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Abstract
Objective: Patient-reported cognitive function can be measured using negatively worded items
(concerns) and positively worded (abilities) items. It is possible that reporting abilities is less subject
to the influence of emotional states. This study evaluated the relationship between cognitive concerns
and cognitive abilities.

Methods: Cancer patients (N= 509; mean age = 61 years; 50% men; 86% White) completed con-
cerns and abilities items developed by the National Institutes of Health Patient-Reported Outcomes
Information System (PROMIS). Confirmatory factor analysis was used to evaluate the extent to which
items were loaded on one single factor (unidimensionality). Multidimensionality was evaluated using
bi-factor analysis (local factors: concerns and abilities). Slope parameters from multidimensional item
response theory (IRT) and unidimensional IRT were compared to evaluate which factor solution fits best.

Results: Acceptable fit indices were found in both one-factor confirmatory factor analysis (compar-
ative fit index (CFI) = 0.96; root mean squared error of approximation (RMSEA) = 0.062) and bi-factor
analysis (CFI= 0.98; RMSEA= 0.043). Thus, abilities and concerns could be considered as a single
dimension. Yet, high loadings on the local factor in bi-factor analysis and slope discrepancies between
unidimensional IRT and multidimensional IRT indicate that abilities should be considered as a
separate factor from concerns.

Conclusions: Concerns and abilities could be measured using one-unidimensional item bank.
Results also support measuring each construct separately. We recommend a conservative approach
by measuring and reporting concerns and abilities separately. We therefore recommend two separate
but co-calibrated item banks in the PROMIS network: cognitive function item bank—concerns and
cognitive function item bank—abilities. Both item banks showed good psychometric properties and
are available for research and clinical purposes.
Copyright © 2014 John Wiley & Sons, Ltd.

Introduction

Advances in the treatment of cancer have led to a steady
rise in the number of long-term cancer survivors [1]. Cancer
survivors have reported concerns about changes in cogni-
tive function following treatment, which compromise qual-
ity of life [2]. The contribution of cancer and its treatment to
cognitive impairment has increasingly become a focus for
research over the past decade [3,4]. Disease-related and
treatment-related impairments have been documented using
multiple approaches, including neuroimaging [5,6], neuro-
psychological tests [3,7], and patient report [8].
Given the importance of cognitive dysfunction to survi-

vor’s quality of life [2] and ability to function including
return to work [9,10], obtaining the patient’s perspective
is critical to fully understand this symptom [11,12]. Most
studies that have examined patient-reported cognitive
function have been conducted with breast cancer survi-
vors. A recently published systematic review identified
27 studies with breast cancer survivors [13]. Of these
studies, five utilized a longitudinal design that included

pre-treatment measures of cognitive function [14–18].
These studies demonstrated strong evidence for increased
cognitive problems immediately following systemic
treatment compared with baseline, although results over
time after treatment were less consistent. Compared with
population-based controls, breast cancer survivors of more
than 20 years post-adjuvant chemotherapy reported more
memory complaints but fewer symptoms of depression
[19]. Higher levels of the pro-inflammatory cytokine
tumor necrosis factor-alpha (TNF-α) were associated with
memory complaints among breast cancer survivors, and a
decline in TNF-α post-chemotherapy over 12 months was
associated with fewer memory complaints [20].
A systematic review of studies conducted with survi-

vors of various types of cancer that compared performance
on neuropsychological tests to patient-reported cognitive
dysfunction similarly found that a significant proportion
of patients reported cognitive impairments following
chemotherapy [8]. Although many studies included in this
review did not support correlations between patient-reported
cognitive dysfunction and neuropsychological test scores,
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Lai et al [21]. found that the correlation was as high as 0.66
for children with a brain tumor 1-year post-diagnosis.
Patient-reported cognitive problems have also been docu-
mented among survivors following stem cell transplant
[22], patients with central nervous system lymphoma in
remission [23], testicular cancer [24,25], and in a cross-
sectional sample of patients with various malignancies [26].

