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Abstract

Background: The 16-item Informant Questionnaire on Cognitive Decline in
the Elderly (IQCODE-16) is a well-validated and widely-used measure of
cognitive changes (CCs) among older adults. This study aimed to use
Rasch methodology to establish psychometric properties of the IQCODE-
16 and validate the existing ordinal-to-interval transformation algorithms
across multiple large samples.
Methods: A Partial Credit Rasch model was employed to examine psycho-
metric properties of the IQCODE-16 using data (n = 918) from two longitu-
dinal studies of participants aged 57–99 years: the Older Australian Twins
Study (n = 450) and the Canberra Longitudinal Study (n = 468), and reusing
the Sydney Memory and Ageing Study (MAS) sample (n = 400).
Results: Initial analyses indicated good reliability for the IQCODE-16
(Person Separation Index range: 0.82–0.90). However, local dependency
was identified between items, with several items showing misfit to the
model. Replicating the existing Rasch solution could not reproduce the best
Rasch model fit for all samples. Combining locally dependent items into
three testlets resolved all misfit and local dependency issues and resulted
in the best Rasch model fit for all samples with evidence of unidimensional-
ity, strong reliability, and invariance across person factors. Accordingly,
new ordinal-to-interval transformation algorithms were produced to convert
the IQCODE-16 ordinal scores into interval data to improve the accuracy of
its scores.
Conclusions: The findings of this study support the reliability and validity of
the IQCODE-16 in measuring CCs among older adults. New ordinal-to-interval
conversion tables generated using samples from multiple independent datasets
are more generalizable and can be used to enhance the precision of the
IQCODE-16 without changing its original format. An easy-to-use converter has
been made available for clinical and research use.

INTRODUCTION
Cognitive changes (CCs) reported by older adults
(self-reported) or their informants (informant-observed)
reflect an individual’s personal experience of deterio-
ration in cognitive functions.1–3 CCs are an essential

criterion for the diagnosis of mild cognitive impairment
(MCI), which may in turn lead to dementia.4 Recent
studies have shown that both self-reported and
informant-observed CCs significantly predicted incident
dementia.5,6 Therefore, CCs may be considered the
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earliest stage of preclinical dementia.7,8 Furthermore,
CCs can be conveniently captured by self-reported or
informant-observed questionnaires that are difficult to
detect otherwise in the absence of comprehensive neu-
ropsychological testing.6

Researchers have recently examined the advan-
tages of self-reported versus informant-observed
CCs.9 Several studies have shown that informant-
observed CCs may be a more reliable approximation
for predicting concurrent objective cognitive perfor-
mance and/or future decline in comparison to self-
reported CCs.5,10–12 Particularly, in the longitudinal
Memory and Ageing Study (MAS), cognitive changes
were measured by the self-reported Memory Com-
plaint Questionnaire (MAC-Q)1 and the informant-
observed Informant Questionnaire on Cognitive
Decline in the Elderly (IQCODE) over 10 years.13

Results from the MAS showed that informant
IQCODE scores were more accurate in predicting
cognitive performance and incident dementia com-
pared to self-reported MAC-Q scores.5 Moreover,
self-reports are subject to various biases such as
the individual’s mood (e.g. depression, anxiety), per-
sonality traits (e.g. under/over complaining behaviours,
neuroticism, or conscientiousness), life events, and
medications.14–16 Even though informant CCs may
also be affected by the same factors, although per-
haps to a lesser extent,5,6 informant-observed CC
reports are increasingly used in clinical settings as
individuals with incipient dementia may lose insight
about their cognitive changes.17

The 16-item IQCODE-16,18 a short version of the
IQCODE, is widely-used as a CC scale with virtually
equivalent psychometric properties to the original
26-item version. The IQCODE-16 has demonstrated
excellent internal consistency with Cronbach’s alphas
ranging from 0.93 to 0.97,18–21 and its scores have
been shown to significantly predict incident demen-
tia.5,22,23 However, although the IQCODE-16 is a
well-validated measure, its scores constitute an ordi-
nal scale. The differences between response options
of individual IQCODE-16 items (e.g. 1 and 2 vs 2 and
3) may not as accurately reflect the same amount of
clinical change as an interval scale whereby the dif-
ference between 1 and 2 is the same as the differ-
ence between 2 and 3.24 All 16 items of the IQCODE-
16 are scored using Likert-scale responses ranged
ordinally from 1 (much improved) to 5 (much worse),
and the total score of the IQCODE-16 is the mean of

the items. However, each individual item can reflect a
symptom with different severity or difficulty levels,
and may contribute differently to the overall latent
assessment score (i.e. CC levels).21,25

