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D
iagnosis and treatment of non–

central nervous system malignan-

cies have a profound impact on 

survivors’ cognitive function and 

health-related quality of life (QOL) 

(Allen et al., 2018). Individuals who are treated for 

breast cancer report significant changes in cognitive 

function that lead to negative professional, domes-

tic, and social outcomes (Myers, 2012; Von Ah et al., 

2016). Incongruity between self-report of cognitive 

function and performance on standard neuropsy-

chologic tests confounds assessment of cognitive 

function among cancer survivors (Hermelink et al., 

2010). 

A full battery of neurocognitive tests and func-

tional neuroimaging studies may not always be 

clinically accessible and can be mentally, physically, 

and financially burdensome for patients (Williams 

et al., 2021). Development of a sensitive, succinct, 

and clinically accessible measure of cognitive func-

tion is highly desirable for the population of cancer 

survivors. Interestingly, language in everyday 

speech depends on cognitive processes and reflects 

changes in cognitive function (Kemper et al., 1989). 

Psycholinguistic research has demonstrated that pat-

terns of change in grammar complexity, vocabulary, 

and idea density are representative of changes in cog-

nitive function related to normal aging, mild cognitive 

impairment, vascular dementia, and other neurode-

generative disorders (Aramaki et al., 2016; Chen et 

al., 2009; Kemper et al., 1989, 2001). Thus, psycholin-

guistic analysis of language complexity in speech may 

be useful for assessing changes in cognitive function 

without the burden of extensive neuropsychologic 

testing or neuroimaging.  

The authors have begun to explore the use of psy-

cholinguistic analysis to assess cognitive function in 

cancer survivors. An initial substudy with men receiv-

ing androgen deprivation therapy for prostate cancer 

OBJECTIVES: To gather preliminary data on 

correlations among psycholinguistic measures, 

self-report of cognitive function, and performance on 

neurocognitive tests in breast cancer survivors.

SAMPLE & SETTING: Participants were breast 

cancer survivors who reported issues with cognitive 

function after completion of chemotherapy. This 

secondary analysis used data from participants in 

parent studies at two National Cancer Institute–

designated cancer centers. 

METHODS & VARIABLES: Qualitative interview 

transcripts (N = 52) underwent psycholinguistic 

analyses for grammatical and semantic complexity. 

Relationships among six psycholinguistic variables, 

self-report of cognitive function, and performance on 

neurocognitive tests were examined.   

RESULTS: Three grammatical complexity variables 

had a significant positive correlation to self-report of 

cognitive function. One semantic complexity variable 

had a significant positive correlation to delayed recall 

neurocognitive tests.

IMPLICATIONS FOR NURSING: Results suggest 

that psycholinguistic analysis may be used to assess 

cognitive function among breast cancer survivors. 

Confirmatory studies are needed to establish the 

correlation between psycholinguistic measures, 

self-report of cognitive function, and domain-specific 

tests of neurocognitive performance, as well as to 

evaluate longitudinal sensitivity to change.
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demonstrated feasibility for recording, transcribing, 

and coding short segments of participants’ speech 

during clinical interviews (Williams et al., 2021). 

Correlations between psycholinguistic measures and 

neurocognitive tests were strongest for participants’ 

answers to open-ended questions requiring reflection 

(Williams et al., 2021). 

Among breast cancer survivors who report changes 

in cognitive function, one of the most common 

concerns relates to verbal fluency, specifically, com-

plaints about difficulties with “word-finding” (Myers, 

2012). This impedes individuals’ ability to partici-

pate in conversations and can impair their ability 

to function in social and work settings. Likewise, 

issues with short-term memory, delays in processing 

speed, and decreases in executive function negatively 

affect social and work performance and can cause 

frustration. Lack of correlation between survivors’ 

self-report and performance on neurocognitive tests 

makes assessment difficult. Despite survivors’ reports 

of significant cognitive difficulties compared to before 

their diagnosis and treatment, most patients perform 

well within normal limits on neurocognitive tests. 

