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Awake brain surgery, combined with neurophysiological evaluation and
intraoperative mapping, is one of the preferential lines of treatment when
approaching low-grade gliomas. Speech and language assessment is used
while applying Direct Electrical Stimulation (DES) and during the resection
of a lesion/tumour, as it allows to establish related eloquent areas and
optimise the extent of the resection and avoid impairments. Patients need to
be assessed pre, intra and post-surgery, but in under resourced countries
such as Portugal, there are still no standardised and validated tools to
conduct this type of evaluation. To address this need, the tasks of the Dutch
Linguistic Intraoperative Protocol (DuLIP) were adapted to European
Portuguese, and the resulting materials were standardised for a group of 144
Portuguese participants. For each task, the impact of age, gender and
schooling were measured. The resulting Portuguese version of the DuLIP
(DuLIP-EP) consists of 17 tasks, including phonological, syntactic,
semantic, naming and articulatory tests. No significant differences were
found between male and female participants. However, schooling
influenced phonological and syntactic fluency, object naming and verb
generation. Schooling and age had a significant impact on semantic fluency
and reading with semantic odd word out tasks. This is the first contribution
to the standardisation of a tool that can be used during an awake brain
surgery in Portugal, which includes a new phonological odd word out task
that is not currently available in the Dutch version.
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Introduction

The brain is organised in a distributed complex network underpinning sensorimotor,
visuospatial, language, cognitive and emotional functions (Duffau, 2018). According to
Friederici (2011), different brain regions, not only in the left hemisphere, but also in the
right hemisphere have been identified to support language functions. Therefore, any
lesion or growing process on these areas, like a brain tumour, can cause impairments in
many different domains of language or even in motor speech.

Current guidelines to perform brain tumours removal, particularly Low-grade
gliomas (LGGs), a type of brain tumour that grows slowly causing progressive lesions
(Duffau, 2005), have established awake brain surgery as a standardised procedure to
maximise resection and postoperative gains.

Direct Electrical Stimulation (DES) is considered the gold-standard surgical
procedure during awake brain surgery. It consists of a biphasic electrical current that can
mimic genuine temporary lesions and it allows the mapping of the brain, which in turn
enables the identification of cortical and subcortical areas and pathways that are
fundamental for speech and language. This procedure is applied by the neurosurgeon
while linguistic tasks are performed, to assess the risk/benefit of different resection
strategies before the actual procedure is performed. It has been shown to have a positive
impact on the survival time and quality of life of the patients (Duffau, 2018), as it enables
a greater remission of the tumour areas with fewer deficits associated to eloquent areas.
It is, therefore referenced as the best method to maximise the “onco-functional balance”
as it seeks to prevent the patient from losing a certain level of functionality (Bizzi, 2009;
Coello et al., 2013; Darder & Lopez, 2012; Pereira et al., 2009; Rofes et al., 2017).

The assessment performed by a Speech and Language Therapist (SLT) in such a

surgical context, has an important role in ensuring the preservation of the domains



associated with eloquent areas. This role includes implementing and interpreting the
results of the pre-, intra-, and post-operative tasks, and the implementation of the
rehabilitation process that follows (Geemen et al., 2014).

In most countries, language assessment in awake brain surgery is mainly
conducted with the use of informal tools created by SLTs. Portugal is not an exception,
so the language assessment of adults is mainly conducted with the use of informal tools
created by the SLTs for personal use. However, the tests in use are quite limited in their
evaluation of language skills during the intraoperative cortical mapping (Polczynska,
2009).

In these surgeries, several technical-contextual specificities are considered and the
evaluation must be performed accordingly, i.e., the spontaneous production of speech is
assessed and pre-selected language tasks are performed by the patient, allowing the
identification of the brain areas that might be affected during the resection (Bello et al.,
2007).

In surgery, the patient can perform several sensorimotor, visuospatial, language,
cognitive or emotional tasks simultaneously with the temporary disruption of brain
structures using electrostimulation. Considering the previous (pre-surgical) assessment of
the clinical case, the team should select the tests to be used during surgery. Specifically,
to the language tests it is important to encompass the various domains of comprehension
and expression of language, that should be designed for the conditions experienced in the
operating room. Thus, the time for presentation and response to stimuli (the 4s of DES),
the body positioning and the fact that the head is fixed in the same position for hours, the
limited of space for equipment and the stress and discomfort of the patient are important
aspects to consider. In addition, it is known that low-grade gliomas are characterised by

slow growth, and this can lead to neuroplasticity processes. This fact, associated with the



fact that users have less marked deficits when compared with users with acquired aphasia
after the occurrence of a stroke (Desmurget et al., 2007; Geemen et al., 2014), highlights
the need to use a sensitive test that detects small variations.

To address this need for standardised tools, the Dutch Linguistic Intraoperative
Protocol (DuLIP) was created (De Witte et al., 2015). Originally developed in the
Netherlands, it includes specific and sensitive tasks from the areas of phonology,
semantics, syntax and articulation. It was designed to be applied in the operating room
and to detect small variations that might go unnoticed in a regular language assessment
test. Since it includes tasks to collect data pre-, intra-, and post-surgery, it is quite an
extensive protocol and therefore specific tasks have to be selected before the surgery
based on the characteristics of the tumour (localisation and its functional implications)
and the patients (De Witte et al., 2015).

Thus, this study aims to culturally adapt the DuLIP to European Portuguese (EP),
standardise the DuLIP for the Portuguese population, support the role of the SLT in the
intraoperative context and contributing to the improvement of patients’ quality of life, as
it is standardised according to the cultural habits and knowledge of the Portuguese

population and allows for a more individualised intervention.



