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Abstract

Objective: This study aimed to investigate psychometric properties and enhance precision of the 16-item
Informant Questionnaire on Cognitive Decline in the Elderly (IQCODE-16) up to interval-level scale using
Rasch methodology.

Design: Partial Credit Rasch model was applied to the IQCODE-16 scores using longitudinal data spanning 10
years of biennial follow-up.

Setting: Community-dwelling older adults aged 70–90 years and their informants, living in Sydney, Australia,
participated in the longitudinal Sydney Memory and Ageing Study (MAS).

Participants: The sample included 400 participants of the MAS aged 70 years and older, 109 out of those were
diagnosed with dementia 10 years after the baseline assessment.

Measurements: The IQCODE-16.

Results: Initial analysis indicated excellent reliability of the IQCODE-16, Person Separation Index (PSI) =
0.92, but there were four misfitting items and local dependency issues. Combining locally dependent items into
four super-items resulted in the best Rasch model fit with no misfitting or locally dependent items, strict
unidimensionality, strong reliability, and invariance across person factors such as participants’ diagnosis and
relationship to their informants, as well as informants’ age and sex. This permitted the generation of conversion
algorithms to transform ordinal scores into interval data to enhance precision of measurement.
Conclusions: The IQCODE-16 demonstrated strong reliability and satisfied expectations of the unidimensional
Rasch model after minor modifications. Ordinal-to-interval transformation tables published here can be used to
increase accuracy of the IQCODE-16 without altering its current format. These findings could contribute to
enhancement of precision in assessing clinical conditions such as cognitive decline in older people.
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Introduction

Older adults frequently report subjective cognitive
complaints (SCC), which may reflect self-
estimations of changes in cognitive functions.

SCC can be reported by an individual or by their
close kin, friends or caregivers, referred to as
informants (Brodaty et al., 2002; Jorm et al.,
1991). SCC contribute to a diagnosis of Subjective
Cognitive Decline (SCD), which are cognitive
complaints in the absence of impaired cognitive
performance (Centers for Disease Control and Pre-
vention, 2019). SCD is thought to be a pre-mild
cognitive impairment (MCI) stage of dementia
(Jessen et al., 2014). Therefore, SCC also contribute
to screening and diagnosis of MCI.
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Recent studies have shown that self- and
informant-reported SCC, in the absence of impaired
performance, predict steeper rates of cognitive
decline and incident dementia 6 years prior to onset
(Numbers et al., 2020) and are related to the pres-
ence of Alzheimer’s disease dementia biomarkers
such as amyloid plaques in the brain, tau proteins in
cerebral spinal fluid (Amariglio et al., 2015; Sierra-
Rio et al., 2016), and atrophy and/or hypometabo-
lism (Jessen et al., 2014; Striepens et al., 2010).
Together, these data suggest that SCC may be
reflect the earliest detectable stage of dementia
(Skoog et al., 2017). Moreover, SCC are quick
and easy to capture and may provide insight into
cognitive changes over and above those captured by
more time-consuming and costly formal standard-
ized neuropsychological testing (Numbers et al.,
2020).

More recently, researchers have begun examin-
ing the predictive utility of self- versus informant-
reported SCC, and their association with cognitive
performance and/or future decline. In the MAS
study, SCC were measured over 10 years using
two scales: the participant-reported MAC-Q and
the informant-reported Informant Questionnaire
on Cognitive Decline in the Elderly (IQCODE)
(Sachdev et al., 2010). Self-reported SCC are often
highly correlated with an individual’s mood, person-
ality traits (under/over-complaining behaviors), life
events, and medications (Buckley et al., 2015a;
Ponds and Jolles, 1996) and can be impacted by
loss of insight that occurs at later stages of dementia
(Buckley et al., 2015b). Attention has turned toward
exploring the utility of informant-reported SCC
regarding the participant, with results suggesting
informant reports may be better indicators of objec-
tive performance than self-reports. Indeed, previous
studies using the same sample have shown that
informant IQCODE scores are a more reliable
approximation of actual cognitive performance
than self-reported SCC (Slavin et al., 2015; Truong
et al., 2021) and are more predictive of future
cognitive decline and incident dementia (Numbers
et al., 2020). Further, confirmation of cognitive
changes from an informant are now a key SCD-
plus criteria − or a feature of SCC that increases the
likelihood of preclinical AD − according to the
Subjective Cognitive Decline Initiative (SCD-I)
(Jessen et al., 2014). Therefore, informant-reported
SCC may be more accurate representations of cog-
nitive decline as they are not subject to such biases.
Indeed, in clinical contexts, informant SCC reports
are reliably used as individuals begin losing insight
into their cognitive changes over the progress
of preclinical stages and the debilitating course
of dementia (American Psychiatric Associa-
tion, 1994).