The current secondary analysis, was conducted 

to gather preliminary data on the correlation among 

psycholinguistic measures, self-report of cognitive 

function, and performance on neuropsychologic tests 

for breast cancer survivors. The theoretical basis for 

this work was derived from the study of psycholog-

ical and neurobiologic linkages between cognitive 

function and language production from the grounded 

theories of psycholinguistics and neurolinguistics 

(Balamurugan, 2018; Fernández & Cairns, 2010). The 

authors postulated that psycholinguistic changes in 

speech complexity and vocabulary would correlate 

with participants’ self-report of cognitive function 

and be in the anticipated direction for neurocognitive 

test performance (see Figure 1).  

Methods

Sample and Setting

Following institutional review board approval and 

execution of a data use agreement, de-identified tran-

scripts of 52 qualitative interviews were analyzed. 

These interviews were derived from two parent studies 

conducted at the University of Kansas Cancer Center 

in Kansas City (n = 30, 6 months to 5 years postchemo-

therapy) and Indiana University in Indianapolis (n =  

22, 12 months or more postchemotherapy). In both 

parent studies, eligible participants met  the following 

criteria: (a) female, (b) postmenopausal, (c) diagnosed 

with nonmetastatic disease, (d) at least six months 

postchemotherapy, and (e) had self-reported issues 

with cognitive function (participants answered “yes” 

when asked if they were experiencing any difficulties 

with memory and/or concentration that negatively 

affected self-esteem or interfered with daily life). 

Participants who scored less than 24 on a Mini-Mental 

State Examination (severe cognitive impairment) or 

who were diagnosed with Alzheimer disease, related 

dementias, or other neurologic conditions that would 

preclude informed consent were excluded. 

For this pilot secondary analysis, the authors 

selected available data that closely matched in topic 

and context (breast cancer survivorship experiences 

with cognitive dysfunction). The interviews from 

both studies included slightly varied questions and 

wording but focused on similar topics, with equivalent 

FIGURE 1. Psycholinguistic Conceptual Model

FACT-Cog—Functional Assessment of Cancer Therapy–
Cognitive Function

Cancer treatment

Changes in Cognitive 

Function

Objective

 ɐ Neurocognitive test 

performance

 ɐ Rey Auditory Verbal 

Learning Test

 ɐ Rivermead 

Behavioural 

Paragraph Recall 

Test

 ɐ Symbol Digit 

Modalities Test

Subjective

 ɐ Self-report  

 ɐ FACT-Cog per-

ceived cognitive im-

pairment, abilities, 

and quality-of-life 

subscales

Changes in Speech 

Complexity

Grammatical

 ɐ Mean length  

of utterance

 ɐ Main clauses

 ɐ Right-branching 

clauses

 ɐ Left-branching 

clauses

Semantic

 ɐ Type–token ratio

Changes in Cognitive Domains

 ɐ Working memory

 ɐ Processing speed

 ɐ Executive function
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length and depth of responses. The similarities in 

participant eligibility, qualitative interviewing, and 

availability of written transcripts, as well as congru-

ence for self-report instrumentation, made it possible 

to combine the two parent study transcript samples 

for secondary analysis, providing a larger sample for 

analysis than from either study alone. Because of vari-

ation in neurocognitive tests used in the two parent 

studies, pooled analysis was not feasible, but it was 

possible to explore correlations with psycholinguistic 

measures for smaller sample subsets. 

Variables and Instruments 

Both parent studies used similar sets of open-ended 

questions about participants’ experiences with cogni-

tive issues during and after diagnosis and treatment 

for breast cancer (see Figure 2). Of note, comparisons 

of language complexity are not contingent on inter-

view question content or results of the qualitative 

analysis for the parent study. Participants’ answers 

were audio recorded and transcribed verbatim. 