Another issue related to the ordinal nature of the
IQCODE-16 scores involves conducting parametric
statistics, as they violate the arithmetic assumptions
of such tests.26,27 Rasch analysis28 can help over-
come these limitations. It is a specialized statistical
approach that is increasingly used in evaluating
the reliability and internal validity of clinical psy-
chometric instruments.21,25,29–33 Rasch methodol-
ogy has numerous advantages compared to other
widely used statistical methods such as Classical
Test Theory34 and Generalizability Theory,35 which
are unable to account for the different contribu-
tions of individual items to the overall latent trait.36

Specifically, these methods do not distinguish
between item difficulty based on individual abil-
ity.28,37 A Rasch model is strictly unidimensional
and assumes that a person’s response to a partic-
ular scale item is determined by that item’s diffi-
culty and the capacity of the person on the
measured trait.28,37 Rasch analysis can precisely
estimate thresholds between response options of
the individual scale items and the contribution of
each individual scale item to the overall latent
trait.21,38 Such estimations are possible because
most respondents score higher on easy items
while only a few score high on more difficult
items.39 Therefore, Rasch analysis can eliminate
the biases caused by arbitrarily assigning categori-
cal options to individual items, which are then used
to compute total scores, as such scores are not
mathematically equal to the total.40

The Rasch model also involves invariance testing,
meaning it checks for differential item functioning
(DIF) as a function of personal factors (e.g. age, sex).
DIF is useful to test whether a scale will fit equally
for every person regardless of individual factors. If
DIF is detected, it indicates that the personal char-
acteristics of a respondent are influencing their
responses, meaning that the scale items do not
work equally well across different groups.41 More-
over, the results of Rasch analysis can be pres-
ented graphically as an item-person threshold
distribution that illustrates how the range of a per-
son’s ability is covered by the range of item difficul-
ties, which can be useful for detecting potentially
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significant ceiling or floor effects.42 In addition,
when the sample data are fitted to the Rasch
model, the raw scores of an ordinal instrument can
be transformed into interval-level data.43,44 Such
interval-transformed data reflect changes on a
latent trait the same way as any other interval-level
scale (e.g. Celsius temperature). Increased mea-
surement precision from ordinal-to-interval Rasch
transformation has been demonstrated in several
studies using different clinical measures.31,32,43

This is the major benefit of the Rasch model over
classical test theory methods, which are unable to
produce a genuine interval scale.

This methodology has been recently applied to
investigate psychometric properties of the IQCODE-
16 in a study where ordinal-to-interval transformation
algorithms were proposed that enhanced precision
up to that of an interval-level scale.21 However, this
study had limited generalizability as the sample was
selectively comprised of participants from a small
area of Sydney, Australia. Moreover, while the study
had the novel feature of testing the DIF according to
the informants’ age and sex, it has been more com-
mon in ageing research to examine the age and sex
of the assessed participants (e.g. Tang and col-
leagues45). These limitations need to be addressed to
ensure that transformed scores are generalizable
across a wider population of older adults. Therefore,
the purpose of the current study was to address
these limitations by systematically replicating this
earlier study within a larger, more diverse sample to
extend the robustness and generalizability of these
previous findings.

The first aim of the current study was to replicate
Truong and colleagues’ previous work applying
Rasch methodology to IQCODE-16 scores from
informants of participants in the Sydney MAS,21 as

replication studies are important to scientific inquiry
and can further enhance the precision of the
IQCODE-16. The current study will also allow us to
investigate whether the recently developed Rasch
model for the IQCODE-16 is generalizable across
other samples of participants. Other aims were to
investigate invariance (i.e. potential DIF) across the
different cohorts and participants and, if necessary,
to convert the IQCODE-16 scores into interval-level
data. Additionally, we aimed to examine the differ-
ence between the new and old conversion algorithms
of the IQCODE-16.

