Impairment
of Lexical Tasks

Method
Design and Participants

The aim of this study was to examine the effects
of cognitive impairments caused by neurological
illness on different cognitive tests. In particular,
which lexical tests are least and most affected by
cognitive impairment associated with neurologi-
cal illness. This used standard patient-control
group comparisons. In addition, we aimed to
examine performance on a case-by-case basis
in the neurological patients to assess how differ-
ent potential hold tests are preserved in the pres-
ence of cognitive impairment.

To this end we studied 15 patients with cognitive
impairment, six males, M,,. = 81.47 (SD =
5.72, range = 77-88), and 12 healthy control
participants, four males, M, = 82.58 (SD =
6.57, range = 70-93). The years of completed
formal education was equivalent between groups,
patient M = 12.71 (SD = 3.54), control M =
13.17 (SD = 3.16). The cognitive impairment
group had a mean Mini-Mental State Examination;
MMSE score of 19.13 (SD = 4.75) and the elderly
control group had a mean of 26.83 (SD = 1.90), a
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significant  difference,
.001, D = 5.06.

Fourteen of the cognitive impairment group
were recruited and tested at a private center
providing day care for people with dementia,
located in Quito, Ecuador. Formal diagnoses
were generally not made by the clinically
involved neurologists or psychiatrists. The clini-
cal neuropsychologist at the day center where the
patients were recruited provided several diagno-
ses. She suggested nine had probable AD, one
had probable vascular dementia (VaD), one had
probable frontotemporal dementia (FTD), and
one had mild cognitive impairment (MCI). As
the diagnoses were not provided by the respon-
sible clinician, we have described these as “prob-
able” diagnoses. Two other patients did not
receive any diagnosis other than “dementia”
which was recorded in their medical notes.
One individual who was recruited as a control
participant revealed a diagnosis of Parkinson’s
disease (PD) during the interview. As even early-
stage PD is associated with cognitive impairment
(Elgh et al., 2009), this participant was analyzed
in the cognitive impairment group. The available
diagnoses are shown in Table 1. The control
group was recruited in the same geographical
area as the day care center and were family
members and acquaintances of the research
team or were living in a residential care home.
In both groups, recruits were from high socio-
economic status backgrounds. The members of
the control group reported no neurological ill-
nesses. All were Spanish speakers.

#(19.180) = 573, p <

Assessments

Potential “Hold” Tests. Four lexical reading
tests were employed as potential estimators of
premorbid function. Three of the tests are meth-
ods that have previously been explored as esti-
mators of premorbid function, and one is a new
task, the Stem Completion Implicit Reading
Test (SCIRT).

Word Accentuation Test. This is the most
widely used Spanish language test used to esti-
mate premorbid cognitive ability (Del Ser et al.,
1997; Sierra Sanjurjo et al., 2015). The WAT
(also known in Spanish as the Test de
Acentuacion de Palabras) involves participants
reading and pronouncing a list of 30 words. It is
equivalent to the English-language NART
(Nelson & Willison, 1991). The WAT is scored
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Table 1

Relative Performance, Compared to the Control
Group, by Individual Cases in the Cognitive
Impairment Group on the Four Different Lexical
Tasks Used in Study 1

WAT-

Patient Diagnosis WAT Sentences SpanLex SCIRT
1 Vab  -1.127 -5965 —-3.269 -3.484
2 AD 408 261 =2.605 -3.920
3 AD -.513 .261 053 —.436
4 AD —-.206 .261 718 —1.742
5 AD 715 —.518 053 —-.871
6 AD —820 -3.630 -3.934 -4.355
7 FTD 715 1.039 718 2178
8 101 2852 -3.269 -3.920
9 AD .408 —-.128 —-1.276 -2.613

10 AD 1.022  -3.241 -1.940 -1.307
11 AD -.820 -1.685 —1.940 —.436
12 408 —.128 053 -2.613
13 MCI 1.636 .650 1382 —.436
14 AD -3.276 -3241 -1276 -1.742
15 PD 1.022 1.039 718 1.742

Note. WAT = Word Accentuation Test; WAT-Sentences =
Word Accentuation Test-Sentences; SpanLex = Spanish
Lexical Decision Task; SCIRT = Stem Completion Implicit
Reading Test; VaD = vascular dementia; AD = Alzheimer’s
disease; FTD = frontotemporal dementia; MCI = mild
cognitive impairment; PD = Parkinson’s disease; Best
performance for each patient, defined as the highest z score
based on the distribution of scores in the control group, is
indicated in bold. For two cases no diagnosis other than
“dementia” was available.

as one point for each word pronounced correctly.
The WAT has been shown to be resistant to
dementia (Del Ser et al., 1997), and to have
good psychometric properties including internal
consistency and retest reliability in the Ecuador-
ian context (Pluck et al., 2017).

Word Accentuation Test-Sentences. This is an
experimental task in which the words from the
WAT are embedded in sentences. Itis equivalent
to the Cambridge Contextual Reading Test
(Beardsall & Huppert, 1994). We produced
one sentence for each target word from the
WAT. These sentences were presented on pages
in a booklet with five sentences on each page.
Scoring was exactly the same as for the WAT,
one point for each target word pronounced correctly.
We have previously reported acceptable internal
consistency and retest reliability for the WAT-
Sentences in an Ecuadorian sample (Pluck, 2018).