These transcripts were coded by trained graduate 

research assistants to assess grammatical complexity 

and semantic complexity. Grammatical complexity 

included the following variables: (a) mean length of 

utterance, meaning the average number of words in 

each utterance; (b) right-branching clauses, meaning 

clauses following the main clause; (c) left-branching 

clauses, meaning clauses preceding the main clause; 

(d) main clauses, meaning the clause containing the 

primary noun–verb for the utterance; and (e) incom-

plete utterances, meaning sentence fragments or 

abandoned utterances. Semantic complexity includes 

type–token ratio (TTR), meaning the number of 

words compared to the number of root words (vocab-

ulary diversity). 

Self-report of cognitive function in both parent 

studies was evaluated using scores on the Functional 

Assessment of Cancer Therapy–Cognitive Function  

perceived cognitive impairments (PCI) (range of 

0–72), perceived cognitive abilities (PCA) (range of 

0–28), and QOL (range of 0–16) subscales. Higher 

subscale scores indicate better perceived cogni-

tive function. The neurocognitive tests used in 

both studies have been extensively validated and 

are psychometrically robust (see Table 1) (Strauss  

et al., 2006). Neurocognitive test variables for the 

University of Kansas Cancer Center participants 

were the Trail Making Test (TMT) Parts A (process-

ing speed) and B (executive function). The TMT 

Parts A and B are timed tests in which participants 

are instructed to connect a series of circles filled with 

numbers (in numeric order) and letters (alternating 

between numeric and alphabetical order) as quickly as 

they can. Lower scores (time in seconds to complete) 

indicate better cognitive function. Neurocognitive 

test variables for the Indiana University participants 

included scores on the Rey Auditory Verbal Learning 

Test (sum of scores from trials 1–5 to recall a list of 

15 unrelated words, immediate memory), and the 

Rivermead Behavioural Paragraph Recall Test (long-

term delay, delayed memory), as well as the total 

score (ability to correctly pair a series of specific num-

bers and geometric figures in 90 seconds) and errors 

(divided attention) on the Symbol Digit Modalities 

Test (SDMT). Higher scores (correct responses) 

indicate better cognitive function for all tests except 

SDMT errors and TMT times in seconds. 

FIGURE 2. Qualitative Interview Questions

Indiana University

 ɐ Describe any problems you have noticed with your 

cognitive functioning since diagnosis and treatment 

for breast cancer.

 ɐ When did you first notice these changes in cognitive 

function and have they changed over time?

 ɐ What impact have the cognitive changes had on your 

activities, work, and daily functioning?

 ɐ What impact have the cognitive changes had on your 

overall life satisfaction?  

University of Kansas Cancer Center

 ɐ What changes in cognitive function have you 

experienced?

 ɐ In what ways have these cognitive changes affected 

your daily life?

 ɐ How have you coped with these cognitive changes?

 ɐ What support have you received from your significant 

other?

KNOWLEDGE TRANSLATION

 ɐ Individuals who undergo treatment for breast cancer report chang-

es in cognitive function that negatively affect domestic, profes-

sional, and social outcomes. 

 ɐ Language complexity metrics may be correlated with neurocogni-

tive test performance and self-reported cognitive status in breast 

cancer survivors.

 ɐ If validated in larger trials, psycholinguistic analyses may be 

further developed as a mobile, practical tool for clinical use in 

screening for cognitive changes. 
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Coding Procedures 

Training for coding practice transcripts was con-

ducted for four research assistants until 90% or 

greater agreement was achieved for each psycholin-

guistic metric. Intercoder reliability was checked for 

5% of the sample to confirm ongoing reliability above 

85% agreement. 

The transcripts were segmented into utterances, 

meaning statements that typically reflect sentences or 

sentence fragments (Kemper et al., 1989). Complete 

and incomplete utterances were labeled. Each utter-

ance was coded for the type of noun–verb clause(s) 

it contained. Brackets were used to identify each 

main, left, and right subordinate embedded clause. 

Main clauses have a subject and predicate and rep-

resent the primary idea of the utterance. Compound 

and complex utterances contain multiple noun–verb 

clauses, mainly right-branching clauses, which come 

after the main clause, and left-branching clauses, 

which come before the main clause. Left-branching 

clauses are more cognitively demanding because the 

idea conveyed in the left-branching clause must be 

held in working memory while the remaining main 

clause is interpreted. Main, right-branching, and 

left-branching clauses in a sentence might be coded 

as follows: “And so when I’m on [LEFT] a text mes-

sage I can [MAIN] look back and see exactly what I 

[RIGHT] said.”