Method

The study comprised the linguistic-cultural adaptation of the DuLIP and a contribution
towards the standardisation of this test battery in Portugal. To accomplish these goals,
data were quantitatively and qualitatively analysed through descriptive statistics. All
ethical procedures were followed. This study was approved by the Ethics Committee of
the Research Unit of Health Sciences at the School of Nursing in Coimbra (UISCISA

reference 535/01-2019, Coimbra, Portugal).

Adapting the DulLIP to European Portuguese

When translating and adapting language assessment tools, researchers face various
challenges (Fyndanis et al., 2017): The cultural differences between languages;
differences in the access to databases with information on linguistic attributes; differences
specific to each domain of the language.

Therefore, much more than a literal translation was necessary to culturally and
linguistically adapt the DuLIP according to the theoretical constructs that were at the core
of this assessment tool. Nevertheless, following DuLIP’s original authors’ (De Witte et
al., 2015) suggestions, the adaptation process began with the literal translation of the
stimuli to Portuguese by three authors of this paper (Dutch and English versions were
provided by the original authors). The materials resulting from this phase were discussed
by all the authors of this paper and DuLIP’s original authors, in expert meetings, to gather
consensus for a pilot version. Since the psycholinguistic characteristics at the basis of
creation of the original stimuli were not observed in some the Portuguese language items
resulting from the initial literal translation, these materials were then individually
adjusted and adapted according to those same properties.

Specific criteria such as frequency (data extracted from the Reference Corpus of

Contemporary Portuguese (CLUL, 2013)), imageability, age of acquisition, prevalence,



word class, word complexity levels, number of phonemes, number of syllables and
syllabic structure, time and verbal mode, syntactic constituents order, number of words
and sentence type were contemplated. Additionally, there was an attempt to avoid stimuli
with emotional connotation and to keep the original items (resulting from the translation
into Portuguese), whenever possible.

As in the original DuLIP, black and white drawings were chosen with the same
image size and simple line borders. The Snodgrass & Vanderwart (1980) image database
was used, since Ventura (2003) had previously validated these images for the Portuguese
population. The stimuli were presented in a white background Microsoft PowerPoint slide
show, using a laptop computer.

The Portuguese version of the DuLIP (DuLIP-EP) encompasses one object
naming task, seven semantic tasks (semantic odd word out, semantic picture out, semantic
association, sentence completions - closed and broad context, semantic fluency, semantic
sentence judgment), four phonological tasks (repetition words, phonological odd word
out, phonological fluency and phonological sentence judgment), four syntax tasks (verb
generation, syntactic fluency, syntactic sentence judgment I & II), and one articulatory

task. Examples of some adapted tasks can be found in Figure 1.

[Figure 1 near here]

Regarding the phonological domain, the word repetition task contemplates six
groups that vary by the presence or absence of consonant cluster and phonemic
similarities, which results in a total of six complexity levels of the words. One
phonological odd word out task was included in the EP version, despite its absence on
the original study (De Witte et al., 2015). However, in order to include this task, it was
decided that the words would only be presented as auditory stimuli. Concerning the

phonological sentence judgment task, the pseudowords originally used did not conform



to Portuguese phonology, e.g., the syllabic structure and the position of the phonemes in
the syllable, so they were substituted for others that did. For the phonological fluency
task, phonemes /p, m, t/ were chosen for the EP version (Cavaco et al., 2013).

The verbal diadochokinesis task was used to evaluate the articulatory domain,
including the production of anterior sounds, which involve the orbicular musculature of
the lips, the tongue tip and the back of the tongue, so there was no need to adapt this task
to EP.

The use of synonyms in the naming task was analysed using the hit rate: If a
unique synonym was systematically used rather than the original literal translation in
more than 80 % of the collected data for a specific image (using the same cut-off /
threshold for the exclusion of items), the word related to that image was changed for that
synonym, in an attempt to have culturally more frequent and significant words for the
general population. In DuLIP-EP, only object naming is considered, since verbs are
assumed to be more complex to name and no EP validated action images are currently

available.

Standardising the DulLIP-EP

Participants and Data Collection

This normative study involved 144 healthy adult volunteers. The participants had to be
over 18 years old, with no upper age limit. The following additional inclusion criteria
were defined: EP as the mother tongue; no record of cardiovascular, neurological,
psychiatric or speech and language disorders; no record of substance abuse; normal vision
and hearing; no use of sleep induction, psychopharmaceutical or neuroleptic drugs; a
score over 24/30 on the Mini-Mental State Examination (MMSE). In the current study

the Portuguese version of the Addenbrooke’s Cognitive Examination III (Peixoto et al.,



2013) open access measurement tool was used instead of MMSE, but the results were
converted to MMSE scores (Matias-Guiu et al., 2018) in order to facilitate comparisons
with the original study (De Witte et al., 2015).

Participants were informed about the objectives of the study and gave written
consent. The selection of the participants was based on their availability to take the test
(convenience sample), and data were collected between April and August of 2019.