The IQCODE (Jorm et al., 1991) is a well-
established psychometric informant-reported mea-
sure of SCC with 26 items. The short 16-item scale
version of the IQCODE (IQCODE-16; Jorm, 1994)
is a widely used SCC assessment instrument, which
has demonstrated comparable reliability to the orig-
inal version with Cronbach’s alpha ranging from
0.93 to 0.97 (Harrison et al., 2015; Jorm, 1994;
Phung et al., 2015). The IQCODE-16 is completed
by informants who are caregivers, close kin, or
friends of the individual and know themwell enough
to comment on their memory (Jorm, 1994). Studies
have shown that the IQCODE-16 predicts incident
dementia and can be used as a screening tool for
dementia (Park, 2017; Perroco et al., 2008). How-
ever, the differences between response options of an
ordinal scale (e.g. 1 and 2 vs 2 and 3) may not reflect
the same amount of clinical change compared to the
interval scale, especially as individual items may
contribute different amount of information about
the latent trait to the overall assessment score (Ho-
bart and Cano, 2009). Therefore, psychometric
properties of the IQCODE-16 should be thoroughly
examined in order to improve the precision of the
instrument up to an interval measure by utilizing an
advanced methodology such as Rasch analysis
(Rasch, 1960; Tennant and Conaghan, 2007).

Rasch analysis is a powerful statistical method
used to examine reliability and internal validity of
psychometric instruments, as well as their specific
psychometric properties such as functioning of indi-
vidual items (Rasch, 1960; 1961) that has increas-
ingly become a gold standard in clinical assessments
(Hobart and Cano, 2009; Lundgren-Nilsson and
Tennant, 2011). Rasch model is unidimensional
and based on assumptions that the response to
any specific item of a scale is determined by both
an individual’s ability and an item’s difficulty
(Rasch, 1960; 1961). While every ordinal item in
an instrument usually has the same categorical va-
lues, the total scale scoremay be biased because each
individual item has a different contribution to the
overall latent trait (i.e. SCC levels) represented by
items of a scale (Rasch, 1960). Moreover, the dif-
ferences between response options of individual
items reflect varying levels of clinically important
change (Masters, 1982). Rasch analysis can reduce
these biases by estimating precise thresholds
between response categories of individual items
and the unique contribution of each individual
item to the overarching trait being measured (Stucki
et al., 1996). Such precise estimations are possible
because most individuals get higher scores on the
easy items, while only a few score highly on difficult
items (Tennant and Conaghan, 2007). When data
fit to the Rasch model, ordinal scores can be con-
verted into interval-level data by accounting for item
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difficulty and person ability, hence increasing the
precision of measurement that was demonstrated in
a number of studies across different areas of clinical
assessments at both the group and individual level
(Norquist et al., 2004).

Other statistical methods such as Classical Test
Theory and its extension, Generalisability Theory
(Cronbach et al., 1963), are not able to estimate the
contribution of each individual item of the scale to
the overall latent trait because they do not differen-
tiate between item difficulty based on individual
ability (Fox and Jones, 1998). An item-person
threshold distribution is another advanced feature
of the Rasch analysis that can graphically show how
the range of item difficulties covers range of persons’
ability. This graphic is useful to detect potentially
significant ceiling or floor effects.