Coded utterances were tabulated using Systematic 

Analysis of Language Transcripts software, version 

20 (Miller & Chapman, 2022). MLU and TTR were 

computed using the automated program. Measures 

of specific clauses (main, left-branching, and 

right-branching) were computed as means (i.e., the 

mean number of left-branching clauses per utterance 

within each transcript). 

Statistical Analyses 

Pearson’s correlation coefficient at significance level 

0.05 was used to examine the relationship between 

each psycholinguistic measure and each neuro-

cognitive measure. Psycholinguistic correlations 

for the FACT-Cog self-report subscales were cal-

culated for the transcripts from all 52 participants. 

Psycholinguistic correlations with neurocognitive 

test scores were conducted separately for each parent 

study.

Results

Most participants were female, well educated, 

non-Hispanic, White, diagnosed with stage II breast 

cancer, and working full-time. Participants’ sociode-

mographic characteristics are outlined in Table 2. No 

significant differences were noted between the two 

parent studies. Significant positive correlation was 

observed between participants’ self-report of PCI and 

three measures of speech complexity: mean length 

utterance in words (r = 0.38, 95% confidence inter-

val [CI] [0.12, 0.59]), mean number of main clauses 

(r = 0.39, 95% CI [0.14, 0.6]) and mean number of 

right-branching clauses (r = 0.39, 95% CI [0.13, 0.6]). 

PCI was negatively correlated with the percent of 

incomplete utterances (r = –0.315, 95% CI [0.54, 

0.05]). Significant correlations with PCA mirrored 

TABLE 1. Neurocognitive Instruments Used in Parent Studies at the University of Kansas Cancer Center 

and Indiana University

Instrument University of Kansas Cancer Center Indiana University

Self-report instruments

Cognitive function FACT-Cog FACT-Cog

Neurocognitive tests

Processing speed Trail Making Test Part A Symbol Digit Modalities Test

Executive function Trail Making Test Part B –

Memory

–

Rey Auditory Verbal Learning Test and 

Rivermead Behavioural Paragraph Recall 

Test (immediate and delayed)

Verbal fluency – Controlled Oral Word Association Test

FACT-Cog—Functional Assessment of Cancer Therapy–Cognitive Function

D
ow

nl
oa

de
d 

on
 0

5-
19

-2
02

4.
 S

in
gl

e-
us

er
 li

ce
ns

e 
on

ly
. C

op
yr

ig
ht

 2
02

4 
by

 th
e 

O
nc

ol
og

y 
N

ur
si

ng
 S

oc
ie

ty
. F

or
 p

er
m

is
si

on
 to

 p
os

t o
nl

in
e,

 r
ep

rin
t, 

ad
ap

t, 
or

 r
eu

se
, p

le
as

e 
em

ai
l p

ub
pe

rm
is

si
on

s@
on

s.
or

g.
 O

N
S

 r
es

er
ve

s 
al

l r
ig

ht
s.



NOVEMBER 2022, VOL. 49, NO. 6 ONCOLOGY NURSING FORUM 569WWW.ONS.ORG/ONF

these results, although there was no correlation with 

incomplete utterances (r = 0.403, 95% CI [0.15, 0.61]; 

r = 0.359, 95% CI [0.1, 0.58]; and r = 0.419, 95% CI 

[0.17, 0.62], respectively). QOL positively correlated 

with the mean number of right-branching clauses (r =  

0.342, 95% CI [0.08, 0.56]). Four significant correla-

tions were noted between psycholinguistic variables 

and neurocognitive test scores. TTR (vocabulary 

diversity measure) positively correlated with imme-

diate and delayed recall (Rivermead, r = 0.533, 95% CI 

[0.14, 0.78]; and r = 0.563, 95% CI [0.19, 0.8], respec-

tively) and negatively correlated with SDMT scores (r =  

–0.423, 95% CI [–0.72, –0.002]). Mean left-branching  

clauses per utterance negatively correlated with 

SDMT scores (r = –0.527, 95% CI [–0.78, –0.14]).  