Spanish Lexical Decision Task. This involves
participants selecting the single real word
from sets of three words. The other two in each

set are strings of letters that look like legitimate
words but do not exist in the language. It is a
Spanish equivalent to the English-language
Spot-the-Word-Test (Baddeley et al., 1992).
In the full Spanish Lexical Decision Task
(SpanLex), there are 36 word triplets. The test
has good internal consistency and retest reliabil-
ity, established in Ecuador (Pluck, 2020).
We used an abbreviated version with 17 word
triplets which were approximately every odd-
numbered item from the full test. This abbreviated
version was used to reduce the testing load on the
patients with dementia. The controls completed
the full version but only the 17 items from the
abbreviated version are used in between-group
comparisons. The SpanLex is available to
download from http://www.gpluck.co.uk.

Stem Completion Implicit Reading Test. This is
an experimental measure, designed to assess the
contents of the mental lexicon by using a stem-
completion approach, with semantic, visual, and
phonemic cues. Participants are shown a photo-
graph and a sentence in which the final word is
incomplete. Their task is to complete the sen-
tence. For example, a photo of coral, and asked to
complete a sentence such as “The reef fish swim
through the co . .. .” There were 20 of these trials,
all using relatively low-frequency words. Each
trial received one point if a word was produced
that matched the photo and completed the sen-
tence sensibly. We have previously shown that
the SCIRT has adequate internal consistency and
retest reliability (Pluck, 2018).

Tests of Current Cognitive Function. Two
tests were employed to measure current cognitive
performance, one of episodic memory and the
other of fluid intelligence.

Test of Episodic Visual Incidental Learning. This
is used to measure episodic memory (Pluck
et al., 2019). It uses an incidental learning para-
digm to focus on memory processes rather than
deliberate learning strategies. There were 18
learning trials in which abstract designs were
presented in a perceptual task. Later, after
approximately 25 min, a surprise recognition
test was given. In each recognition trial, one
of the original 18 stimuli was shown, with two
completely new abstract designs. The task was to
identify which shape had been seen before. One
point was awarded for each “old” stimulus cor-
rectly identified, thus a maximum of 18 points
were available.
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Matrix Matching Test. As a measure of fluid
intelligence we used the visuospatial tasks from the
Matrix Matching Test (MMT), which has been
shown to be valid and reliable in the Ecuadorian
context (Pluck, 2019). This is similar to other
visuospatial intelligence tests such as the Matrices
subtest used in some of the Wechsler intelligence
tests (e.g., Wechsler, 1999). There were 16 trials, in
each a visual pattern was presented with a piece
missing. The task was to choose which of six
options completes the pattern. The tasks were
graded in difficulty, from simple to complex.
One point was awarded for each trial in which
the correct response was selected. The task was
stopped after three consecutive scores of zero.

Procedure

All participants provided informed written
consent, in accordance with the ethics committee
approved protocol. All participants performed all
of the tests described above, with the incidental
learning aspect of the Test of Episodic Visual
Incidental Learning (TEVIL) performed first, and
the recall aspect performed last. Participants were
debriefed and thanked for participation but did
not receive any remuneration.

PLUCK AND RUALES-CHIERUZZI

Result and Discussion of Study 1

The data supporting this study are publicly
available at http://dx.doi.org/10.23668/psycha
rchives.2897. Mean scores were calculated for
all of the cognitive measures and are shown
graphically in Figure 1. All scores were normally
distributed, based on skew and kurtosis (Kim,
2013), except WAT scores. One-tailed r-tests and
a Mann—Whitney U-test (for WAT scores) were
used to compare the cognitive impairment and
elderly control groups, with effect size given as
Glass’s Delta (D), that is, the between-group
mean difference divided by the control group
standard deviation. There was no significant dif-
ference between the cognitively impaired and
elderly control groups for performance on the
WAT, U = 89.00,p = .491, D = .02. However,
for all of the other potential hold tests, the cogni-
tively impaired group scored significantly below
the elderly control group, with effect sizes of
Word Accentuation Test-Sentences (WAT-Sen-
tences) D = 1.19, SpanLex D = 1.06,and SCIRT
D = 1.60. Itis notable from Figure 1 that the hope
that semantic context would aid pronunciation of
the WAT stimuli words only seemed to apply to
the control group, having no observable effect on
the performance of the cognitively impaired group.

Figure 1
Mean Scores (+SEM) for the Cognitively Impaired and Elderly Control Group for All Cognitive Measures in
Study 1
30
+ O Suspected cognitive imparment
25
+ + + O Elderly control
I
§ 20
2
3
()
=15 —
£ - ]
% —
o
210
©
o
|
0
WAT WAT-Sentences SpanlLex SCIRT TEVIL MMT

Cognitive test

Note. WAT = Word Accentuation Test; SpanLex = Spanish Lexical Decision Task; SCIRT = Stem Completion Implicit
Reading Test; TEVIL = Test of Episodic Visual Incidental Learning; MMT = Matrix Matching Test.
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Regarding the tests of current cognitive func-
tion, as expected, in both comparisons the cogni-
tive impaired group scored significantly below
the level of the elderly control group (both
p < .003). The effect sizes were large, TEVIL
episode memory D = 2.53, MMT fluid intelli-
gence D = 1.16.