However, no Rasch analysis has been conducted
on the English scale version of the IQCODE-16 to
further enhance its accuracy up to interval-level
scale more suitable for parametric statistics and
clinical evaluations. In fact, only one study to date
has applied Rasch analysis to investigate the psycho-
metric properties of the 26-item Chinese version of
IQCODE in a Chinese sample (Tang et al., 2004).
Although this study concluded that 4 out of the 26
items had statistically inadequate fit and should be
removed from the scale, the authors did not modify
the scale to enhance its psychometric properties.
These four misfitting items were already excluded
in the 16-item English version of the IQCODE,
which was developed earlier (Jorm, 1994).

Nonetheless, Tang et al.’s (2004) study findings
are not applicable to the English version of the
IQCODE and may not be generalizable to older
adults with and without cognitive impairment as the
sample was selectively comprised of Chinese stroke
survivors and their informants. Moreover, Person
Separation Index (PSI) was not reported in this
study, even though it is an essential reliability esti-
mate in Rasch analysis (Tennant and Conaghan,
2007). PSI is considered a reliable alternative to
sensitivity analysis because it reflects the IQCODE’s
ability to distinguish between individual SCC levels
(Fisher, 1992). Finally, Tang et al. (2004) did not
generate converging tables to transform raw scores
into interval-level data. Such converging tables have
been recommended in the recent reporting guide-
lines as essential for Rasch analytic studies (Leung
et al., 2014) as they allow clinicians and researchers
to transform raw scores into interval-level data to
achieve higher precision of the scale without modi-
fying the scale’s original response format (Merkin
et al., 2020).

Given no study to date has applied Rash analysis
to the English version of the IQCODE-16, and
several shortcomings of the Tang et al. (2004)

study’s methodology, the aim of the current study
was to apply Rasch methodology to investigate and
enhance psychometric properties of the 16-item
IQCODE. This is also important because cross-
sectional SCCprovided by a patientmay be different
from informant-reported scores that are considered
more reliable. We have also considered that the
longitudinal (10 years) informant-based history cap-
tured by the IQCODE may have impact on assess-
ment scores and included two independent samples
from the first and the last wave (10 years apart) in the
analysis to address this issue. A secondary aimwas to
produce convention tables that can be used to con-
vert raw scores into interval-level data to enhance the
precision of the scale, if an acceptable fit to the Rasch
model is achieved.

Method

Participants
Participants were drawn from the Sydney Memory
and Ageing Study (MAS), a longitudinal study of
cognitive aging that included a baseline sample of
1037 community-dwelling older adults aged
between 70 and 90 years, without dementia. MAS
participants were recruited from the Eastern sub-
urbs of Sydney, Australia, between 2005 and 2007
(Sachdev et al., 2010). The vast majority of partici-
pants identified as European (98%), with 1% iden-
tifying as Asian, and 1.1% as other or not revealed.
Most participants (97.3%) had informants, who
were a close friend or family member that knew
the participant sufficiently well to answer questions
relating to the participant’s memory, thinking, and
daily functioning. Informants were required to have
at least 1 h of contact with the participant per week;
on average they had 8.3 h of weekly contact. Parti-
cipants and informants were interviewed biennially
from wave 1 (baseline) to wave 6 (10-year follow-
up). All participants and informants provided writ-
ten consent to participate in this study, which was
approved by the University of New South Wales
Human Ethics Review Committee (HC 05037,
09382, 14327).