METHOD
Participants
Participants’ scores for the current study were
extracted from two longitudinal studies: the Older
Australian Twins Study (OATS),46 and the Canberra
Longitudinal Study (CLS).47,48 Both studies received
ethical approvals permitting secondary analyses of
their data from the University of New South Wales
and the Australian National University. Figure 1 pre-
sents the CONSORT diagram of how participants
were selected for Rasch analyses. All participants
and informants provided written consent for their par-
ticipation; this study was completed according to the
guidelines of the contributing studies’ institutions,
which are based on internationally accepted ethical
standards.

The OATS sample included 623 participants
(600 twins and 23 siblings) aged above 65 years at
the wave 1/baseline assessment. Of these, 468 com-
pleted the IQCODE-16 and were thus included in the
current study. The OATS sample was aged from
65 to 92 (M = 70.43, SD = 5.46), and comprised
288 females (62%) and 180 males (39%).

OATS sample (n = 623) 
Completed IQCODE-16 n = 468 (75.1%) 

CLS sample (n = 1045) 
Completed IQCODE-16 n = 780 (75.8%) 

Rasch analysis sample (n = 468) 
Age range 65–92 (Mean = 70.43, 

SD = 5.46); 288 females (61.5%)

Randomly selected for Rasch 
analysis (n = 450) 

Age range 57–99 (Mean = 77.68, 

SD = 5.78); 189 females (42.0%) 

Figure 1 CONSORT diagram for partici-
pants selected for Rasch analysis of the
16-item Informant Questionnaire on
Cognitive Decline in the Elderly
(IQCODE-16). CLS, Canberra Longitudi-
nal Study; OATS, Older Australian Twins
Study.

Ordinal-to-interval conversion of IQCODE-16
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The original CLS sample included 1045 partici-
pants aged 57 or above at the wave 1/baseline
assessment; of these 780 completed the IQCODE-
16, and 450 were randomly drawn for Rasch analysis.
This selection made the number of participants in this
sample roughly similar to the OATS sample and sat-
isfied the optimal sample size to minimize Type I and
Type II errors of 250 to 500 for Rach analysis.49,50

This selected CLS sample was aged 57–99
(M = 77.68, SD = 5.78), and comprised 189 females
(42%) and 261 males (58%).

Moreover, we included the sample from the Syd-
ney MAS that was used in Truong and colleagues’
original study.21 The baseline (wave 1) MAS sam-
ple included 1037 participants aged between
70 and 90. MAS participants were predominantly
European (98%) and were recruited from the East-
ern suburbs of Sydney, Australia, between 2005
and 2007.13 The MAS sample selected for Rasch
analysis in Truong and colleagues’21 study com-
prised 400 participants.

We then randomly selected 150 participants from
each of three original samples (OATS, CLS, and
MAS) for invariance (DIF) testing across samples and
to determine the overall model fit, as well as to pro-
duce a conversion table that is more representative
of the general older Australian population. This ran-
dom sample included participants aged 65–95
(M = 75.36, SD = 6.27), and comprised 254 females
(56.4%) and 196 males (43.6%). Table S1 presents
demographic details of participants in each sample
used for the Rasch analysis. The results of chi-square
and ANOVA tests showed that there were significant
differences between age and sexes among three
Rasch samples (Ps < 0.001).

It should be noted that the full CLS sample
(n = 468) was used for Rasch analysis because this
sample size satisfied requirements of the Rasch
model to reduce Type I and Type II error, which is
between 250 and 500 cases. To ensure valid com-
parisons with the CLS sample and to satisfy Rasch
model requirements, two comparable samples with
n = 450 each were extracted using Simple Random
Sampling (e.g. computer-generated randomization).
The first comparison sample was comprised of
450 OATS participants and the second comparison
sample was comprised of 450 participants ran-
domly selected from all three original datasets
(i.e. OATS, CLS, and MAS).

Measure
Informant-observed CCs were measured using the
IQCODE-16,18 which consists of 16 individual items
that ask informants about how the participant’s
memory and cognitive function have changed
(e.g. ‘Using his/her intelligence to understand what’s
going on and to reason things through’). Each item is
scored on a 5-point Likert-scale with response
options ranging from 1 = ‘much improved’ to
5 = ‘much worse’, where 3 = ‘no change’.