These results confirm previous observations
that tests of single-word pronunciation seem to
hold well in the presence of cognitive
impairment. At the between-group level, all of
the other measures, be them potential estimators
of premorbid function or current function, were
significantly affected by the neurological ill-
nesses in the cognitive impairment group. How-
ever, group comparisons such as this will miss
individual cases in which word pronunciation is
actually lower than would be expected. To
examine the consistency of word pronunciation
as a preserved ability, we examined the 15 parti-
cipants with cognitive impairments as a case
series. For each we calculated how far their
individual scores on the different lexical tasks
differed from the mean of the control group,
measured in control group standard deviations.
These figures are shown in Table 1, in which
the best performance of each participant with
cognitive impairment, relative to the control
mean, is shown in bold. As expected, the WAT
was the best overall, as 9/15 cognitive impaired
patients had their best performance on that
test. However, 3/15 had their best performance
on the stem-completion test (SCIRT), 2/15 on
the lexical decision task (SpanLex), and 1/15 on
the WAT-Sentences test. It is also notable that
3/15 patients had their worst performance on
the WAT.

The results from the case-series analysis
suggest some limited potential for each of the
three alternative methods of estimating premor-
bid function: WAT-Sentences, SpanLex, and
SCIRT. However, for the WAT-Sentences it
may be problematic that semantic context tends
to enhance performance in healthy controls, but
not in cognitively impaired patients. This may be
why that although one patient had their best
performance on the task, it was by a relatively
narrow margin.

Even if a lexical task tends to hold in the
presence of cognitive impairment, in order to
function as the main predictor of premorbid
function, it must also be substantially correlated
with some other task in nonclinical participants.

This is generally explored with tests of intelli-
gence. In Study 2, we explore this second require-
ment of premorbid estimation, determining how
well the WAT, the SpanLex, and the SCIRT
associate with intelligence test scores in a
nonclinical sample. For this study, the WAT-
Sentences test was not included. We also used
simulated cognitively impaired performance in
this control sample to explore how different
combinations of reading tasks might predict 1Q
scores.

Study 2: Correlations Between Lexical
Tasks and 1Q

Method
Design and Participants

The aim of this study was to explore
the correlations between lexical ability and
intelligence test scores. However, following the
observations in Study 1 that there may be inter-
individual variation in which lexical tasks are
most affected, we explored this further. This
was achieved by simulating focal impairments
by selectively reducing scores and examining the
effects on the ability of lexical tasks to predict IQ
scores. To this end, we included the 12 elderly
controls from Study 1 and recruited an additional
94 control participants (aged 18—65). All were
screened for the developmental and acquired
neurological illnesses. The whole sample of
106 participants had a mean age in years
of 37.73 (SD = 19.50, range = 18-93), and 58
(55%) were male. The mean years of formal
education were 13.92 (SD = 3.91).

The first analyses used the full sample, and for
later analyses they were randomly split into two
groups. One was the Development Sample
(n = 53), which was used to develop regression
formulas to predict IQ scores from lexical task
scores (Moo = 37.47, SD = 20.71; 55% male).
The other was the Test Sample (n = 53) which
was used to explore how well the regression
formulas function in different contexts (Myee =
37.98, SD = 18.41; 55% male).

Materials

Lexical Reading Tests. Asin Study 1, we used
the stem-completion task (SCIRT; Pluck, 2018)
and the single-word pronunciation task (WAT;
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Del Ser et al., 1997). We also used the lexical-
decision task (SpanLex; Pluck, 2020); however,
in this study we used the full 36-item version.

Test of Intelligence. We used the Spanish-
language Wechsler Adult Intelligence Test IV
(Wechsler, 2012) in a validated seven-subtest
version (Meyers et al., 2013), including Similar-
ities, Block Design, Digit Span, Arithmetic,
Information, Coding, and Picture Completion
subtests. This was validated and normed in Spain.
However, the between-individual variance in
performance is likely to be different in Ecuador.
To produce a typical intelligence test score dis-
tribution, age-adjusted standard scores for each
subtest were calculated from the Wechsler Adult
Intelligence Scale 4th edition (WAIS-IV) man-
ual. The standard scores were then converted
to z scores, summed, and the product transformed
to have a mean of 100 and a standard deviation
of 15.

Procedure

These data were collected at four different
cities in Ecuador (Quito, Manta, Guayaquil,
and Riobamba). A wide range of SES back-
grounds was sampled. All participants provided
written informed consent in accordance with the
protocol which had been approved by an appro-
priate research ethics committee. All interviews
were conducted one-to-one in private rooms.
Upon completion of the tests, each participant
was debriefed and thanked for their participation.
Each was given U.S. $20 as compensation for
their time. Data loss was minimal; however, the
WAT was erroneously not performed with one
participant and the SCIRT with one participant.

Results and Discussion of Study 2

The data supporting this study are publicly
available at http://dx.doi.org/10.23668/psycha
rchives.2897. Scores on the three lexical tasks
and the IQ test had normal distributions based on
analysis of skew and kurtosis. In the full sample,
age was significantly and positively correlated
with all of the lexical reading tasks (WAT r = .28,
p = .004, SpanLex r = .32, p = .001, SCIRT
r =.25,p = .010). However, this is likely caused
by the combination of the high functioning, and
high socioeconomic status, elderly control group
from Study 1, with the new sample of participants
from mainly lower and middle socioeconomic

backgrounds. If those two groups are analyzed
separately, in neither group are there significant
associations between age and task performance.
We have, therefore, ignored age as factor in later
analyses.

Formula Development

In the next step, we performed three separate
simple linear regression analyses, in each, IQ
score was the dependent variable, and one of
the three lexical tasks was the independent vari-
able. This was limited to the 53 participants in the
Development Sample. For the WAT this pro-
duced a model predicting IQ scores, with an
R of .78 (R*> = .61). This was significant,
F(1,50) = 78.77, p < .001. The linear equation
predicting 1Q scores from WAT scores is 1Q =
62.81 + 2.083 (WAT). For the SpanLex the
model predicting IQ scores had an R of .63
(R2 = .40), which was significant, F(1, 51) =
33.94, p < .001. The linear equation predicting
IQ scores from SpanLex scores is IQ = 54.61 +
1.821 (SpanLex). Finally, for the model predict-
ing 1Q scores from SCIRT scores, there was an
R of .79 (R*> = .62) and the model was also
significant, F(1, 51) = 82.91, p < .001. The lin-
ear equation to predict IQ scores from SCIRT
scores is IQ = 60.81 + 3.292 (SCIRT).