Conceptual differences between concerns and abilities

In many studies, patient-reported cognitive dysfunction
has demonstrated a significant association with emotional
distress [13]. An evaluation of the determinants of patient-
reported cognitive dysfunction among breast cancer
survivors identified chemotherapy regimen, a negative
affectivity personality trait, and current depression as related
to higher dysfunction [27]. In non-cancer populations,
negative affectivity has been found to introduce a bias with
regard to the reporting of physical symptoms [28]. Prone-
ness to negative affect is associated with reporting greater
symptom severity, particularly for vague symptoms [29].
On the basis of this, it is possible that negatively worded
problem-focused items (e.g., ‘I have had trouble con-
centrating’) are more likely to elicit negative affect than
positively worded ability items (e.g., ‘I am able to con-
centrate’). In our prior research, we have documented that
negatively worded items assessing cognitive dysfunction
represent a factor distinct from positively worded items that
assess cognitive abilities [30]. This distinction between
negatively and positively worded items has also been
observed with regard to the emotional impact of cancer
[31]. Given the association between patient-reported cogni-
tive dysfunction and clinically significant emotional states
including depression and anxiety [13], we hypothesized that
assessing cognitive abilities might contribute novel infor-
mation to our understanding of the effects of cancer and
treatment on cognitive function through reducing the bias
introduced by negative emotional states.
Research to date has been limited by the use of self-

reported cognition measures, further prohibiting compari-
son of results. Additionally, our review found that the
Functional Assessment of Cancer Therapy—Cognitive
Function (FACT-Cog) [32] is the only patient-reported
outcomes measure to include items that assess cognitive
abilities. Use of a common measure to assess patient-
reported cognitive function would help to advance this
line of research, and the inclusion of a scale to assess
cognitive abilities may help to better understand cognitive
function during and following cancer treatment from the
patient’s perspective. The Patient Reported Outcomes
Measurement and Information System (PROMIS, www.
nihpromis.org) is a National Institute of Health (NIH)
Roadmap initiative to develop item banks to measure
patient-reported symptoms and other aspects of health-
related quality of life across various condition and disease

populations. An item bank is comprised of items calibrated
by the item response theory (IRT) models [33–36]. These
items are concrete manifestations of positions along that
continuum that represent differing levels of that trait. A
psychometrically sound item bank can provide a basis for
designing the best set of questions for any particular appli-
cation such as computerized adaptive testing (CAT) and
static fixed-length short forms [37,38]. Both CAT and short
forms produce scores that are comparable regardless of the
specific questions asked of a given individual or group of
respondents and thus provide brief-yet-precise measures
that meet the needs of busy clinics [34,35,39]. This paper
reports the development of the PROMIS cognitive function
item banks, with focus on the dimensionality of such
banks by evaluating the relationship between self-reported
cognitive concerns and abilities.

Methods

Sample

Participants (N = 509) were recruited from (a) the Duke
Cancer Care Research Program in Durham, NC (n= 72),
(b) the Duke Tumor Registry (n= 283), and (c) NexCura,
a nationwide online registry of more than 500,000 cancer
patients (n= 154). Participants were eligible if they were
18 years or older, had a diagnosis of cancer, and were
fluent in English. Our sampling strategy aimed for repre-
sentation with regard to gender, race, tumor site, and treat-
ment status (i.e., receiving treatment vs. in post-treatment
follow-up). The Institutional Review Board approved the
study, and all participants provided informed consent.