Data analyses
Descriptive statistics including mean, standard devia-
tion (SD), Cronbach’s alpha, and McDonald’s omega
for the IQCODE-16 across the four samples were
computed using IBM SPSS v.27. Rasch analyses
were conducted using the RUMM2030 software
package51 replicating the analytical solutions in
Truong and colleagues,21 which were based on the
standardized criteria for the Rasch model fit as rec-
ommended elsewhere.39,52

Replications involved the use of unrestricted Par-
tial Credit models24 and examined whether the Rasch
model fit solution in Truong and colleagues’21 study
was appropriate for all samples in the current study.
The previous solution combined individual items into
super-items (testlets) to reduce measurement error
and improve the Rasch model fit.21,32,53,54 Generally,
the scale satisfies expectations of the Rasch model if
it is not significantly different from the characteristics
of an interval measure. This is reflected by nonsignifi-
cant item-trait interactions, no misfitting items, no
local dependency, no DIF, and evidence of unidimen-
sionality.39,52 First, the overall Rasch model fit
requires a nonsignificant chi-square index of the esti-
mate of item-trait interaction (P > 0.05).55 Second, no
misfitting items can be identified, meaning fit resid-
uals for individual items are in the range of �2.50.29

Third, there can be no local dependency detected
when observing the residual correlations between
individual items, meaning values are below 0.20.33

Fourth, no DIF due to personal factors (e.g. age, sex,
sample) can be detected, which suggests the scale
items work equally well across different groups of
people.41 Last, the achievement of unidimensionality
is evidenced by a nonsignificant principal compo-
nents analysis of the residuals and the equating t-
test.52 In addition, the Person Separation Index (PSI),
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the reliability coefficient used in Rasch analysis, is
not a criterion of the Rasch model fit but it reflects
how well the scale discriminates between individuals
with different levels of the latent trait (e.g. CC sever-
ity). PSI values ranging from 0.70 to 0.80 indicate
acceptable reliability and a PSI above 0.80 indicates
good to excellent reliability.51,53

The best model fit for this study involved a solu-
tion that worked equally well across all included sam-
ples. When the best Rasch model fit was achieved,
the person-item thresholds distribution for each
sample was evaluated to examine how well items
thresholds of the IQCODE-16 cover the sample’s
CC levels. A transformation table was then gener-
ated to transform the IQCODE-16 raw scores into
interval-transformed scores to increase the preci-
sion of assessment.

RESULTS
The IQCODE-16 showed excellent internal consis-
tency, with both Cronbach’s alpha and McDonald’s
omega ranging from 0.93 to 0.96, which is consistent
with previous reports.5,19–21 Table 1 presents esti-
mates of item-fit residuals for the initial Rasch ana-
lyses for each sample. As can be seen, most items
with significant misfit to the Rasch model in the MAS
sample from the Truong et al., study21 (i.e. items
3, 10, 12, and 15) were consistently found to be mis-
fitting in all samples in the present analyses, the
exception being item 15, which was not misfitting in
the random sample. Besides that, other items that
misfit the Rasch model were observed across the
OATS, CLS, and random samples. These misfitting
items were 2, 5, 9, 13, and 16, while items 1 and
8 were only significantly misfit to the OATS sample.
Table 2 displays the overall model fit estimates of the
Rasch analyses for each IQCODE-16 items across all
samples. All initial analyses (labelled A1) for the
OATS, CLS, and random samples resulted in good to
excellent reliability with PSIs ranging from 0.84 to
0.90. However, the overall fit to the Rasch model was
not satisfactory as indicated by significant chi-square
indexes (Ps < 0.004), which reflect deviation of the
scale from the Rasch model expectations across
samples.

The overall model fit estimates using the Rasch
model fit solution originally suggested by Truong and
colleagues21 across the four samples are also

presented in Table 2 (analyses A2). This solution
included four super-items: super-item 1 (items 2, 3,
13, and 14); super-item 2 (1 and 9); super-item
3 (6 and 7); and super-item 4 (10 and 11). These
analyses demonstrated good to excellent reliability
with PSIs ranging from 0.83 to 0.91 for the
IQCODE-16, with an acceptable Rasch model fit as
evident by nonsignificant chi-square indexes
(P > 0.05) for the CLS and random samples. How-
ever, the OATS sample did not achieve Rasch
model fit with this solution (chi-square index
P < 0.001). The residual correlation matrix in the
analysis for the OATS sample also showed local
dependency between super-item 2 and super-item
4, and between super-item 2 and regular item 8 as
reflected by significant residual correlations of 0.27
and 0.31, respectively.