Assessment of Prediction Accuracy and
Precision

In the next stage we used those three regression
equations to estimate IQ scores in the Test Sam-
ple, based on performance of the three lexical
tasks. These were then compared to the actual
observed IQ scores in the Test Sample. We also
calculated the median of the three different IQ
estimates, on the assumption that it may be
less affected by outlying scores and may give a
better estimate of observed IQ scores than single
tests. Scattergrams are provided in Figure 2, with
regression lines, showing how well observed 1Q
scores were predicted from the four different
methods. We were particularly interested in as-
sessing the accuracy of the different methods, that
is, how close the predictions are to actual
observed performance. Accuracy is summarized
as the effect size (Cohen’s d) of the difference
between predicted and actual observed IQ scores.
We were also interested in the precision of the
errors, in this context, meaning the variability of
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Figure 2

Scattergrams Plus Regression Line for the Prediction of 1Q Scores by the Four Different Methods in Study 2
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the deviations from the observed mean. This is
summarized by the range of estimated IQ—
observed IQ differences.

We also experimented with simulated cogni-
tive impairments. Clinical neuropsychologists
rarely have access to the actual observed premor-
bid scores of patients. However, as we measured
IQ in a nonclinical sample, we can simulate the
effects of cognitive impairments on the lexical
tasks, and examine how well they continue to
estimate the observed IQ scores that we have.
This can be achieved by systematically reducing
the scores. We did this in two ways.

First, to simulate focal cognitive impairments
we randomly selected 18 participants and reduced
their WAT scores by 1.5 SDs (from the sample
mean). We did the same to the SpanLex scores of
a different 18 participants. The remaining 17 had
their SCIRT score reduced by the same amount.

Thus, all of the participants had some simulated
focal cognitive impairment. We then reestimated
the actual observed IQ scores based on the three
different lexical reading tasks using the regres-
sion formulas developed earlier. We again also
produced a median estimated IQ score, that is, for
each participant the middle score of the IQ esti-
mates provided by the WAT, SpanLex, and
SCIRT. The median was chosen, rather than
the mean, as to estimate in the presence of
impairment, without having scores from single
impaired performances unduly affecting the cen-
tral tendency estimate.

Second, we simulated global cognitive impair-
ments that nevertheless vary in how much differ-
ent functions are affected. For the WAT scores,
for 18 randomly selected participants their raw
score was reduced by 0.25 SDs, for another
18 participants, WAT scores were reduced by
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0.5 SDs, and the remaining 17 had their WAT
scores reduced by 1 SD. This procedure was
repeated for the SpanLex, and then for the
SCIRT. We again used the formulas developed
earlier with the Development Sample to estimate
1Q scores and compared the estimated scores with the
actual observed scores. As previously, we also cal-
culated the median estimated IQ score on those three
lexical tasks. The difference between predictions
without simulated impairment and the two different
simulated impairment patterns can be used to esti-
mate how resistant to impairment the different mea-
sures are.

We first examined the correlations between the
four different estimators of “premorbid” ability
and actual observed 1Q. As would be expected,
the estimated IQ scores in the Test Sample, based
on the formulas from the Development Sample,
were highly correlated with actual observed 1Q
scores. Within the Test Sample, the WAT esti-
mated IQ correlated r = .70, the SpanLex corre-
lated r = .74, and SCIRT correlated » = .70 with
observed IQ scores (all p < .001). In the Test
Sample, we now have the opportunity to also
test the correlation of the median estimator
(i.e., the median of the three reading task IQ
estimates). This produced the highest correlation
with observed IQ scores, r = .80, p < .001.
Table 2 contains more detailed information on
how well the different estimators performed in
approximating the actual observed IQ scores. In
addition, the table includes details of how they
performed under simulated focal impairment and
simulated global impairment.

Coming first to the estimations without any
simulated impairment, all measures slightly over-
estimated the observed IQ scores. Examination of
the Cohen’s d values gives an idea of the level of
misestimation, in this case overestimation. The
worst performing lexical reading task for accuracy
was the WAT which had the largest effect size and
overestimated IQ by more than four points. The
most accurate was the SCIRT, with the lowest
effect size, and provided estimates of IQ that were
on average within two points of the observed 1Q.
However, it also important to consider the spread
of misestimated scores. In Table 2, it can be seen
that each of the lexical tasks in some cases estimated
scores that were more than 20 points higher or lower
than the observed scores. Worst in this respect was
the SCIRT which had a range of discrepancies of
over 50 IQ points (from lowest to highest misesti-
mation of 1Q). However, the median estimated IQ

score was the most precise as it had the least extreme
misestimations, ranging only 36 points from its
lowest to highest misestimation.

Considering the effects of IQ estimation under
simulated focal cognitive impairments, the median
score outperforms all of the individual lexical tasks
in accurately estimating observed IQ scores. It
produces the closest mean, and lowest effect
size, d, between the estimated and observed values.
It shows the least sensitivity to cognitive
impairment, with less drop from impaired to unim-
paired performance, and it has the smallest range of
misestimated scores, suggesting higher precision.