Procedures and Assessment Tools

Test administration, registration and correction of the items were discussed by the five
authors of this paper. Each test had an average duration of 90 minutes and included the
administration of the following assessment tools: Clinical history standardised form;
Addenbrooke’s Cognitive Examination III; DuLIP-EP. Data were collected by three
speech and language therapists who followed specific and previously defined
instructions. Example items were included in all tasks of DuLIP-EP to ensure that all
participants understood the proposed tasks. The tasks were applied in the same order.
The first DuLIP-EP task to be presented was the word repetition task. In this task
the person providing the stimuli read the word with good diction and projection while
stressing the tonic syllable. Lip reading was avoided. Participants were asked to
immediately repeat two and three-syllable words, e.g., <papel>/ <paper> and <barulho>
/ <noise>, respectively. Phonologically or semantically related words were not
sequentially presented to avoid perseveration. Afterwards, the phonological odd word out
task was presented. This task is not currently available in the Dutch version of DuLIP
because the original authors determined that it should be refined to better assess the
function targeted. However, for the EP version, it was decided that the stimuli would only
be presented auditorily and that this task would be kept in DuLIP-EP. Accordingly, the
participants listened to a list of four words where one of the words did not rime with the

others. The assessor read all the words with the same prosody, without emphasising the



intruder. This required some training before administering the task. The participant was
then asked to identify which of the words did not rime with the others. An example of
this task can be found in Figure 1 (A).

Then, reading with semantic odd word out task was presented. With this task it is
possible to evaluate the semantic judgement via the lexical visual input route, as well as
reading, verbal semantic knowledge and semantic processing. After that, the naming with
semantic odd picture out task was presented. The purpose of the task is to evaluate non-
verbal semantic judgment and naming. Just as in semantic odd word out task, semantic
knowledge and processing are evaluated but, instead of written words, pictures are
used. In both of these tasks, participants should see a sequence of three stimuli (picture
or word) in a PowerPoint presentation and identify the one that was not correlated with
the other two. Some examples of both tasks, reading and naming odd word out, are given
in Figure 1 (F) and (E).

Then, the semantic association task was presented to analyse the lexical-semantic
processing and also for assessing reading, semantic knowledge and producing words
according to a specified concept. Participants should read two words and add a third
semantically linked to the previous ones, e.g., <autocarro>/ <bus> and <carro>/ <car>
can be related to <comboio> / <train>. The next task to be applied was the semantic
sentence completion I (closed context), in which the participant should complete a
sentence in a closed context that was semantically correct. The aim was to evaluate speech
production and reading, language dynamics and production of semantically and
syntactically appropriate speech. It also allowed the evaluation of the auditory input route,
semantic awareness, knowledge and comprehension, e.g., <A mulher... 1&> / <The

woman... reads>.



After that, the verb generation task from the syntactic domains was applied. In
this task, 50 singular nouns were presented so that the participant could relate them to a
verb, evoking it. The answers considered correct were those that were closely linked to
the verb presented. Incorrect answers, that is not related to the verb, were excluded. For
example, for the item shown in Figure I (D), <barco> / <boat>, one possible correct
answer is <navegar>/ <to sail>, and one incorrect answer could be <comer>/ <fo eat>.

A verbal diadochokinesis task was also used to evaluate the articulatory
domain. This task aimed to evaluate articulatory performance, i.e., the planning,
coordination and execution abilities of the motor speech system by measuring the ability
to repeat a segment of speech at high rate. It is one of the recommended tasks to evaluate
neurological disorders (Devadiga & Bhat, 2012): Alternating motion rate (AMR) (e.g.,
PAPAPA) and sequential motion rate (SMR) (e.g., PATAKA) are the two traditional tests
of oral diadochokinesis used to assess motor speech production (Pierce et al., 2013).

Then the naming task was applied. Despite being related to the semantics’ domain,
naming skills were assessed and analysed separately through a task of object naming,
given its clinical importance and transversally. In this task, 100 simple black and white
line drawings were presented and the participant named them, within a time frame of 4s.
Each image was accompanied by an inducing sentence <Isto ¢...> (<This is....>), as
shown in Figure 1 (C).

The final tasks, had no time frame. These included the phonological sentence
judgment task that was then presented (example in Figure 1 (B)), aiming to assess
phonological awareness by asking the participants to point out which of the auditorily
presented sentences was phonologically correct and incorrect (incorrect sentences
contained pseudowords). This task also measures phonological decoding and verbal

short-term memory (De Witte et al., 2015). Phonological fluency was assessed with a task



that involved the production (in one minute) of as many words beginning with /p/, /m/ or
/r/ (Cavaco et al., 2013) as participants could, after being instructed to avoid repetitions.
Participants could say words belonging to any part of speech, e.g., proper nouns, common
nouns, verbs and adjectives. For example, for the phoneme /p/, the answers could be
<Pedro>, <pau> /<stick>, <presentear>/<to give> or <potente>/<potent>. This task
assessed the ability to evoke phonemes and required several cognitive domains such as
lexical and phonological memory, self-monitoring and cognitive flexibility (Baldo et al.,
2006; Satoer et al., 2013).

Subsequently, the judgment of semantically anomalous and correct sentences
(semantic sentence judgment) task was presented. The goal of this task was to
discriminate between semantically correct and incorrect sentences (50 items). It allowed
the evaluation of the auditory input route, semantic awareness, knowledge and
comprehension and was used to assess temporal cortical and subcortical areas (Bello et
al., 2007; Bertani et al., 2009; Pereira et al., 2009; Santini et al., 2012). For example, the
item <O gato esta a vestir roupa> (<The cat is putting on clothes>).

Then, the semantic fluency task was used to appraise word generation and
semantic knowledge, through the production of the maximum number of animal and job
names within a minute (for each category). The assessment of the semantic domain also
included a semantic sentence completion (broad context) task, with similar goals to the
closed context task, which induced more complete and open answers. For the item <A
rapariga comegou...> (<The girl began...), one possible answer is “<a estudar> (<to
study>).