Figure 1 presents the consort diagram of how
participants were selected for Rasch analysis. To
control for differential item functioning (DIF)
between participants who went on to be diagnosed
as normal versus dementia at the latest wave, we
included all IQCODE-16 reports of participants
who were diagnosed with dementia at wave 6
(n= 109). Studies indicated that the appropriate
sample size for Rasch analysis is between 250 and
500 participants, because it allows a researcher to
minimize Type I and Type II errors with question-
naires consisting of 15–20 items (Azizan et al., 2020;
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Hagell andWestergren, 2016). Therefore, to ensure
unique participants in the sample and an appropriate
sample size of 400 participants for Rasch analysis,
291 participants were then randomly selected at
wave 1, after excluding data from participants
who were diagnosed with dementia at wave 6. In-
formants in the selected sample were 121 males
(30.3%) and 277 females (69.3%). Informant ages
ranged from 24 to 95 years, with amean age of 62.02
years (standard deviation, SD= 14.48). Ninety-
eight informants were participants’ spouses, 125
were participants’ children, 2 were grandchildren,
7 were siblings, 16 were other relatives (e.g. niece),
64 were close friends, and 88 were “other.”Missing
data in the extracted sample comprised less than
0.01% and were completely at random.

Measure
The IQCODE-16 (Jorm, 1994) consists of 16 items
that assess informant-reported SCC levels of parti-
cipants. To complete the IQCODE-16, informants
are asked questions about how the participants’
memory and cognitive function have changed,
regardless of their (participants’) premorbid intelli-
gence or education (Park, 2017). Items are scored
on a 5-point Likert scale with options ranging from
1 = “much improved” to 5 = “much worse.” For
example, item 1 is “Remembering things about
family and friends (e.g. occupations, birthdays,
addresses).”

Data analyses
IBM SPSS v.27 was used to compute descriptive
statistics including means, SD, and Cronbach’s

alpha for the IQCODE-16. RUMM2030 software
package (Andrich et al., 2009) was used to conduct
Rasch analyses by following the recommendations
of Tennant and Conaghan (2007) and standardized
criteria to evaluate the Rasch model fit as described
elsewhere (Leung et al., 2014). As individual IQ-
CODE-16 items were polytomous, a likelihood-
ratio test was conducted to identify an appropriate
polytomous Rasch model for analyses, the partial
credit model (Masters, 1982) or the rating scale
model (Andrich, 1978). While the rating scale
model implies that response categories across all
individual scale items have the same rating scale
structure, the partial credit model is unrestricted
and assumes that each individual item has its own
unique response options structure (Linacre, 2000).
The likelihood-ratio test examines similarity
between thresholds of individual items. If threshold
distances are significantly different across individual
items, the partial credit model should be used
(Lundgren-Nilsson and Tennant, 2011). Other-
wise, the rating scale model would be suitable (Ten-
nant and Conaghan, 2007).

Rasch analysis was iterative and continued until
the best model fit was achieved. The overall model
fit requires the estimate of item-trait interaction to
be not significant, which is reflected by chi-square
index (p> 0.05). The fit residuals for individual
items were evaluated to detect item misfit (i.e.
item fit residuals should be between − 2.50 and
+ 2.50). The residual correlations between individ-
ual items were then examined and those that had
values above 0.20 were considered as indicative of
local dependency (Christensen et al., 2013). DIF
due to relevant individual characteristics (i.e.

Data from the MAS study (n=1037)

Selected for Rasch analysis (n=400)

Completed IQCODE-16 (n=109)

Diagnosed with dementia at wave 6 
(n=124)

Selected participants at wave 1 (n=814)
� Excluded 124 participants’ who 

received a dementia diagnoses by 
wave 6

� Excluded 61 participants who had 
incomplete or missing IQCODE-16 
data

Randomly selected (n=291)

Figure 1. CONSORT flow diagram of participants selected for Rasch analysis of the IQCODE-16.
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personal factors) were also tested to identify whether
all items were invariant across different groups (e.g.
age, sex). Generally, the scale meets expectations of
the Rasch model if there are no significant interac-
tions between items and the latent trait, nomisfitting
items, no local dependency and/or DIF, and unidi-
mensionality is evident (Leung et al., 2014). Unidi-
mensionality was examined using the principal
component analysis of the residuals and paired
t-test following the method developed by Smith
(2002). In addition, PSI was used to evaluate reli-
ability in Rasch analysis, which is not the Rasch
model fit criteria but reflects how well the scale
discriminates between individuals with different le-
vels of the latent trait (e.g. SCC). PSI is interpreted
somewhat similar to Cronbach’s alpha with values
above 0.70 indicating acceptable reliability for group
assessments and 0.80 and higher for individual
assessments (Medvedev et al., 2018).