Different results are found when examining the
IQ estimations made under simulated global
cognitive impairment. This time the word-
pronunciation task, the WAT, was most accurate
at the group level in estimating the observed I1Q
scores, as indicated by the small effect size, d.
However, the lexical decision task, the SpanLex,
actually had the lowest drop caused by the simu-
lated global cognitive impairment. The median of
the three different estimated IQ scores over the
three lexical tasks again had the smallest range of
misestimation, suggesting the best precision.

Clearly, which approach to estimation works
best at predicting IQ scores depends on the
context. However, in general, it could be argued
that the word-pronunciation task, the WAT, per-
formed well, as did the method of taking the
median IQ score of the three different methods.
As a crude summary, we calculated the mean
performances of the different methods of 1Q
estimation over the three investigated scenarios
(no impairment, simulated focal impairment, and
simulated global impairment). These are shown
in Table 3. From this, we can see that, overall,
taking the median score of the lexical tasks had
the best precision, accuracy, and resistance to
cognitive impairment. This is probably because
the veracity of any estimator based on the corre-
lation between scores is dependent on the strength
of the correlation. Taking the median of the three
measures had a higher correlation with observed
IQ than any of the single tasks alone. In fact, the
correlation of » = .80 is remarkably high, indi-
cating 64% shared variance between the two
measures (r2 = .64). Furthermore, regressions
based on single tests can only give a limited
number of predicted scores, with equal intervals
between scores. This is the slope of the equation.
For the WAT, for example, each single-point
increase in performance is equal to 2.08 IQ points.
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Table 3

Summary Mean Scores of the Statistics Relating to
Precision, Accuracy, and Resistance to Cognitive
Impairment, of the Different 1Q Estimation Over the
Three Different Scenarios in Study 2

Lexical Range of Cohen’s Effect of impairment on
measure  deviations d estimated IQ scores
WAT 49.30 0.03 5.70

SpanLex 50.33 0.10 5.36

SCIRT 57.62 0.19 6.03

Median 40.43 0.01 4.10
Note. WAT = Word Accentuation Test; SpanLex = Spanish

Lexical Decision Task; SCIRT = Stem Completion Implicit
Reading Test; IQ = intelligence quotient.

Taking the median necessarily allows a more
diverse spread of estimated IQ scores. This likely
contributes to increased precision of estimates.

We suggest that the best predictions may come
from using multiple tasks to estimate premorbid
function, and taking the median value of those
estimates. In our case we used lexical tasks, but
other tasks might function in similar ways, pro-
viding they tend to hold in the presence of cogni-
tive impairment. It should be noted that such tasks
would not need to consistently hold, but holding
sometimes, may be enough.

As suggested earlier, although premorbid esti-
mation of IQ is a valuable tool in clinical neu-
rosciences, intelligence is often not the measure
that principally interests clinical psychologists,
nor cognitive neuroscientists. The ability to esti-
mate premorbid levels of other functions would
considerably increase the usefulness of these
techniques. This has been previously recognized,
and there are already commercial tests that esti-
mate premorbid memory ability, in addition to IQ
(e.g., Wechsler, 2001, 2011). However, the abil-
ity to estimate premorbid executive functions,
and related skills associated with frontal lobe
functioning, would likely be very useful. This
is because executive function problems are very
commonly observed in neurological illness, and
are associated with most forms of psychiatric
illness (Snyder et al., 2015). Furthermore, per-
formance on executive function tests is typically
closely related to general intelligence (Royall &
Palmer, 2014), as such we hypothesized that
executive task performance would be highly
correlated with performance on our lexical tasks
(which themselves seem to be strong measures
of intelligence). We, therefore, conducted an

exploratory study on how well the methods
described here that estimate 1Q, could potentially
predict arange of executive function assessments.
This is described in Study 3.

Study 3: Correlations Between Lexical
Tasks and Executive Function Tests

Method
Design and Participants

The aim of this study was to examine the
correlation r values between lexical task perfor-
mance and measures of executive functions,
including measures of theory of mind ability.
As we have demonstrated the “hold” status of
lexical tasks, the remaining issue is the extent that
they correlate with other cognitive tests, those
which would be expected to be sensitive to
neurological or psychiatric illness. In this explor-
atory study we recruited 37 participants who were
working in a university in Quito, or friends and
family members of the researchers. The aim was
to recruit people from a range of backgrounds,
this included three postgraduate mature students,
but no undergraduates were included. The mean
age was 35.70, (SD = 10.27, range = 18-60)
and 16/37 (43%) were male. All were assessed
with a range of cognitive assessments. An addi-
tional sample of 23 undergraduate students was
also assessed, M, = 21.04 (SD = 1.67), 12/23
male (52%). However, data from participants still
within their educational trajectory are not appro-
priate for these purposes as their cognitive ability
is still developing, and they are generally too
homogeneous to give a true reflection of correla-
tion strengths. The undergraduate sample was
collected as part of a student thesis (Ruales
Chieruzzi, 2015) and is not reported here. How-
ever, their responses on the Cognitive Estimates
Test were included in setting criteria for abnor-
mality. This is described further below.

Materials

Lexical Tests. We used the same three lexical
tasks as used in Study 2. That is, the WAT, the
SpanLex, and the SCIRT. However, the version
of the SpanLex used here was the abbreviated
17-item version, the same as that used in Study 1.
In addition, we again calculated the median score
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of the three lexical tasks and used that as a
separate variable to correlate with the executive
function tasks. To do this, the distribution of
scores from each of the three lexical tests was
converted to z scores. Then the median z score
across the three tests, for each participant, was
taken to include in the new median variable.