After that, the Syntactic Judgment I & II tasks were applied. These tasks aimed to
assess the ability of discriminating between correct and incorrect sentences, in 25 items

per task, considering different types of errors. The Syntactic Judgment I task included



incorrect word order in a sentence (e.g., <O cha bebe a mulher> / <The tea drinks the
woman>), and the Syntactic Judgment II task was based on errors in nouns and verbs
conjugations and lack of preposition (e.g., <Estou cansado de sentado> / <I am tired of
sar>). All of the sentences in previous tasks (Syntactic Judgment I & II) varied in type
and voice. These tasks involve frontal areas of the cortex. The application of DuLIP-EP
ended with a fluency syntactic task, that aimed to induce the production of a maximum
quantity of verbs possible within a minute.

The questions were answered orally and written down by the assessor. If the
participants showed any signs of fatigue during the application of DuLIP-EP, the test was
interrupted and postponed to a later date, if necessary. To score the tasks in the DuLIP-
EP, a point was given for each correct answer that respects the time limit. One repetition
was allowed. When the assessor had any doubts about how to score a test, the working
group (three STLs) discussed until a consensus was reached. Self-corrections were
allowed and considered correct as long as they respected the time limit.

In the DuLIP-EP, the tasks are split into two groups: Time-limited and not time-
limited. The stimulus provided (DES) should not take more than 4s, preventing epileptic
seizures (Duffau, 2016), so the language tasks should be performed within this time

frame. In Table 1 tasks are grouped according to their time limit (4s) or no time limit.

[Table 1 near here]

Data analysis

Data obtained from the 144 participants were initially registered in a Microsoft Excel
2019 database and subsequently analysed with IBM SPSS Statistics 24. The stimuli
adaptation hit rate (number of correct answers / number of total answers) was calculated

per task and per item. Following the premise that items from widely used



neuropsychological batteries have been considered to discriminate brain-damaged
patients from normal controls when hit rates (in normal controls) are higher than 90%
(Robert et al., 2007), items in DuLIP-EP were only kept if the hit rate was above 90%.
This was also the hit rate used in the original study (De Witte et al., 2015), with one
exception: In the object naming task, items were changed if less than 80% of the
participants correctly named the presented image.

Descriptive statistics were used to characterise the sample and summarise the data
based on different measurements. The sample was demographically characterised
according to data available for the different regions of Portugal (INE, 2015). The
handedness of the participants was also registered. Moreover, two gender groups (male
and female), two age groups (< 54 years of age and > 54 years of age) and two years of
schooling groups (< 12 years of schooling and > 12 years of schooling) were considered
for the analyses of the results.

Eurostat data (EUROSTAT, 2020), shows that the average life expectancy in
Portugal and Netherlands is the same (82 years of age), so the same age threshold (54
years of age) as in the original study (De Witte et al., 2015) was used to form the two age
groups, allowing for direct comparison between the Dutch and Portuguese studies. Since
compulsory education in Portugal comprises 12 years of education, the 12 year threshold
was used to form the two education groups, which is also the same as in the original study
(De Witte et al., 2015).

The dependent variables included the number of correct answers per task. The
average number of words produced per minute were calculated for the fluency tasks. The
verbal diadochokinesis tasks were used to determine the average number of seconds taken
to pronounce the monosyllabic words. Graphic and statistical methods (Shapiro-Wilks

test) were applied to explore the normality of the data distribution. Considering that the



majority of the variables studied did not follow the normal distribution, the non-
parametric Mann-Whitney U test was used to measure the effects of age, years of
schooling and gender on ordinal test scores.

Since there was a large number of variables under study, in an atempt to reduce
the statistical error of the tests, the p-value was corrected using the Sidak correction
method. A p-value of 0.0010 was used as the criterion of significance (18x3 for age,

gender and years of schooling).



Results

Sample characterisation

The average age of the sample was 36.81+14.86 [range 18 to 89] years old. Two age
groups were established: 18 to 54 years old (n=121) and 55 years and older (n=23). Both
male (n=62) and female (n=82) participants were included. The average years of
schooling were 15.36+4.14 [range 4 to 24]. Participants who integrated the >12 years of
schooling group (n=132) outnumbered those from the <12 years of schooling group
(n=32). According to the MMSE scores, none of the participants were cognitively
impaired (28.64+0.97 points). Most of the participants were from the Centre (n=94) and
North (n=35) of Portugal. The remaining were from the Lisbon Metropolitan Area (n=13)
and the Autonomous Region of Madeira (n=2). The demographic data of the participants

are detailed in Table 2.

[Table 2 near here]

Adaptation of phonological tasks

During the adaptation of the word repetition task 222/300 (74%) of the items were
changed, since the literal translation did not meet the linguistic criteria of the original
DuLIP. These changes were either new insertions or transfers from one level to another.
A total of 140 words (47%) were inserted and 82 (27%) were moved from their original
group and integrated into another complexity group. The remaining 78 words (26%)
resulted from literal translations and were not moved into another complexity level.

This initial translation and adaption of DuLIP was evaluated using the hit rate,
calculated on a per item basis, from the results of the application of DuLIP-EP to the 144

study participants.



The hit rate for this task was 99.63%: Only the word <limiar> had a hit rate
(78.47%) which was lower than the cut-off score (90%). After this item was eliminated,
the hit rate was recalculated and a score of 99.70% was achieved for the word repetition
task. The phonological odd word out task included 60 monosyllabic words distributed
across 15 groups. The items inside each group shared the same syllabic structure. The hit
rate initially calculated for this task was 96.13%. After removing item 8, which had a hit
rate of 88.89%, a final score of 96.69% was reached. This item consists of the sequence
‘<ché-po-la-pa> ([ 'fa'po'la’pa]), translation of <tea-dust-there-shovel>.

The hit rate for the phonological judgment task was 99.75%. None of the items
scored less than 90%, so no sentences were deleted. In the verbal diadochokinesis task, 5

items exceeded the 4-second mark.