In this study, super-items were created by com-
bining locally dependent items together to improve
the Rasch model fit (Lundgren-Nilsson et al., 2013;
Medvedev et al., 2018). When the Rasch model fit
was satisfactory, the person-item thresholds distri-
bution was examined showing how well items
thresholds of the IQCODE-16 cover SCC levels
of the sample. Lastly, the transformation table was
produced to convert raw scores into interval-level
data to increase the precision of assessment. Statis-
tical significance was estimated using the conven-
tional cut-off point of p-value > 0.05.

Results

The IQCODE-16 (M= 52.45, SD= 7.98) showed
satisfactory internal reliability, with Cronbach’s
alpha value of 0.96, which is consistent with previous
validation reports (Harrison et al., 2015; Phung
et al., 2015).

A likelihood-ratio test showed significant differ-
ences between thresholds across individual IQ-
CODE-16 items, χ2(44) = 150.57, p< 0.001,
which means that the unrestricted partial credit
model was more appropriate to use for the data of
this study. Table 1 displays the overall model fit

estimates of the initial, second, and third Rasch
analyses of the IQCODE-16. As can be seen, initial
analysis (A1) indicated excellent reliability PSI=
0.92 for the full IQCODE-16 and the overall fit
to the Rasch model was acceptable as indicated by
nonsignificant chi-square, χ2(80) = 92.23, p= 0.16.
Table 2 presents estimates of the initial Rasch anal-
ysis for individual items including item location, fit
residual, and chi-square values. There are four items
(i.e. item 3, 10, 12, and 15) with significant misfit to
the model.

The residual correlation matrix was also exam-
ined and showed that local dependency between
several items was above 0.20. For example, the
residual correlation between item 9 and 10 was
0.52, and between item 1 and 2, and 2 and 3,
were both 0.32. Combining locally dependent items
into super-items can reduce measurement error as
well as improve individual items and the overall
model fit (Lundgren-Nilsson et al., 2013;Medvedev
et al., 2018; Merkin et al., 2020). Therefore, five
super-items comprised of locally dependent items
were created: super-item 1 (Items 1&9); super-item
2 (2&13); super-item 3 (3&14); super-item 4 (6&7);
and super-item 5 (10&11). This improved the over-
all model fit (see Table 1, analysis A2) with no
change of reliability and acceptable unidimension-
ality (4.6% of significant t-tests). However, the
residual correlation between super-item 1 and
super-item 3 was still above 0.20, which indicated
local dependency. To address this issue, the third
analysis (A3) was conducted with four super-items
(i.e. super-item 1: items 2, 3, 13, & 14; super-item 2:
items 1 & 9; super-item 3: items 6 & 7, and super-
item 4: items 10 & 11). This analysis resulted in
strict unidimensionality and excellent reliability (see
Table 1). Besides that, examination of the residual
correlations indicated no local dependency and no
DIF amongst items/super-items by personal factors.
Therefore, this analysis (A3) achieved the best
Rasch model fit for the IQCODE in the current
sample.

Figure 2 presents person-item threshold distri-
bution from the analysis of the best model fit (analy-
sis A3) for the IQCODE-16. It shows that the scale’s
thresholds satisfactory cover SCC levels of the

Table 1. Summary of fit statistics for the initial, second, and third Rasch analyses of the IQCODE-16 (n= 400)

PERSON MEAN GOODNESS OF FIT

SIGNIFICANT T-TESTS

(UNIDIMENSIONALITY)

ANALYSES VALUE/SD χ2 (df) P PSI % LOWER BOUND
...................................................................................................................................................................................................................................................................................................................................