Development of the cognitive function items

The item bank development processes are shown in
Figure 1. In brief, we started with developing a conceptual
model via literature review on cognitive domains and
health-related quality of life and feedback from experts.
Semi-structured individual interviews with oncology pro-
viders and cancer patients and focus groups conducted
with cancer patients were used to generate items appropri-
ate for cancer populations. These items were reviewed
by experts and patients and revised by the study team,
which resulted in 42 items all of which were negatively
worded (i.e., concern items). Psychometric properties of
these 42 items were evaluated on general oncology outpa-
tients, and a ceiling effect was identified. Consequently,
10 positively worded items (i.e., ability items) were added
with an attempt to minimize the ceiling effect, which
resulted in the FACT-Cog [32]. In 2009, we expanded the
FACT-Cog as part of the PROMIS effort by conducting an-
other series of cognitive interviews with patients, expert
panel review, and translatability review. According to inter-
view results, existing items were removed or revised, and
new items were written to capture concepts that were
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missing in the original item pool. The final item pool used in
the field testing consisted of 36 ability items and 42 concern
items, covering cognitive domains including mental acuity,
concentration, memory, verbal fluency, interference with
quality of life, comments from others, change from previous
functioning, and multi-tasking. On the basis of qualitative
input from patients on item readability and comprehension,
a five-point intensity rating scale (e.g., ‘I have been able to
concentrate’; 1 = not at all; 5 = very much) was used for
the abilities subset, whereas a five-point frequency rating
scale (e.g., ‘I have had trouble forming thoughts’; 1 = very
often; 5 = never) was used for the concerns subset.

Analysis

In this study, we evaluated the dimensionality of cognitive
function items using two approaches. One was a tradi-
tional approach, confirmatory factor analysis (CFA), in
which a single dimension was specified (i.e., concerns,
abilities, and concerns and abilities together), that is, all
items loaded on a single factor. The results were evaluated
using common criteria [40,41] including (a) loadings of all
of the items that are sufficiently large (criterion: R2> 0.3),
(b) root mean squared error of approximation (RMSEA)
<0.1, (c) comparative fit index (CFI)> 0.90, and (d) mod-
ification index (MI)< 10 [42,43]. We calculated residual
correlations between items and used a criterion of r< 0.2
to indicate local independence (i.e., no secondary factors
among items).
Cognition can be multidimensional in nature yet domi-

nated by a predominant factor and small factors beyond
the major factor. On the other hand, it is also possible
that data are multidimensional with strong factors beyond
the first factor. In the latter case, using unidimensional
IRT (UIRT)-based calibrations might result in reporting
errors. We therefore evaluated potential multidimen-
sionality among items using bi-factor analysis [43,44] and

multidimensional IRT (MIRT) [45,46] to evaluate whether
the degree of multidimensionality distorted the item para-
meters estimated by UIRT. Both bi-factor analysis and
MIRT include two classes of factors: a general factor (i.e.,
cognitive function) and two local factors (or sub-domains,
i.e., concerns and abilities). In a bi-factor analysis, a general
factor is defined by loadings from all of the items in the
pool, and local factors are defined by loadings from pre-
specified groups of items related to that local factor
[43,44]. The bi-factor model emphasizes factor loadings to
determine whether items are more reasonable as unidimen-
sional or multidimensional by comparing factor loadings of
the same item between local and general factors. Standard-
ized loadings that are salient (i.e., >0.3) for all the items
on the general factor would indicate that the general factor
is well defined even in the presence of the subdomain
factors [44]. Similarly, if the loadings of all the items on a
subdomain factor are salient, this would indicate that the
subdomain is well defined even in the presence of the
general factor. CFA and bi-factor analyses were conducted
using MPlus version 6 (Muthen & Muthen, Los Angeles,
CA, USA) with the implementation of the polychoric
correlation matrix and weighted least squares with adjust-
ments for mean and variance estimation, which is appro-
priate for the evaluation of ordered categorical data.
In IRT analysis, Samejima’s Graded Response Model

(GRM) [47,48], as implemented in the IRTPRO version
2.1 (Scientific Software International, Inc., Skokie, IL,
USA http://www.ssicentral.com) was used for parameter
estimation. For each item, the GRM estimates a slope or
discrimination parameter (a), which indicates the degree
of association between the item responses and the under-
lying construct and four thresholds (bk) (for five category
items) that reflect the degree of cognition (either concerns,
abilities, or the general factor cognitive function) where
the most probable response occurs in a given category or
higher. We then conducted MIRT analyses to evaluate