Adaptation of naming tasks

As explained previously, an 80% hit rate of correct naming item inclusion/retention
criteria was considered exclusively for these tasks, which resulted in the exclusion of two
images: <boneca> (<doll>) (67.36%), which was frequently named as <menina>
(<girl>); <patim> (<roller skate>) (77.08%), confounded with various objects. The final

naming task was therefore composed of 98 objects with a final hit rate of 97.40%.

Adaption of syntactic tasks

In the Syntactic Judgment I task, one item had to be excluded (item 13), since the hit
rate of this item was only 85.42%, whereas in the Syntactic Judgment II task, no change
had to be made. For the same reason, six words (nouns) had to be excluded from the
Verb Generation Task. An example is <mente> (<mind>) that was frequently related to
its homonym that is connected to a different verb (<to lie>). Hit rates, in this case, were

between 80.56% and 89.59%. As a result, the final version of the Verb Generation Task



was composed of 44 items (the hit rate of this task was 96%), and the Syntactic
Judgment I & II included 24 and 25 items, with a final hit rate per task of 98% and 99%,

respectively.

Adaptation of semantic tasks

The semantic tasks that produced errors were: Reading with Semantic Odd Word Out;
Naming with Semantic Odd Picture Out; Semantic Association; Semantic Judgment;
Semantic Sentence Completion.

In the Reading with Semantic Odd Word Out task, five items were excluded since
their hit rates were between 83.33% and 88.89%. Two items were eliminated from the
Naming with Semantic Odd Picture Out task because their accuracy rate was lower than
90%. Eleven items were removed from the Semantic Association task, having revealed
hit rates as low as 61.11%. Four sentences in the Semantic Judgment task had hit rates
between 77.78% and 89.58% and were therefore suppressed. No items had to be
eradicated from both Semantic Sentence Completion tasks.

The DuLIP-EP final version resulting from this adaptation stage, included 17
tasks, with a hit rate for each task and the items that had to be eliminated after the initial

translation and adaptation, shown in Table 3.

[Table 3 near here]

Standardisation

Results were statically analysed, focusing on each variable (gender, age and years of
schooling) and using Sidak’s correction (p=0.0010) as in the original study (De Witte et
al., 2015), in order to understand their practical impact in the performance of different

tasks. It is important to consider that the sample of the present study (N = 144) is not



equally distributed among the 3 variables contemplated. A table with the p-values for
each task and variable can be found in Appendix L.

No significant differences were found between male and female participants of
this study, both in terms of average age (p = 0.269) and average years of schooling (p =
0.293). In general, participants obtained high scores, meaning that the average score is
not far behind the maximum score.

As in the original study (De Witte et al., 2015), percentiles were calculated in
order to define a cut-off score to distinguish patients that are considered to be
pathologically impaired (percentile 2) and from those that are clinically impaired
(percentile 7). These cut-off values were empirically defined and based on prior clinical
practice, experience and methodologies (Palmer et al., 1998). Normative data resulting
from this study is shown in tables 4 to 6, for four groups (Table 4) in tasks influenced by
age and years of schooling, for two groups in tasks influenced by the years of schooling
(Table 5), and for one group with all the participants (Table 6) in the tasks with no
significant differences in terms of gender, age and years of schooling.

There was a significant difference in scores considering the younger and older
less educated groups, and between older/less educated and younger/highly educated, for
the reading with semantic odd word out task. The group with highest performance was
the younger and highly educated, and the group with lowest performance was the oldest
and less educated, as shown in Table 4. Mean value across the different groups was 19.02,
where the minimum score obtained was 5 and the maximum 20, and the percentiles 2 and

7 were 11.80 and 16.00, respectively.

[Table 4 near here]



The semantic fluency task was also influenced both by years of schooling and age.
Considering the four groups shown in Table 4, the mean score was 20.90 evoked words
per minute, the minimum was 9.5 and the maximum 32.5.

Considering verb generation performance, only years of schooling influenced the
scores and there was a clear high performance (shown in Table 5) among the population
who had more than 12 years of schooling (highly educated), achieving scores near the
highest score possible in this task (a total of 46 points / correct items). Participants with
fewer years of schooling achieved scores around 40 correct items (less than 87% of the

maximum score). The global mean score for this task was 44.29.

[Table 5 near here]

Years of schooling also had an influence on syntactic fluency, evidenced by the
larger number of verbs evoked per minute among the highly educated population, as
shown in Table 5. Only this group obtained scores between 35 and 40. The mean score
across both groups was 22.4 words per minute, the minimum 5 and maximum 40.

Similarly, the naming task was only influenced by the years of schooling and as
expected, high performance was found among the highly educated group as shown in
Table 5. However, some of the less educated participants achieved the same amount of
correctly named images, near the maximum score obtained (98). The global mean score
for this task were 95.43.

Table 6 shows the normative data for all the other tasks with non-significant

difference for gender, age and years of schooling.

[Table 6 near here]



Discussion

During this study, the tasks of DuLIP were translated and adapted for the Portuguese
population and then applied to a group of normal participants in order to obtain normative
data. This new version of DuLIP was based on the same constructs as the original one
(De Witte et al., 2015). Therefore, it can also be used in pre, intra and post-operative
surgeries with a patient with LGG, in awake brain surgery in Portugal.

During the adaptation process, an effort was made to keep the maximum possible
number of original DuLIP items, using their literal translation, but still all of these items
had to conform to specific psycholinguistic properties. Accordingly, some items had to
be eliminated or replaced due to linguistic and cultural incompatibilities. All tasks and
their items were discussed in an expert group that integrated the original authors of the
DuLIP, and only after consensus was found did the items integrate the protocol.