To address these issues, minor modifications were
made that involved combining locally dependent
items in the OATS sample into three super-items:
super-item 1 (items 2, 3, 13, and 14); super-item
2 (1 and 9); and super-item 3 (6, 7, 10, and 11). This
new Rasch model provided not only a better fit for
the OATS sample, but also for the CLS and random
samples, and the MAS sample used in Truong and
colleagues’21 study (Table 2, analyses A3). This
solution resolved item misfit and local dependency
while achieving acceptable or strict unidimension-
ality, good reliability, and invariance across person
factors such as participants’ age and sex and the
study sample. Figure 2 presents person-item
threshold distributions from the analyses of the
best fitting model for the samples in the current
study as well as the MAS sample used in Truong
and colleagues’21 study. Interestingly, they show
that thresholds of the IQCODE-16 scale satisfacto-
rily cover CC levels with no significant ceiling or
floor effects in each sample.

We generated a new conversion algorithm to
transform raw IQCODE-16 scores into interval data
using the best model fit analysis, allowing us to
enhance precision of measurement. Table 3 pre-
sents a Rasch ordinal-to-interval conversion table
which was developed based on person estimates
for the IQCODE-16. Pearson’s correlation between
conversion scores in the current study and Truong
and colleagues’21 study indicated that the two sets
of Rasch conversion scores were strongly corre-
lated (r = 0.998).

Ordinal-to-interval conversion of IQCODE-16
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DISCUSSION
This study applied Rasch analysis to investigate psycho-
metric properties of a widely used informant-reported
CC measure, the IQCODE-16, and re-evaluated the gen-
eralizability of the Rasch conversion algorithms pro-
posed in a recent study by Truong and colleagues.21

Good reliability of the IQCODE-16 was consistently
obtained across analyses in this study, adding further
empirical evidence supporting the robust psychomet-
ric properties of the scale. Interestingly, the Rasch
solution suggested by Truong and colleagues21 did
not work equally well for all samples in the current

Table 1 Rasch model fit statistics of item-fit residuals for the initial analyses (A1) of the IQCODE-16 individual items across four samples

Items

Item-fit residuals

MAS† OATS CLS Random

1. Remembering things about family and friends (e.g.
occupations, birthdays, addresses)

�1.66 �2.64* �1.10 �2.61*

2. Remembering things that have happened recently �2.52 �4.14* �3.39* �3.81*
3. Recalling conversations a few days later �4.09* �3.56* �2.54* �3.63*
4. Remembering his/her address and telephone number 0.48 �0.85 �1.30 �1.94
5. Remembering what day and month it is �2.15 �2.54* �3.32* �2.74*
6. Remembering where things are usually kept �1.45 �0.43 �2.11 �2.46
7. Remembering where to find things which have been
put in a different place from usual

�2.23 �0.92 �2.02 �1.69

8. Knowing how to work familiar machines around the
house

�2.07 �4.42* �2.12 �2.32

9. Learning to use a new gadget or machine around the
house

�2.35 �5.19* �3.98* �4.08*

10. Learning new things in general �4.05* �6.16* �4.67* �5.42*
11. Following a story in a book or on TV �2.32 �2.04 �1.49 �2.31
12. Making decisions on everyday matters �3.67* �3.93* �6.73* �4.08*
13. Handling money for shopping �0.51 �4.03* �3.87* �3.74*
14. Handling financial matters for example the pension,
dealing with the bank

�1.84 �4.06* �4.19* �3.42*

15. Handling other everyday arithmetic problems (e.g.
knowing how much food to buy, knowing how long
between visits from family or friends)

�2.84* �3.97* �5.22* �1.95

16. Using his/her intelligence to understand what’s going
on and to reason things through

�1.71 �5.78* �4.35* �3.16*

Abbreviations: IQCODE-16, 16-item Informant Questionnaire on Cognitive Decline in the Elderly; MAS, Memory and Ageing Study; OATS, Older Australian
Twins Study; CLS, Canberra Longitudinal Study. *Significant misfit to the Rasch model. †Results for MAS were reproduced with permission from Truong and
colleagues21 Table 2.