Figure 1. Development of the PROMIS cognitive function item banks
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whether forcing a potentially multidimensional item set
into an UIRT model distorted the parameter estimation.
Distorted item parameter estimations adversely affect
scoring and CAT administration [49,50]. To evaluate this,
we compared the slope parameters obtained from UIRT
and MIRT [51]. The statistical procedures used in MIRT
are so-called ‘item’ factor analysis that is an application
of multiple factor analysis directly to the item responses
rather than to test scores [50]. This model originated from
Gibbons and Hedeker [52] who derived an item response
model for binary response data exhibiting the bi-factor
structure, as mentioned in the previous paragraph, and
developed a practical method of item parameter estima-
tion. Gibbons et al [50]. extended this model to poly-
tomous items, which is the approach used in the current
study. Technical details of applying GRM in parameter
estimations for multidimensional items can be found in
Gibbons et al. [53] and are not repeated here.
Finally, we evaluated the convergent validity of the

resulting item banks by estimating the correlations with
the legacy measures, including two FACT-Cog subscales
[32] (Interference with Quality of Life and Comments from
Others), PROMIS global health—physical and mental and
cognition items included in the European Organization for
the Research and Treatment of Cancer Quality of Life
Questionnaire (EORTC QOL-C30) [54]. Analysis of
variance was used to evaluate whether concerns and
abilities differentiated patients with different clinical (e.g.,
treatment and performance rating) and demographic (e.g.,
gender and education) categories. Results from these
analyses will assist us in making a final decision regarding
whether to treat cognitive function as one single item bank
or as two separate banks that assess cognitive concerns
and cognitive abilities.

Results

Sample

Data from 509 cancer patients were analyzed. The average
age of participants was 60.6 years (SD= 11.8), 49.8%
were men, 85.5% White, 74.9% were married, and 85%
had at least some college. Cancer diagnoses for this
sample include 27.9% breast, 18.2% colon or rectum,
15.7% prostate, and 10.4% lung. Sixty-six percent of
patients reported lymph node involvement. Average time
since diagnosis was 56.9 months (range: 1–373). The
majority of participants reported normal activities without
(58.9%) or with (31.2%) symptoms. In terms of treatment
during the past month, 59.8% of the respondents had not
received any treatment for their cancer in the past month,
20.1% received chemotherapy alone (15.6%) or combined
with other treatment (4.52%), and 9.7% received hormonal
therapy (e.g., Tamoxifen, Arimidex, Aromasin, and Lupron).
The majority of the sample reported no problems in walking

about (82.1%), with self-care (97.5%), or with performing
usual activities (71.2%). Approximately half reported no
pain or discomfort (54.7%) and most denied feeling anxious
or depressed (69.0%).

Evaluation of unidimensionality

A series of factor analyses were conducted with concerns
and abilities being analyzed separately. Items with low R2

(<0.3) and/or high residual correlations (>0.2) were
reviewed and discussed by the study team to determine
their inclusion/exclusion based on item content. As a
result, concerns and abilities item banks consisted of 34
and 33 items, respectively, with borderline acceptable fit
indices: CFI= 0.92 and 0.94 and RMSEA= 0.084 and
0.113 for concerns and abilities, respectively. These items
were calibrated using GRM model and formed the
PROMIS cognitive function item banks version 1 (formerly,
Applied Cognition). Only these 67 items retained in version 1
were analyzed in this study.
We first evaluated the dimensionality of these 67 items

as a whole. Four items (two concerns and two abilities)
with residual correlations >0.2 were removed with a
concern of local dependency. Among the remaining 63
items, acceptable fit indices were found (CFI= 0.983,
RMSEA= 0.041) using a two-factor CFA approach. A
high correlation (r= 0.872) was found between concerns
and abilities factors. When using a one-factor CFA, all
fit indices met the following pre-set criteria: CFI= 0.961,
RMSEA= 0.062, R2 ranged from 0.37 to 0.86 and MI
<10. These results support the unidimensionality of these
63 items.