The DuLIP-EP was administered to 144 participants and due to the minimum hit
rate criteria of 90% in all tasks except in the object naming task with a hit rate of 80%,
some items had to be removed and so the total number of items for each task decreased
because participants did not respond within the 4 s time limit or answered incorrectly.
Therefore, it was not be possible to make direct comparisons with all the results of the
original study (De Witte et al., 2015), but some of the effects observed then, were also
present in the current study: For example, there was not a significant difference between
male and female participants. These gender differences have been shown to be negligible
both during cognitive development (Ardila et al., 2011) and in adulthood (De Witte et al.,
2015), and the current Portuguese results seem to corroborate this idea.

The fluency (phonological, syntactic and semantic), reading with semantic odd
word out, verb generation and object naming tasks were influenced by years of schooling.

Participants with more years of schooling showed better results, coinciding with the



original study (De Witte et al., 2015). This is also corroborated by several authors in
different studies (Ganguli et al., 2010). Similar phonological fluency and semantic tasks
conclusions can found in the literature (Cavaco et al., 2013), namely the effects of age
and gender are less pronounced than the effects of years of schooling.

The tasks of reading with semantic odd word out and semantic fluency were
influenced by age as well, so four groups were created intersecting the younger/older
population with high/low educated. The group with < 54 years old participants and > 12
years of schooling obtained the best results, both in the semantic fluency task and in the
reading with semantic odd word out task. In the original study (De Witte et al., 2015) the
same four groups were created, and the results were similar: There was a significant
difference when comparing the older/less educated population with the younger/highly
educated sample. The older participants are, the lower the test score is and the lower the
education level is the lower the scores are (De Witte et al., 2015; Papatzalas et al., 2020).

Cut-offs were calculated and analysed for the four existing groups. Since our
sample is smaller than the original, the values of percentile 2 and 7 are not very accurate.
Nevertheless, we have opted to present the table with the groups created and the
respective values and percentiles for illustration purposes.

Participants found it more difficult to answer correctly or within the time limit
during the semantic association task, with 11 items eliminated. In the original study, this
was also the most difficult task possibly because in order to produce the correct answer it
1s necessary to ensure intact reading, semantic knowledge, language initiation, memory,
attention and executive function (De Witte et al., 2015). A small number of items also
had to be excluded from the verb generation, object naming, syntactic judgment I,
semantic judgment, repetition of words and phonological odd word out tasks.

Nevertheless, the mean scores obtained in each task are close to the maximum score



possible, which means that, globally, a good performance was achieved and few doubts,
hesitation and ambiguities were perceived regarding the items included. The phonological
odd word out task was included in DuLIP-EP, however the stimuli were adapted so as to
be provided auditorily.

The use of synonyms on the naming task was frequent and mostly related to the
participants’ origin (most from northern Portugal). Yet, one item had to be changed
considering the amount of times that was used instead of the original translation (>80%)
(<dedo> / <finger> instead of <polegar> /<thumb>).

The need for this study arises from the lack of validated instruments that can be
used in awake brain surgeries. As shown by Spena et al. (2017), in Portugal, awake brain
surgeries are used on a small scale compared with the other 19 countries presented. Some
data regarding the Portuguese practice in Garcia de Orta’s Hospital in Almada is
presented, such as the inexistence of a SLT during surgery. According to the same authors
(Spena et al., 2017), the presence of a SLT in this surgical context is only considered in
four cities: Madrid, Nice, Poitiers and Paris. It is known that there are other hospitals in
Portugal where this kind of surgery is performed, however, only Anaesthesiology studies

have been presented (Oliveira et al., 2011; Silva et al., 2014).



Conclusions

Better knowledge about the history of LGG, their behaviour and clinical outcomes, as
well as the techniques available to map and resect this particular brain tumour, contributes
to our understanding of how to control this disease aiming to improve quality of life in
these patients. A validated assessment test battery is an essential tool to map the language
functions in the brain, in order to preserve them in post-operatory time.

The main goal of this study was to linguistically and culturally adapt the DuLIP,
as well as to contribute to its standardisation in Portugal. The test battery has a wide range
of speech and language levels: Articulation, phonology, semantic and syntactic.
Accordingly, stimuli were carefully created based on literal translations and in
compliance with the psycholinguistic properties of the original instrument. This test
battery was applied to a sample of 144 healthy Portuguese participants. Data were
analysed according to age, gender and years of schooling of the participants. The results
show that the tasks have a high hit rate and their mean scores are close to the maximum
possible.

The DuLIP-EP is a test battery that can be used to assess language and articulation
skills in pre-, intra- and postoperative moments in EP-speaking patients. This test battery
has yet to be validated. To the author’s best knowledge, no other language evaluation
protocol for use during awake brain surgery has yet been adapted or validated for EP.
Therefore, this is an innovative study in Portugal, where it will fill an existing gap in
clinical practice and contribute to improving the quality of life of patients.

Limitations and future work

The internal consistency, test-retest reliability, criterion validity and construct validity of
DuLIP-EP have yet to be studied, however, this was not the aim of this paper. In order to

validate DuLIP-EP it is necessary to increase the number of items per task, since it was



not possible to compare the results obtained with the original study, due to these
differences.

In the future it is important to increase the number of participants in order to be
able to use more powerful statistical tests. Another limitation is that, the four groups
created, are very heterogenous in terms of the number of participants, so it would be
important to ensure balanced groups in future work.

Since previous studies of similar assessment instruments (designed for awake
brain surgery) have been conducted with patients, the comparison with a normal
population such as ours is quite difficult. It is vital to use the DuLIP-EP protocol with
clinical cases, to test its application and comprehend the patient’s performance.