Tests of Executive Function. We included
eight tests of executive function that could be
described as “cool,” being those that are primarily
cognitive, and “hot” which also include motiva-
tional or emotional processing (Zelazo et al.,
2005). The hot tests were on two different aspects
of theory of mind. A previous study reported that
word pronunciation, measured with a version of
the NART, did not correlate sufficiently with
any neuropsychological tests, other than intelli-
gence, with the criterion being based on predic-
tion accuracy (Schretlen et al., 2005). However,
we note that their best-performing tests were
Trail Making Part B and Cognitive Estimates,
both verbal tests. In addition, one group reported
a correlation between NART scores and phone-
mic verbal fluency performance, of r = .67
(Crawford et al., 1992), which is close to the
levels found for associations with IQ tests. Learn-
ing from these, we included only language-based
executive function tasks. In general, the current
practice of estimating premorbid IQ in clinical
contexts is based on the observation that IQ scores
typically correlate at » > .70 in nonclinical po-
pulations (Bright et al., 2018). Correlation r va-
lues of that magnitude also indicate that greater
than 50% of the variance in the predicted variable
is shared with the predictor variable. We, there-
fore, took r > .70 as a threshold indicating that a
lexical task could predict executive test scores at
equivalent levels to the current methods of pre-
morbid IQ estimation.

We also followed Schretlen et al. (2005) in
adjusting all of the executive function test scores
for age via regression analyses, as the premorbid
predictions of intellectual ability (i.e., the current
standard method) use age-adjusted IQ scores.

Cognitive  Estimates. First published by
Shallice and Evans (1978), this test is sensitive
to frontal lobe damage and measures top—down
cognitive control. It involves asking questions
that people are highly unlikely to know the
answer to, such as: “what is the average length
of a human spine”? They have to then make a
guess. We used a set of nine questions from a

previous Spanish-language study of cognitive
estimation (Zamorano et al., 2011). However,
we used the scoring system from a validated
and standardized English language version
(MacPherson et al., 2014). That scoring system
uses percentiles to classify abnormal responses
based on their deviation from the mean. The point
thresholds were defined within this study with the
full sample of 60 participants (23 undergraduates
and 37 nonundergraduates). Total scores were
then calculated based on sum of the nine ques-
tions, each scored from 0 to 3. Higher scores
indicate more impaired performance.

Proverb Interpretation. Impaired performance
on deriving abstract interpretations from proverbs
is associated with damage to the frontal lobes and
is said to reflect executive dysfunction (Murphy
et al., 2013). The Delis—Kaplan Executive
Function System (Delis et al., 2001) includes a
Proverb Test in which eight different English
proverbs are presented, and for each the partici-
pant is asked to say what it means. Scoring is
based on a separate assessment of accuracy and
level of abstraction which are combined into a
total achievement score (maximum four points
per proverb). We used the same grading criteria.
However, we substituted the eight English prov-
erbs for eight Spanish proverbs that we have used
in similar research previously (Pluck et al.,
2020). The potential score range was from 0 to
32, higher scores indicating better performance.

Verbal Fluency. The ability to spontaneously
produce words is particularly sensitive to damage
to the frontal lobes (Tucha et al., 1999), and
deficits appear to reflect problems with higher-
order executive control (Kavé et al., 2011). We
used three different verbal fluency tasks. The first
was phonemic fluency. Participants were told a
letter of the alphabet and were required to say as
many words as possible beginning with that letter,
ignoring proper nouns. They were given 1 min.
The experimenter recorded and counted all
unique words. This was done first for the letter
“0,” and then for the letter ““s.” The data of interest
is the sum of words produced for both letters.
Next, we used a semantic fluency task, with words
to be produced from the category of “land
animals,” and then the category of “forms of
transport.” The phonemic and semantic fluency
stimuli have previously been standardized for
use in Spanish (Pluck & Lépez-Aguila, 2019).
The third task used was phonemic—semantic
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alternating fluency, in which participants were
instructed to say three words beginning with the
letter “p” and then three musical instruments, and
repeat the cycle. This increases the executive
demands of the fluency task by requiring extra-
dimensional switching, in addition to verbal
initiation (Iudicello et al., 2008). The number
of unique words was counted; however, points
were deducted for perseverative responses, rule
violations, and incompletion triads. This scoring
system is that of the Frontal/Subcortical Assess-
ment Battery (Rothlind & Brandt, 1993).

Reading Span Test. 'This is said to measure
working memory capacity. Participants are required
to read several sentences aloud, remembering the
final word of each sentence (Daneman & Carpenter,
1980). This is a complex task involving phonologi-
cal storage but also tasking several aspects of central
executive capability (Whitney et al., 2001). Brain
imaging has linked the processes underlying read-
ing span performance to cingulate and lateral pre-
frontal connectivity (Kondo et al., 2004). We used
the sentences in Spanish for the Reading Span Test
provided by Elosua et al. (1996). Partial scoring
was used (Conway et al., 2005). The potential score
range is from O to 12 points, higher scores indicating
better performance.

Reading the Mind in the Eyes Test. This is
designed as an adult measure of initial stages
of theory of mind, in which participants must
attribute mental states based on examining only
the eye region in photographs (Baron-Cohen
et al., 2001). This uses 36 monochrome photo-
graphs and for each there are four choices of
mental state. These are presented visually and
read aloud by the experimenter. It is available in
Spanish from the test developer (www.autismre
searchcentre.com). One point is awarded for each
mental state correctly identified. Higher scores
indicate better performance.