Evaluation of multidimensionality

The same conceptual model was used for both bi-factor
analysis and MIRT in which the general model was the
cognitive function (i.e., all 63 items) and two local factors
were concerns (i.e., 32 negatively worded items) and
abilities (i.e., 31 positively worded items). Satisfactory
fit indices were found in bi-factor analysis, where CFI=
0.982, RMSEA= 0.043, MIs< 10, and all items had
higher loadings on the general factor than their own local
factors. As shown in Figure 2, abilities items generally
had loadings >0.3 on the local factor, indicating the
potential to justify scaling a separate factor from concerns.
When we evaluated the variance explained, we found that
the general factor explained 86.6% of variance, whereas
local factors together only explained 14.4%. These results
support a general cognitive function factor.
In IRT related analyses, slopes obtained from MIRT

were compared with those obtained from UIRT analysis.
Although they were highly correlated (r= 0.976), more
variability was found in the middle to the higher ends of
the continuum. For concerns, the average discrepancy of
the slopes between UIRT and MIRT was 0.04 (SD= 0.26),
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ranging from 0.04 to 0.52. For abilities, the average dis-
crepancy was 0.1 (SD= 0.3), ranging from 0.01 to 0.56,
indicating greater variability in abilities than in concerns;
yet this variability was canceled out during the reliability
estimation. These slope discrepancies suggest the multi-
dimensional nature between concerns and abilities.
Forcing the concerns and abilities items to be calibrated
together might result in distorted estimations, especially
in abilities, when CAT is administered. The correlation
between scaled scores produced UIRT and MIRT was
0.943 (shown on Figure 3). As expected, more variability
was found in the middle of the continuum. Cronbach’s
alpha was 0.97, 0.98, and 0.99 for concerns, abilities and
when concerns and abilities were combined together,
respectively.

On the basis of the results of unidimensionality analy-
ses, abilities and concerns could be considered as a single
dimension. Yet, given the finding of high loadings on the
local factor in bi-factor analysis and slope discrepancies
between UIRT and MIRT, especially in abilities, we
concluded that abilities demonstrated the potential to be
an independent factor from concerns.

Relationship with demographic and clinical factors

The correlation between concerns and abilities was 0.81.
Both concerns and abilities were significantly (p< 0.001)
correlated with PROMIS Global—Physical Health,
PROMIS Global—Mental Health, the FACT-cognition
‘comments from others’ subscale, the FACT-cognition
‘interference with quality of life’ subscale, and EORTC
cognition items, with Spearman rho ranging from 0.41 to
0.72 (see Table 1). Abilities had stronger associations with
general quality of life scores (PROMIS physical and
mental health scores), whereas concerns tended to have
stronger associations with other cognition specific items.
Length since diagnosis was not significantly correlated
with concerns or abilities.
As shown in Table 2, concerns reported by patients

significantly differentiated people with different treatment
types (F(3,504) = 7.6, p< 0.001), performance ratings
(F(2,506) = 35.84, p< 0.001), education levels (F(2, 346)
=6.8, p= 0.001), and gender (t= 2.93, p = 0.004). All

Figure 2. Comparisons of the factor loadings on the general factor
against the local factors (i.e., abilities or concerns). All items had
loadings greater than 0.5 on the general factor. Abilities items also
showed salient loadings (>0.3) on the local factor (upper half in
the Figure) yet such observations were not found in the most
concerns items (lower half in the figure)

Figure 3. Comparisons of IRT scaled score (theta) between unidi-
mensionality and multidimensionality IRT models

Table 1. Relationships (Spearman’s rho) with legacy items

Concerns Abilities

PROMIS global health
PROMIS global physical health 0.44 0.46
PROMIS global mental health 0.56 0.60

FACT-Cog ‘comments from others’ subscale
Other people have noticed that I
had problems remembering information

�0.58 �0.51

Other people have noticed that I had
problems speaking clearly

�0.44 �0.41

Other people have noticed that I had
problems thinking clearly

�0.53 �0.49

FACT-Cog ‘interference with quality of life’ subscale
I have been upset about these problems �0.68 �0.64
These problems have interfered with my
ability to work

�0.66 �0.63

These problems have interfered with my ability
to do things I enjoy

�0.61 �0.58

These problems have interfered with the quality
of my life

�0.63 �0.60

EORTC cognition subscale
Have you had difficulty in concentrating on
things, like reading a newspaper or
watching television?