Discussion

Significant correlations were observed between 

participants’ self-report of cognitive function and 

psycholinguistic measures of speech complexity, 

and all correlations were within the expected direc-

tion. Higher levels of self-reported cognitive function 

(PCI, PCA, QOL) positively correlated with measures 

of higher speech complexity and negatively correlated 

with measures of lower speech complexity (percent 

of incomplete utterances). 

Associations between psycholinguistic variables 

and performance on neurocognitive tests were mixed. 

Three of the correlations were in the expected direc-

tion. Higher levels of vocabulary diversity (TTR) were 

positively correlated with immediate and delayed 

recall (Rivermead) and negatively correlated with 

SDMT errors. Surprisingly, although left-branching 

clauses are the most grammatically complex of the 

clauses measured, the mean of left-branching clauses 

per utterance was negatively correlated with the 

SDMT score. 

The low number of neurocognitive correlations 

and the counterintuitive direction of correlation in 

one variable may be explained by the smaller sample 

size for the analysis (n = 22 and n = 30, as opposed 

to N = 52). These secondary analysis results dif-

fered somewhat from the authors’ earlier feasibility 

pilot work with men receiving androgen deprivation 

therapy for prostate cancer, in which no significant 

correlation was found between psycholinguistic vari-

ables and self-report in the study’s very small sample 

(n = 13). One possible explanation for this difference 

may be a tendency for women with breast cancer to 

report more issues with cognitive function on patient- 

reported outcome questionnaires than men with 

prostate cancer. 

Limitations

Limitations of this study include the secondary 

analysis design, small sample size, number of sta-

tistical tests performed, and the various types of 

neurocognitive testing used to collect data for psy-

cholinguistic analysis comparisons. Variability in the 

available neurocognitive tests between the two parent 

study samples limited the ability to pool the data for 

analyses.  

Implications for Nursing and Conclusion

The results of this study provide preliminary evi-

dence that psycholinguistic analyses may be a 

useful surrogate measure of cognitive function for 

breast cancer survivors. Confirmatory studies are 

required to further test the relationships among 

TABLE 2. Demographic Characteristics of KUCC and IU 

Participants (N = 52)

KUCC (N = 30) IU (N = 22)

Variable
—

X SD
—

X SD

Age (years) 55 7.8 56.13 9.66

Variable n n

Ethnicity

Not Hispanic or Latino 30 22

Race

Black    4    4

White 25 –

Multiracial    1 18

Education

High school    2    2

College 21    4

Graduate school    7 16

Employment

Full-time 20 12

Unemployed    4    1

Part-time    3    2

Retired    2    6

Medical leave    1    1

Disease stage

I 11    6

II 17 10

III    2    5

 IU—Indiana University; KUCC—University of Kansas Cancer Center 
Note. Data on disease stage were missing for 1 IU participant, so the 
sum of n values does not equal the N value.
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psycholinguistic measures, self-report of cognitive 

function, and domain-specific tests of neurocogni-

tive performance, and to test longitudinal sensitivity 

to change. Although current processes for psycho-

linguistic coding to determine language complexity 

are time- and personnel-intensive, advances in voice 

transcription and natural language processing have 

potential for automation. In the future, an application 

with transcription and complexity analysis functions 

could provide cost-effective, immediate feedback on 

spoken language complexity for clinical use. The dig-

itization of speech analysis algorithms using mobile 

devices in the clinic setting (either in person or 

through telehealth platforms) would be a welcome 

tool for nurses in oncology settings who are searching 

for sensitive and practical methods to assess cognitive 

function in their patients. Implementation of a vali-

dated mobile application in practice settings would 

require clinicians to be educated about how cognition 

affects language, and educational materials explain-

ing how language reflects cognitive changes would be 

important for patient education.
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