Initial (A1) 1.41 2.26 92.23(80) 0.16 0.92 5.5 3.4 (YES)
Second (A2) 1.36 2.22 85.70(86) 0.49 0.92 6.8 4.6 (YES)
Third (A3) 1.26 2.11 81.32 (78) 0.38 0.92 4.3 2.1 (STRICT)
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sample and there are no significant ceiling or floor
effects. The sample mean is higher than the item
means, reflecting the overall higher SCC levels of the
sample due to inclusion of the subsample of parti-
cipants with dementia diagnosis, though the mode
was just below zero mark.

The third analysis (A3) for the IQCODE-16
demonstrated the best Rasch model fit that permit-
ted conversion of raw ordinal IQCODE-16 scores
into interval-level data. Table 3 displays Rasch ordi-
nal-to-interval transformation table developed for
the IQCODE-16 based on person estimates of
the model.

Paired sample t-tests were used to examine the
difference between IQCODE-16 raw scores and
interval transform scores at wave 6 because at this
wavemore participants were diagnosed with demen-
tia (n= 124). The results revealed that for the full
sample, ordinal raw scores (M= 53.22, SD= 7.79)
were significantly lower compared to interval-level
Rasch scores (M= 53.53, SD= 8.24) as evidenced
by the test statistics (t(337) = − 3.21, p= 0.001).
Similarly, ordinal raw scores (M= 61.12,
SD= 10.13) were significantly lower compared to
interval-transformed scores (M= 61.71, SD= 9.53)
in the subsample consisted of those who were

Table 2. Rasch model fit statistics including item locations, fit residuals, and chi-square for the initial analysis of
the IQCODE-16 individual items

ITEM

ITEM

LOCATION

ITEM-FIT

RESIDUAL

CHI-
SQUARE

...................................................................................................................................................................................................................................................................................................................................

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

− 0.01 − 1.66 5.58

2. Remembering things that have happened recently − 0.03 − 2.52 6.72
3. Recalling conversations a few days later − 0.91 − 4.09* 6.02
4. Remembering his/her address and telephone number 0.59 0.48 8.87
5. Remembering what day and month it is 0.15 − 2.15 3.48
6. Remembering where things are usually kept − 0.61 − 1.45 1.11
7. Remembering where to find things which have been put in a different place from

usual
− 1.04 − 2.23 20.47

8. Knowing how to work familiar machines around the house 0.04 − 2.07 3.88
9. Learning to use a new gadget or machine around the house − 0.34 − 2.35 7.52
10. Learning new things in general − 0.30 − 4.05* 4.60
11. Following a story in a book or on TV 0.13 − 2.32 1.38
12. Making decisions on everyday matters <0.01 − 3.67* 2.68
13. Handling money for shopping 0.55 − 0.51 7.43
14. Handling financial matters, for example, the pension, dealing with the bank 0.76 − 1.84 2.98
15. Handling other everyday arithmetic problems (e.g. knowing how much food to

buy, knowing how long between visits from family or friends)
0.28 − 2.84* 7.05

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

0.72 − 1.71 2.43

*Significant misfit to the Rasch model.

Figure 2. Person-item threshold distribution of the best model fit analysis (A3) of the IQCODE-16.
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diagnosed with dementia at wave 6 (t(81) = − 2.52,
p= 0.01) but not in the subsample of those whowere
not dementia diagnosed (p> 0.05).

Discussion

The IQCODE-16 is one of the most widely used
tools to assess SCC levels in older persons. This
study applied Rasch analysis to investigate psycho-
metric properties of the IQCODE-16 and derived
ordinal-to-interval conversion tables to enhance pre-
cision of the instrument. Achieving excellent reli-
ability (PSI= 0.92) in this study provides further
empirical evidence to support the robust psycho-
metric properties of the 16-item IQCODE and
suitability of the modified scale for both individual
and group assessment. Other findings of the current
study demonstrated that the IQCODE-16, reorga-
nized into super-items, achieved the best fit to the
unidimensional Rasch model, which then permitted