�0.60 �0.58

Have you had difficulty remembering things? �0.72 �0.66

PROMIS, Patient Reported Outcomes Measurement and Information System; FACT-
Cog, Functional Assessment of Cancer Therapy—Cognitive Function; EORTC, Euro-
pean Organization for the Research and Treatment of Cancer.
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four aforementioned variables remained as significant
predictors of concerns, F(8, 310) = 11.69, p< 0.001.
Similar results were found with abilities, in which abilities
reported by patients significantly differentiated people with
different treatment types (F(3,504) = 8.48, p< 0.001),
performance ratings (F(2,506) = 44.13, p< 0.001), and edu-
cation levels (F(2, 346) = 13.8, p< 0.001). Gender-based
differences in abilities were also observed (t=2.68,
p=0.008). These four variables remained as significant
predictors to ‘abilities’ in a multiple regression analysis,
F(8, 310) = 19.84, p< 0.001. Post-hoc Tukey’s test showed
the same significant comparison groups for both concerns
and abilities with one exception based on the treatment in
the past month. Patients who did not receive any treatment
in the past month had better abilities scores than those
who received ‘other types of treatment’. This result was
not observed with concerns.

Discussion

The contribution of cancer and its treatment to cognitive
impairment has become a focus over the past decade
[3,20,55–58]. ‘Cancer dyscognition’ is a relatively new
research area. As such, underlying mechanisms are not
yet well-understood [59,60]. We report our efforts in de-
veloping comprehensive self-reported cognition measures
via PROMIS: cognitive function-concerns and cognitive
function-abilities item banks. These measures were devel-
oped via rigorous qualitative and quantitative approaches.
Several waves of focus group, individual interviews, and
cognitive interviews were conducted to fully capture
patients’ experiences in their own words. After completing
this qualitative work, we evaluated dimensionality of self-
reported cognition to ensure that we were accurately
measuring and scoring self-reported cognitive function.

These analyses extended beyond the current PROMIS
methodology [41] to further evaluate the degree of multi-
dimensionality within these items and how the multi-
dimensional nature of items impacted the estimation of
item parameters and consequently final scores. Analysis
results indicated that concerns and abilities could be
reported as one single score (i.e., cognitive function) or
two separate scores, and both reportingmethods are psycho-
metrically sound. We recommend reporting concerns and
abilities scores separately and our rationale for this decision
is described as follows.
Both the one-factor CFA and the bi-factor analysis

supported the idea that concerns and abilities are similar
enough to each other to be treated as a single dimension.
For this reason, we then proceeded to calibrate both sets
of items on a single continuum, which we label cognitive
function. However, as illustrated in Figure 2, there appears
to be sufficient separation of the clusters of factor loadings
between concerns and abilities to support separate reporting
of concerns and abilities, even though both sets of items
were calibrated together. Comparisons between UIRT and
MIRT indicated more variability in abilities among patients
than concerns as indicated by the slope discrepancies:
averaged slope differences = 0.04 and 0.1 for concerns and
abilities, respectively. Our cognitive interview data (not
reported here) also indicated that patients utilized different
thinking processes when responding to abilities and con-
cerns items. Patients reported that it was relatively straight-
forward to estimate the number of times in the past 7 days
they experienced a problem with cognitive function.
However, they reported that answering the abilities items
required an extra step because they were required to con-
sider which aspect of their cognitive experience they would
have to weigh when considering severity over a 7-day
period. Despite this extra step, a subgroup of participants

Table 2. Convergent validity of concerns and abilities on selected variables

Concernsa Abilitiesa

Treatment No treatment in the past month (n=304) F(3,504) = 7.6; p< 0.0001b F(3, 504) = 8.48, p< 0.0001c

Hormonal therapy (n=49)
Chemotherapy (n=99)
Other types of treatment (n=55)

ECOGd Normal activities, no symptoms (n=300) F(2,506) = 35.84, p< 0.0001 F(2, 506) = 44.13, p< 0.0001
Normal activities, some symptoms (n=159)
Required bed rest (n=50)

Educatione High school or lower (n=74) F(2, 346) = 6.8, p=0.0013 F(2,346) = 13.8, p< 0.0001
Some college or college graduate (n=310)
Advance degree (n=125)