As the main outcome of this study, there is now a Portuguese version of DuLIP
which could be effortlessly adapted to clinical practice in that country. The translation
and adaptation procedures, and the analysis task of performance developed during this

study can be easily adopted by other teams that will adapt similar assessment instruments.
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Table 1: Intraoperative linguistic tasks from DuLIP-EP

Timing of assessment(s) Linguistic level

Task

During DES (in 4 s) Phonology

Semantics

Syntax

Articulation

Naming
Not during DES (without Phonology
time limit)

Semantics

Syntax

- Word repetition

- 3-syllable words without CC and
PS

- 3-syllable words with CC without
PS

- 2-syllable words without CC and
PS

- 2-syllable words with CC and
without PS

- 3-syllable words without CC and
with PS

- 3-syllable words with CC and PS
- Reading with semantic odd word
out* and

- Naming with semantic odd picture
out*

- Semantic association*®

- Sentence completion (closed
context)*

- Verb generation™®

- Verbal diadochokinesis™

- Object naming*

- Phonological sentence judgment
- Phonological odd word out

- Phonological fluency

- Semantic sentence judgment

- Semantic fluency

- Sentence completion (broad
context)*

- Syntactic sentence judgment I & II
- Syntactic fluency

*presented as a Microsoft PowerPoint 2019 slide show; CC = Consonant cluster; PS =

Phonemic similarities



Table 2: Demographic characteristics of the participants

Demographics Average St. Dev. Range
Age (y) 36.81 14.86 18-89
Schooling (y) 15.36 4.14 4-24
MMSE 28.64 0.97 25-30

Demographics Groups N. of participants Percentage

Gender M 62 43.10%

F 82 56.90%

Age (y) 18-54y 121 84.03%

+55y 23 15.97%

Schooling (y) <12 32 22.22%

>12 112 77.78%

Region North 35 24.31%

Centre 94 65.28%

Lisbon metropolitan area 13 9.03%
Madeira islands 2 1.4%

Handedness L 3 2.08%
A 1 0.67%

R 140 97.22%

MMSE = Mini-Mental State Examination; M = male; F = female; y = years; L = left-handed; A
= ambidexter; R = right-handed



Table 3: Adaptation results

Linguistic level =~ Tasks Hit rate (initial-final) Items eliminated (%)

Phonology Word repetition 99.63% - 99.70% <Limiar> (78.47%)
Phonological odd  96.13% - 96.69% Item 8 (88.89%)
word out
Phonological 99.75% e
judgment
Phonological =~ —-m-mrmmemm e e
fluency

Articulatory Verbal = s
diadochokinesis

Semantics Reading with 93.55% -95.31% Item 5 (83.33%)
semantic odd Item 6 (88.89%)
word out Item 12 (86.80%)

Ttem17 (87.50%)
Ttem 19 (86.11%)

Naming with 96.87% - 98.02% Item 20 (85.42%)
semantic picture Item 21 (81.94%)
out

Semantic 87.01% - 95.50% Item 5 (86.81%)
association Item 10 (75.00%)

Item 11 (81.94%)
Item 12 (61.11%)
Item 13 (62.50%)
Item 16 (87.50%)
Item 17 (84.72%)
Item 18 (81.94%)
Item 21 (68.96%)
Item 22 (69.44%)
Item 23 (79.17%)

Sentence 98.08% e

completion

(Closed context)

Sentence 99.67% e

completion

(Broad context)

Semantic 97.58% - 98.72% Sentence 5 (85.42%)

judgment Sentence 14 (77.78%)
Sentence 23 (89.58)
Sentence 34 (85.42%)

N T 1 o S ———

Syntactic fluency = --------------




Table 3 (continued): Adaptation results

Linguistic level  Tasks Hit rate (initial-final) Items eliminated (%)
Naming 96.91% - 97.40% <Boneca> (67.36%)
<Patim> (77.08%)
Syntax Syntactic 98.18% - 98.74% 1 sentence (84.72)
judgment I
Syntactic 98.08% e
judgment I1

Verb generation 94.90% - 96.12% <Sopa> (87.50%)
<Hotel> (83.33%)
<Fato de banho >
(88.19%)
<Idioma> (89.59%)
<Mente> (80.56%)
<Gato> (87.5%)

Syntactic fluency = --------------




Table 4: Normative data for the tasks influenced by age and years of schooling

Younger and Younger and less Older and less Older and highly

highly educated educated educated educated
= g Mean 19.57 Mean 1790 Mean 13.60 Mean 19.38
‘; 3 8 Median 20.00 Median 18.50  Median 13.50 Median 19.00
0.2 O St.Dev. 0.95  St. Dev. 2.38 St. Dev. 4.19 St Dev. 0.65
£ & 2 Percentile 2 15.48 Percentile 2 12.00  Percentile 2 5.00  Percentile2  18.00
2 g g Percentile 7 18.00 Percentile 7 12.00  Percentile 7 5.00  Percentile7  18.00
O
~ 2
o Mean 21.73 Mean 20.90 Mean 14.35 Mean 19.08
*é & Median 22.00 Median 19.75  Median 14 Median 16.50
g 5 St. Dev. 4.41  St. Dev. 4.16 St. Dev. 2.77 St. Dev. 4.23
2 é Percentile2  11.86 Percentile 2 16.00  Percentile 2 9.50  Percentile2  11.50