us to improve precision of the measure using the
ordinal-to-interval conversion algorithms presented
in Table 3. Such transformation is important
because individual items of ordinal scales such as
the IQCODE-16 have varying degrees of difficulty
and thus, each item contributes uniquely to the total
score, which should be accounted for (Stucki et al.,
1996). As such, using Rasch transformation
tables decreases measurement error associated
with ordinal scales scores (Medvedev et al., 2017).
We have also demonstrated that the ordinal scale
bias was statistically significant in the current study
as evident by paired t-tests comparing raw scores
and interval-transformed scores converted to the
same scale range in the total sample and
dementia-diagnosed subsample. The ordinal IQ-
CODE raw scores were significantly lower than
interval-level scores in the sample of participants
who were diagnosed with dementia, though the
effect size of this difference was relatively small.
However, this illustrates that using IQCODE-16

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

RAW SCORES LOGITS INTERVAL SCORES RAW SCORES LOGITS INTERVAL SCORES
...................................................................................................................................................................................................................................................................................................................................

16 − 7.65 16.00 49 0.15 48.58
17 − 6.93 19.01 50 0.58 50.38
18 − 6.45 21.01 51 0.99 52.09
19 − 6.13 22.34 52 1.38 53.69
20 − 5.89 23.37 53 1.73 55.18
21 − 5.68 24.24 54 2.06 56.53
22 − 5.49 25.01 55 2.35 57.76
23 − 5.32 25.72 56 2.61 58.86
24 − 5.17 26.38 57 2.85 59.86
25 − 5.02 27.01 58 3.07 60.76
26 − 4.87 27.60 59 3.27 61.59
27 − 4.74 28.17 60 3.45 62.36
28 − 4.61 28.72 61 3.62 63.07
29 − 4.48 29.25 62 3.78 63.74
30 − 4.35 29.78 63 3.93 64.36
31 − 4.23 30.30 64 4.07 64.96
32 − 4.10 30.83 65 4.21 65.53
33 − 3.97 31.37 66 4.34 66.07
34 − 3.84 31.93 67 4.47 66.61
35 − 3.70 32.51 68 4.60 67.13
36 − 3.55 33.12 69 4.72 67.65
37 − 3.40 33.76 70 4.85 68.18
38 − 3.23 34.45 71 4.97 68.71
39 − 3.06 35.18 72 5.11 69.26
40 − 2.87 35.98 73 5.25 69.85
41 − 2.66 36.86 74 5.40 70.50
42 − 2.42 37.83 75 5.57 71.22
43 − 2.16 38.92 76 5.78 72.07
44 − 1.86 40.16 77 6.03 73.13
45 − 1.53 41.56 78 6.37 74.55
46 − 1.15 43.14 79 6.89 76.71
47 − 0.74 44.87 80 7.68 80.00
48 − 0.29 46.72
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ordinal scores may impact on the results if conduct-
ing parametric statistical tests. An extensive litera-
ture on Rasch methodology suggests that the
interval-level scores derived from Rasch analyses
may more accurately reflect an individual’s level
of SCC and could thus be used to conduct paramet-
ric statistics without violating their arithmetic as-
sumptions (Leung, 2011).

Interval-level data of the IQCODE-16 can also be
used for valid statistical comparisons with other
interval measures like electrophysiological and neu-
roimaging data and biomarkers, and earlier col-
lected data can be reanalyzed/replicated to
increase reliability and validity of the results. Fur-
ther, transforming the IQCODE-16 ordinal scores
into interval data is user-friendly and does not
require expertise in statistics, meaning that research-
ers can easily determine an individual’s interval
score based on their raw IQCODE-16 score simply
by referring to the data in Table 3. Moreover, an
ordinal-to-interval conversion Syntax file in IBM
SPSS format is available as a Supplemental file to
simplify the conversion for researchers working with
large datasets.