Genderf Male (n=232) t=2.93, p=0.0035 t=2.68, p=0.0076
Female (n=234)

ECOG, Eastern Cooperative Oncology Group Performance Status.
aHigher scores = better function and less problems.
b‘No treatment’ had significantly better concerns scores than ‘chemotherapy’.
c‘No treatment’ groups had significantly better abilities scores than ‘chemotherapy’ and ‘other types of treatment’.
dSignificant concerns and abilities scores were found on all comparisons.
eSignificant concerns and abilities scores were found on all comparisons except between ‘some college or college graduate’ and ‘advance degree’.
fMale participants had better concerns and abilities scores than female participants.
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did report that they preferred the abilities items because the
items focused on positive aspects of cognitive function in-
stead of problems. Both qualitative and quantitative data
suggest that abilities and concerns might tap different con-
cepts fundamentally, however, not psychometrically.
Self-reported cognitive abilities are a relatively new

area. To our knowledge, the measure developed from this
project is the first measure tapping this concept. Our
previous study [30] suggested that concerns and abilities
were two independent constructs; however, a limitation
of this study was the ratio of items between cognitive
concerns (32 items) and cognitive abilities (10 items)
potentially introducing method effects. In this project,
we ensured the balance of concerns and abilities in terms
of content coverage and numbers of items. As recom-
mended by Gibbons and his colleague [50], ‘…if a given
set of items is found to be multidimensional, development
of the test instrument can proceed in different ways
according to the objective of the investigator. If the
purpose is to obtain a profile of measurements describing
the respondent’s position on each dimension, the factor
analysis will identify the subsets of items that best repre-
sent the corresponding dimensions. The subsets can then
be presented to future respondents as separate measures,
possibly with separate instructions and separately timed.
Alternatively, all of the items can be presented as a single
test and the respondents positions on the dimensions
estimated directly in the form of factor scores.’(p.28) We
decided to take a more conservative approach by reporting
abilities and concerns separately. We therefore recom-
mended two separate but co-calibrated item banks in the
PROMIS network: cognitive function item bank—
concerns and cognitive function item bank—abilities.
Future research should examine how these two concepts
relate to clinical features of patients. For example, the extent
to which abilities may be less vulnerable to the influence of
emotional states than concerns among patients with depres-
sion and anxiety should be examined in future research.
In clinical practice, self-reported cognitive impairments

may signify many possible clinically significant events,
and self-report or proxy-report of cognitive problems is
one of the most common reasons for conducting neuro-
psychological testing. The potential of self-report as a
method for monitoring cognitive functioning among

adults with cancer is supported by recent studies, which
have found significant correlations between patient self-
reported cognitive concerns and neuroimaging findings
[57,61,62]. Despite the lack of association with neuropsy-
chological testing, self-reported cognition reflects subjec-
tive concern or distress in the patients, which, we suggest,
is an important component of health-related quality of life.
The item banks developed in this study are valid and psy-
chometric sound, which can facilitate research in under-
standing the role of self-reported cognitive function in
patients’ daily living.
Limitations of the current study are noted. Patients

recruited in the current study might not be a representative
of the national cancer population. Future studies should be
carried out to evaluate the impact of patients’ characteris-
tics on concerns and abilities. Examples of such character-
istics are, but not limited to, education levels, financial
status, and types of treatment. It would be also important
to evaluate self-reported cognition prospectively and
longitudinally, including pre-treatment through long-term
follow-up to better understand the trajectory of cognitive
function.
In conclusion, two PROMIS cognitive function item

banks were developed in this study: concerns and abilities.
These two item banks showed good psychometric pro-
perties and were significantly correlated with PROMIS
Global—physical health, PROMIS Global—Mental Health,
FACT-Cognition, and EORTC cognition items. Both signif-
icantly differentiated people with different treatment types,
performance status, education levels, and gender. These
two item banks are ready for use, and through providing a
psychometrically robust, brief and precise approach for the
assessment of cognitive function will advance research on
this salient and distressing symptom.
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