Faux Pas Test. This is also a measure of
theory of mind but involves participants under-
standing when somebody does or says something
tactless or that causes embarrassment. It requires
more advanced theory of mind ability than the
Reading the Mind in the Eyes Test (RMET) with
both cognitive and empathic aspects and is sensi-
tive to frontal lobe impairment (Stone et al.,
1998). A Spanish version is available from the
test developer (www.autismresearchcentre.com).
Twenty scenarios are presented sequentially, in
10 of which somebody makes a faux pas. One

point is awarded for each faux pas correctly
identified and understood, or rejected. High
scores indicate better performance.

Procedure

All participants provided written informed con-
sent in accordance with the ethics committee-
approved protocol. All assessments were per-
formed in one-to-one interviews in a quiet
room. The participants performed all of the lexical
and executive functions tasks. Upon completion,
they were debriefed and received compensation of
U.S. $5.

Results and Discussion of Study 3

The data supporting this study are publicly
available at http://dx.doi.org/10.23668/psycha
rchives.2897. Zero-order correlations were per-
formed between the lexical measures and the
eight age-adjusted executive tasks. These are
shown in Table 4. In general, there were large
correlations between all lexical measures and the
executive function measures. Several executive
function tests had coefficients greater than our
previously set threshold of .70. These are Prov-
erb Interpretation, Alternating Fluency, and
Reading Span. This suggests that lexical tasks
could be used to estimate premorbid ability on
these tests, and as all of them are sensitive to
frontal lobe pathology, to estimate the magni-
tude of acquired impairments of performance.
The test of Proverb Interpretation may be of
particular interest, as impaired performance fol-
lowing frontal lobe damage appears to be inde-
pendent of impairments to general intelligence
(Murphy et al.,2013; Rocaet al.,2010). Thus, a
premorbid estimation of proverb interpretation
could be made rather independently of estimates
of premorbid intelligence and may allow clearer
identification of executive dysfunction.

Itis notable that the highest correlations were
with tests of “cool” executive functions. Despite
hypothesizing links between lexical task perfor-
mance and “hot” functions such as theory of
mind, our data suggest that any associations
were not of sufficient magnitude to support their
use in premorbid estimation, at least at the
criterion we set. Furthermore, of the verbal
fluency tasks, it was phonemic—semantic alter-
nating fluency that correlated most with lexical
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Table 4

Correlation r Values Between Lexical Task Scores and Executive Function Task Scores From Study 3

Executive test WAT SpanLex SCIRT? Median
Cognitive estimates® —.53%%E —.61%%F —.61%* —. 6%k
Proverb interpretation® 687 /| T 72
Phonemic fluency 497%* 59 637 56T
Semantic fluency 46** ATEE STERE 497
Alternating fluency 63FH 79ERE 66+ 76+
Reading span 687 687F* 6475 73ERE
RMET 55 53%* 60*H* 6475
Faux pas® 49%* 52%* 36* 457
Note.  WAT = Word Accentuation Test; SpanLex = Spanish Lexical Decision Task; SCIRT = Stem Completion Implicit

Reading Test; RMET = Reading the Mind in the Eyes Test. All correlation coefficients are Pearson’s r values, except.
# Spearman’s rho due to nonnormal data distributions. r values > .70 are indicated in bold.

*p <.050. **p<.010. ***p < .001 (two-tailed).

reading tasks, more so than phonemic fluency or
semantic fluency tested alone. This again is of
interest because the alternating version is the
most clearly demanding of executive resources,
given that it includes an additional switching
component, one of the core executive functions
(Miyake et al., 2000). Similarly, performance
on the Reading Span Test could be potentially
predicted based on lexical reading tasks such as
those discussed here. Reading span perfor-
mance is thought to reflect several aspects of
central executive efficacy (Whitney et al.,
2001) which may, therefore, allow accurate
estimation of the extent of acquired working
memory impairments. These comparisons
could all be very useful, both clinically and in
research.

General Discussion

In three studies we have shown that lexical
tasks are good predictors of other cognitive abili-
ties, with potential for use clinically as measures
of premorbid ability. Although this has been
known for some time, the current results suggest
some ways that this approach could be improved.

First, from Study 1, we showed that patients
with cognitive impairments due to neurological
illness are heterogeneous regarding the extent to
which lexical task performance is preserved. This
is of course fairly obvious, considering the wide
range of neuropsychological dissociations of lan-
guage function that have been described (e.g., Ar-
dila, 2010). Furthermore, the fact was already
suggested by a study of dementia patients that
word pronunciation held while lexical decision did

not (Beardsall & Huppert, 1997), and with a
different patient group, the opposite pattern
(McFarlane et al., 2006). The contradictions
have only mainly been evident when comparing
between studies because past research has tended
to compare dementia patients with control parti-
cipants at the group level, ignoring heterogeneity
of performance within the groups. In our case-
series analysis, we found that although single-
word pronunciation was the most preserved ability
in our sample, in a minority of patients it was the
mostimpaired. This implies that relying on a single
ability such as word pronunciation to estimate
premorbid intelligence is unreliable. Indeed, we
confirmed in Study 2 that the use of three different
tasks tapping different lexical skills performs
before better than any individual test, if the median
value is taken as the premorbid estimate. Although
this may seem cumbersome, all of the tests are
rapidly administered, and in our study could be
applied in about 12-15 min. Considering the
importance of premorbid estimation in defining
the patient’s overall cognitive profile, this seems
reasonable. We chose the median value as a
measure of central tendency, rather than the
mean, as it is less affected by individual scores
that deviate from the others in the set (such as when
a patient has a focal cognitive impairment depress-
ing scores on only one test).