Table 2 Summary of fit statistics for the Rasch analyses of the IQCODE-16 across samples

Sample Analysis

Person mean Goodness of fit

PSI

Significant t-tests (unidimensionality)

Value SD χ2 P % Lower bound

MAS A1† 1.41 2.26 92.23 0.16 0.92 5.5 3.4 (Acceptable)
A2† 1.26 2.11 81.32 0.38 0.92 4.3 2.1 (Strict)
A3‡ 1.14 1.93 46.66 0.40 0.92 6.3 4.2 (Acceptable)

OATS A1 0.02 1.58 191.51 <0.001 0.84 5.6 3.6 (Acceptable)
A2 �0.08 1.52 93.13 <0.001 0.83 11.0 9.0 (Not acceptable)
A3 �0.05 1.63 68.42 0.50 0.83 6.5 4.5 (Acceptable)

CLS A1 0.76 1.69 138.94 0.003 0.90 4.9 2.8 (Strict)
A2 1.04 1.82 30.99 0.06 0.91 8.1 6.0 (Not acceptable)
A3 0.70 1.78 22.71 0.20 0.91 6.9 4.8 (Acceptable)

Random A1 0.39 1.50 58.10 0.003 0.86 11.3 9.3 (Not acceptable)
A2 0.30 1.65 92.33 0.16 0.85 8.1 6.1 (Not acceptable)
A3 0.30 1.48 19.48 0.36 0.85 3.9 1.9 (Strict)

Abbreviations: A1, initial analysis; A2, replicating analysis; A3, Rasch model fit analysis; IQCODE-16, 16-item Informant Questionnaire on Cognitive Decline in
the Elderly; MAS, Memory and Ageing Study; PSI, Person Separation Index; OATS, Older Australian Twins Study; CLS, Canberra Longitudinal Study. †Results
for MAS were reproduced with permission from Truong and colleagues21 Table 1. ‡Analysis used MAS data with permission from Truong and colleagues.21
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study, potentially due to the previous study’s biased
sample. Therefore, an alternative solution was found
in the current study, which involved reorganizing
super-items of the IQCODE-16 to achieve the best
Rasch model fit across all samples. This allowed us
to generate ordinal-to-interval conversion algorithms
to enhance the accuracy of the IQCODE-16 across
more diverse samples with higher generalizability of
assessment scores.

Evidence shows that the self-reported CCs can
be significantly affected by individual person fac-
tors such as mood, personality, life events, and
medications, which can also impact informants’
reports. However, to the best of our knowledge,
no interval-transformed algorithms have been pre-
viously established for self-reported CC assess-
ments (e.g. MAC-Q). This is important as studies
have shown that interval-transformed data can
more accurately reflect real clinical changes
(e.g. CC levels) compared to ordinal scales.21,25,32

Moreover, using interval-transformed data can
also decrease measurement errors associated
with ordinal scale scores.30 Therefore, the ordinal-
to-interval transformation algorithms developed
by this study contribute to the higher precision of
the IQCODE-16 by lessening the influences of

personal and affective factors on the informant’s
observation.

It should be noted that the Rasch solution fit in
Truong and colleagues’21 study was not replicated in
this study, possibly because we used different DIF
factors in the current study. Also, the differences
between the original conversion algorithm generated by
Truong and colleagues21 and the one generated in the
current study are marginal, meaning both conversion
tables can be used for ordinal-to-interval transforma-
tions of the data. However, the current conversion table
has a higher degree of generalizability across different
samples and is more robust with regard to personal fac-
tors such as participants’ age and sex. Moreover, the
Rasch solution used in this study also worked well with
the MAS sample used in Truong and colleagues’21

study, even with different personal factors (i.e. informant
age and sex), suggesting the conversion table produced
in the current study is a superior option.

Each individual item of the original IQCODE-16
varies by its degree of difficulty, and hence contrib-
utes uniquely to the raw score, which should be
considered when computing the overall score.40

Traditional methods (e.g. classical test theory or
generalizability theory) do not account for unequal
contribution of items to the total score, while our

Figure 2 Person-item threshold distribution of the model fit analyses of the IQCODE-16 across four samples. CLS, Canberra Longitudinal
Study; MAS, Memory and Ageing Study; OATS, Older Australian Twins Study.
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interval-transformed scores generated by Rasch
analyses can precisely estimate the unique contri-
bution of each item to the overall assessment
score, therefore contributing to higher accuracy of
assessment. Studies suggest that Rasch interval-
transformed data are more likely to reflect the CC
levels of an individual accurately.21,56 As such, using
Rasch interval-transformed data is crucial because it
decreases measurement error associated with raw
ordinal scores.57 Besides, such interval-level data are
also suitable for conducting parametric statistics or
statistical comparisons against other interval mea-
surements (e.g. biomarkers, and electrophysiological
and neuroimaging data) and may increase reliability
and validity of the results because using interval data
can avoid the violations of arithmetic assumptions
inherent in ordinal data.56