Ordinal-to-interval transformation tables also
have important clinical implications as our study
offers a parsimonious tool to assist clinicians in
determining presence and severity of SCC.
Although the evidence supported reliability and
validity of the original IQCODE scores in the
clinical context, these scores constitute an ordinal
measure. For example, if a participant A has an
IQCODE score of 32, they are at less risk to have
cognitive impairment (e.g. dementia) compared to
participant B who scores 59. Assume, then, that
both participants A and B engage in the therapeutic
intervention, and participant A’s score reduces to
22 and participant B’s score reduces to 49. We can
see that both participants have their scores
decreased by 10 points on the IQCODE ordinal
scale. When using the Rasch interval transformed
scores, participant A’s score has decreased by 5.82
points, while participant B’s scores has decreased
by 13.01 points. This shows that participant B’s
reduction in SCC level is more considerable com-
pared to the participant A, meaning that one can
more accurately detect and evaluate real change
when using Rasch measurement with interval-
transformed data. When using the IQCODE to
identify who does or does not meet screening
criteria (e.g. cognitive decline), clinicians do not
need to transform the ordinal scores because they
work well for this purpose. The transformed scores
should be used in clinical context where the IQ-
CODE is used both for screening and outcome
monitoring, but it should be noted that it is also

important to convert the criterion in the interval
metrics for relative evaluation.

Strengths
The main strength of this study was the application
of modern and robust Rasch methodology to an
adequate sample size within an optimal range
(250 < n ≤ 500) that permitted minimizing Type
I and Type II errors with questionnaires consisting
of 15–20 items (Azizan et al., 2020; Hagell and
Westergren, 2016). Besides that, this study is also
novel in several ways. First, to date, there have been
no studies investigating the psychometric properties
of the 16-itemEnglish version of the IQCODEusing
Rasch methodology. Combining locally dependent
items into four super-items resolved local depen-
dency problems that can produce spurious correla-
tions affecting scale accuracy and the Rasch model
fit (Medvedev et al., 2018). Appropriateness of using
super-items in the current study was further sup-
ported by strict unidimensionality and invariance of
the modified 16-item IQCODE, because research
has shown that multidimensional scales cannot gen-
erate super-items with an adequate Rasch model fit
(Mitchell-Parker et al., 2018). In addition, the
achievement of strict unidimensionality and invari-
ance across all personal factors of the modified
IQCODE-16 also indicated that the modified
16-item IQCODE works equally well for both
healthy older persons and those with a diagnosis
of dementia and is not impacted by the informant’s
gender, age, or relationship to the individual. It
should be noted that the IQCODE-16’s modifica-
tions were implemented internally and work if the
ordinal-to-interval conversion tables are applied,
which does not require modifications of the original
administration format of the scale.

Limitations
Our study is not without some limitations, which
should be acknowledged. Data used for the current
study’s analyses are highly homogenous and not
representative of all older adults, given MAS study
participants and informants were recruited from an
affluent area of Sydney, Australia, with a predomi-
nantly White European ethnic group. Clinical
research from culturally diverse data provides sup-
port for use of the IQCODE-16 to detect early stages
of dementia, as there may be cultural variations
across a range of health issues (Choo et al., 2017).
Additionally, it is worth noting that there was unbal-
ance between informant genders, 693 (68.7%) and
277 (69.3%) females in the original sample and in
the sample selected for Rasch analysis, respectively.
AlthoughRaschmethodology tends to be robust and
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less affected by sampling bias compared to other
methods (Hobart and Cano, 2009), the results of
this study should be replicated in a more diverse
sample to investigate potential DIF across sample
groups unrepresented in the current study. If DIF is
found for a specific group (e.g. other English-
speaking countries, less affluent groups, or samples
that are more balanced with respect to informant
genders or reflect other ethnic groups), an additional
conversion table could be produced for such group
to permit valid score comparisons across a wider
population.

Conclusion

In conclusion, the findings of this study indicate that
the IQCODE-16 is a reliable and valid assessment
tool for measuring SCC among older adults. Our
adjustments of the IQCODE-16, made by Rasch
analyses, resolved local dependency issues permit-
ting transformation of raw scores into interval-level
data, which improve the precision of measurement.
The interval-transformed data table allows both
clinicians and researchers to apply this sound psy-
chometric measurement in a variety of contexts with
higher precision, without needing any modification
to the original IQCODE-16 administration format.
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