A weakness of the current approach, taking the
median of three separate tasks, is that all rely on
lexical knowledge. The reason we took this
approach is that lexical tasks are the only cogni-
tive tests that are known to frequently “hold” in
the presence of cognitive impairments. However,
their conceptual similarity as lexical tasks means
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that they sample a narrow range of cognitive
abilities, making them vulnerable to being simul-
taneously impaired. Ideally, a wider range of
“hold” tests should be identified in future
research. Nevertheless, our proposal to use the
median of several tests remains valid. We should
note, however, that others have also suggested
that the application of multiple tests may be better
than relying on single measures. For example,
Vanderploeg et al. (1996) have argued that
the best performance from a range of cognitive
tests may be an appropriate method to increase
accuracy of estimates of premorbid cognitive
function.

Although in this research we focused on the
median score from three different assessments,
further studies could explore whether the mean or
median is the best estimators of central tendency
in clinical practice. Furthermore, machine learn-
ing methods, where the best relative weights
of multiple tests, or even the best items from
within tests, have recently been applied to neu-
ropsychology to improve prediction accuracy
(Johnson et al., 2014; van der Linde & Bright,
2018). Such computational methods could poten-
tially improve the accuracy of the methods
described here.

In our third study, we showed that our
approach of taking the median of three different
lexical tasks also applies to neuropsychological
tests associated with frontal lobe impairments.
This also extends the potential ability of
lexical tasks as premorbid estimators. Frontal
lobe impairment and associated dysexecutive
symptoms are a substantial cause of problems
in activities of daily living (Godbout et al.,
2005; Putcha & Tremont, 2016). However, intel-
ligence tests have frequently been shown to
be insensitive to the cognitive impairments
associated with such damage (e.g., Blair &
Cipolotti, 2000; Cato et al., 2004). Thus, the
ability to make premorbid estimations of execu-
tive test scores, rather than intelligence, could
be particularly useful in neuropsychological
assessment. Our results suggest that working
memory, abstract reasoning, and generation/
switching impairments could be estimated for
premorbid levels. It is true that all tests
that correlate at least somewhat could potentially
be used to predict each other. However, our
results suggest that verbal working memory
(Reading Span Test), abstract reasoning (Proverb
Test), and verbal fluency (Alternating Fluency

Test) could be predicted at levels of accuracy
similar to those achieved by current methods
employed to estimate premorbid IQ scores.

An important caveat is that, as the tasks used
were all of word knowledge, the methods will not
be suitable for all patients. Single-word reading
and pronunciation tasks, such as the WAT, cannot
be applied to people with dysarthria, and none of
the tasks would be appropriate for patients with
dyslexia. The SCIRT would not be appropriate
for patients with semantic dementia. In general,
as with the similar tests currently in common
clinical use such as the NART (Nelson &
Willison, 1991), WTAR (Wechsler, 2001), and
TOPF (Wechsler, 2011), they could only be
applied clinically when there is no suspicion of
visual or language disorder.

Our research is merely suggestive and does
not supply any tools that can be immediately
applied anyway. However, the research pro-
vides some new experimental approaches: use
of case-series instead of group comparisons,
stem-completion naming, simulated cognitive
impairments, and the use of median scores from
multiple tests represent new ways to explore
premorbid estimation. These could all be fur-
ther investigated, potentially leading to the
development of novel assessment protocols
for quantifying the magnitude of acquired cog-
nitive impairments. Even small improvements
may be important, as premorbid estimation
provides a cornerstone of the overall assess-
ment in clinical neuropsychology and behav-
ioral neurology.

Some limitations of the current research should
be acknowledged. Our sample of neurological
patients in Study 1 is relatively small, and thus
results should be considered preliminary. Repli-
cation with a larger sample is warranted, as the
patterns reported here may be not be found in a
larger data set. Also, the sample was quite het-
erogeneous with regard to etiology of the cogni-
tive impairments, which could be considered a
further limitation. Many previous studies of this
type have included patients with only a single,
well-defined neurological illness (though see
Beardsall & Huppert, 1997; Vanderploeg et al.,
1996 for exceptions). However, in actual practice,
assessments for premorbid function are applied
across a range of disorders involving cognitive
impairment. From this perspective, inclusion of a
heterogeneous group could be seen as making the
research more relevant to clinical practice. A
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further limitation is that we did not assess the
healthy participants for neurological disorders or
MCI, other than screening based on a brief neu-
rological history. We cannot, therefore, be sure
that all of our nonclinical participants were neu-
rological healthy. Our method of simulating cog-
nitive impairment in the assumed healthy
participants in Study 2, by reducing observed
test scores by set amounts, is an imperfect method
of studying the effects of select cognitive impair-
ments on other test scores. We suggest that results
from that method be interpreted cautiously.

It should be further acknowledged that the
current research was conducted in Spanish, and
in South America (Ecuador), and some of the
lexical tests were experimental, although we have
previously demonstrated their psychometric
properties. There is high variability in cognitive
skills in Ecuador, linked to extremes in socioeco-
nomic privilege (Pluck et al., 2021). This may
have enhanced correlations, which may be found
to be not as high in more developed countries.
However, Ecuador is not unusual in its socioeco-
nomic diversity, from a global perspective.

In conclusion, lexical tests are good predictors
of premorbid cognitive functions. The use of
multiple techniques to estimate premorbid func-
tion could be explored further, as could the
prediction of test scores other than intelligence.
This could enhance the fidelity of cognitive as-
sessments, with benefits to practice and investi-
gation in clinical neurosciences.
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