The main strength of this study was the applica-
tion of Rasch analysis methodology to the IQCODE-

16 across several cohorts using an appropriate
sample size that allowed us to minimize both Type I
and Type II errors. Type I error occurs due to inflated
chi-square statistics in RUMM2030 if the sample
size exceeds 500 cases, while Type 2 error is com-
mon in smaller samples below 250 cases, as this
limits the robustness of the item calibration.49,50 In
addition, this study is novel as, to date, there have
been no replication studies using Rasch analysis to
re-evaluate the psychometric properties of the
16-item version of the IQCODE. Moreover, this
study found that the modified 16-item IQCODE
works equally well across all samples and personal
factors of the participants (i.e. participants’ age
and gender) which were not investigated in the pre-
vious study.

However, there are limitations which should be
acknowledged. Although we considered older adults
across three cohort studies, they were all Australian

Table 3 Converting ordinal scores into interval-level scores for the IQCODE-16

Raw scores Logits Interval scores Raw scores Logits Interval scores

1.00 �6.02 1.00 3.06 �0.10 2.79
1.06 �5.57 1.14 3.13 0.33 2.92
1.13 �5.28 1.22 3.19 0.73 3.04
1.19 �5.10 1.28 3.25 1.11 3.16
1.25 �4.96 1.32 3.31 1.46 3.26
1.31 �4.84 1.35 3.38 1.78 3.36
1.38 �4.74 1.39 3.44 2.07 3.45
1.44 �4.65 1.41 3.50 2.33 3.53
1.50 �4.56 1.44 3.56 2.56 3.60
1.56 �4.48 1.47 3.63 2.77 3.66
1.63 �4.39 1.49 3.69 2.97 3.72
1.69 �4.31 1.52 3.75 3.15 3.78
1.75 �4.23 1.54 3.81 3.32 3.83
1.81 �4.15 1.56 3.88 3.47 3.87
1.88 �4.07 1.59 3.94 3.61 3.92
1.94 �3.99 1.61 4.00 3.75 3.96
2.00 �3.90 1.64 4.06 3.87 3.99
2.06 �3.81 1.67 4.13 3.99 4.03
2.13 �3.71 1.70 4.19 4.11 4.06
2.19 �3.60 1.73 4.25 4.22 4.10
2.25 �3.48 1.77 4.31 4.32 4.13
2.31 �3.35 1.81 4.38 4.43 4.16
2.38 �3.21 1.85 4.44 4.54 4.19
2.44 �3.06 1.90 4.50 4.65 4.23
2.50 �2.89 1.95 4.56 4.77 4.27
2.56 �2.71 2.00 4.63 4.90 4.31
2.63 �2.50 2.06 4.69 5.06 4.35
2.69 �2.27 2.14 4.75 5.24 4.41
2.75 �2.00 2.22 4.81 5.48 4.48
2.81 �1.69 2.31 4.88 5.81 4.58
2.88 �1.33 2.42 4.94 6.34 4.74
2.94 �0.94 2.54 5.00 7.20 5.00
3.00 �0.52 2.66

Abbreviation: IQCODE-16, 16-item Informant Questionnaire on Cognitive Decline in the Elderly.
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studies and may therefore not be representative of
older adults in other regions, especially those in lower
income countries. Therefore, this study should be
replicated in different samples with different personal
factors to investigate potential DIFs, for example, older
adults from non-English speaking countries, or in low-
and middle-income countries. It should also be noted
that this study inclusively focused on reliability and
internal validity because external validity of the
IQCODE-16 is well established by other studies.5,22,23

In conclusion, the findings of this study demon-
strated the reliability and internal validity of the
informant-reported IQCODE-16 measure of CCs
across older Australians. Our modification of the
IQCODE-16, made using Rasch analyses, resolved
local dependency issues and established scale
invariance across different samples and personal fac-
tors. This allowed us to generate transformation
tables to convert raw ordinal scores into interval-level
data, which improves the precision of measurement.
The interval-transformation table is more robust com-
pared to a corresponding table generated in a previ-
ous study by our group. Clinicians and researchers
can employ the IQCODE-16 in a variety of contexts
with higher precision by using the conversion table
published here, without needing any modification to
the original IQCODE-16 administration format.
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