Percentile 7 15.50 Percentile 7 16.00  Percentile 7 9.50 Percentile 7 11.50



Table 5: Normative data for the tasks influenced by years of schooling

Task Highly educated Less educated
_ Mean 18.22 Mean 14.20
s Median 17.67 Median 15.00
gn 2 St. Dev. 4.96 St. Dev. 3.89
= 8 Percentile 2 10.00 Percentile 2 7.00
g é Percentile 7 11.33 Percentile 7 7.63
x
Mean 44.89 Mean 40.60
g Median 46.00 Median 42.50
‘eg St. Dev. 2.19 St. Dev. 5.51
o 8 Percentile 2 35.50 Percentile 2 27.00
5 § Percentile 7 41.00 Percentile 7 28.41
)
o Mean 23.43 Mean 16.30
B2 Median 23.00 Median 15.50
E § St. Dev. 7.03 St. Dev. 7.53
c/>f o Percentile 2 7.50 Percentile 2 6.00
Percentile 7 13.75 Percentile 7 6.47
Mean 96.01 Mean 91.85
20 Median 97.00 Median 93.00
g St. Dev. 2.09 St. Dev. 5.42
Z. Percentile 2 91.00 Percentile 2 81.00
Percentile 7 92.75 Percentile 7 81.47




Table 6: Normative data for the tasks with no significant differences for gender, age and

years of schooling

Phonological Repetition of Phonological Semantics odd Semantic

Intruder words analysis picture out association
Mean 13.50 Mean 298.13 Mean 2994  Mean 22.63 Mean 13.40
Median 14.00 Median 299.00 Median 30.00 Median 23.00 Median 14.00
St. Dev. 1.31 St. Dev. 1.15 St. Dev. 0.26 St. Dev. 0.91 St. Dev. 1.08
Percentile 2 8.80 Percentile 2 295.00  Percentile2  29.00 Percentile2 18.90  Percentile2 10.70
Percentile 7 12.00 Percentile 7 296.00 Percentile 7 30.00 Percentile 7 21.00 Percentile 7 12.00

Semantic Semantic . . Syntactic Syntactic

. . Semantic analysis . .

completion (close)  completion (broad) judgment [ judgment I1
Mean 2451 Mean 2492 Mean 4542  Mean 23.72  Mean 24.51
Median 25.00 Median 25.00 Median 45.00 Median 24.00 Median 25.00
St. Dev. 0.95 St. Dev. 0.30 St. Dev. 0.99 St. Dev. 0.63 St. Dev. 0.81
Percentile 2  21.90  Percentile 2  24.00 Percentile 2  42.90  Percentile2 21.90 Percentile2 22.00
Percentile 7 23.00  Percentile 7 24.00 Percentile 7 44.00  Percentile 7 22.15  Percentile 7 23.00




<Mel> (<honey>) <0 gaco corre para a Lirdo>

<Fel> (<gall>) <A tempestade estragou as vindimas> Isto 6.
<Gel> (<gel>) <O cromel faz um jagole>
<Mil> (<a thousand>) <A roupa esta pendurada na corda>
A B C

<Livro> (<book>)

Barco % % %:@c - <Mar> (<sea>)
D \ @ <Revista> (<magazine>)
- E <Jornal> (<newspaper>)

F

Figure 1. Examples of adapted tasks. (A) Phonological odd word out. The target is <mil>
because it is the only word that does not rhyme with the others. (B) Phonological sentence
judgment. The objective is to validate the sentences: The first and the third sentences are
wrong and the second and fourth sentences as correct. (C) Naming. The target is
<bicicleta> (<bike>). (D). Verb generation. One possible target would be <navegar>,
because it’s a verb related to the noun although more answers (synonyms such as
<velejar>) are correct. (E) Naming with semantic odd picture out. The target is <telefone>
(<telephone>) because it’s not semantically related to the other two images. (F) Reading
with semantic odd word out. The target is <mar> (<sea>) because it’s not semantically

related to the other three words.
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Linguistic Task Parameters Gender Age Years of study
Area
repetition words U 1845.50 1304.50 1468.50
Z -3.089 -0.522 -1.709
p-value 0.002 0.602 .087
phonological odd word out U 2382.00 1209.50 1381.00
2 Z -0.845 -1.299 -2.585
2 p-value 0.398 0.194 010
E phonological fluency U 1844.5 964.00 1025.00
~ Z -2.815 -2.332 -3.687
p-value 0.005 0.02 .000*
phonol. sentence judgment U 2469.50 1329.00 1689.50
Z -0.785 -0.915 -1.322
p-value 0.432 0.360 .186
O o Verbal diadochokinesis 18] 2196.00 1059.50 1767.50
"5 é S Z -1.505 -1.811 -0.118
p-value 0.132 0.070 .906
Reading with semantic odd word out U 2378.500 691.000 951.500
Z -.760 -4.400 -4.653
p-value 447 .000 .000*
Naming with semantic odd picture U 2464.000 995.500 1308.500
out Z -.444 -3.049 -3.281
p-value .657 .002 .001
Semantic association U 2042.500 1122.000 2042.500;
Z -2.363 -1.837 -2.363
- p-value .018 .066 .018
= Semantic sentence completion U 2073.500 1122.000 1372.500
s (closed context) Z -2.363 -1.837 -2.520
E p-value 018 066 012
Semantic sentence completion (broad U 2454.000 1298.000 1605.000
context) Z =772 -1.108 -1.953
p-value 440 .268 .051
Semantic fluency means U 1916.500 628.500 849.500
Z -2.526 -4.164 -4.533
p-value .012 .000* .000*
Semantic sentence judgment U 1909.000 1128.500 1411.500
Z -2.947 -1.655 -2.110
p-value .003 .098 .035
syntactic judg. I U 2519.00 1353.00 1656.00
Z -0.150 -0.300 -0.935
p-value 0.881 0.746 .350
syntactic judg. II U 2265.00 1333.50 1381.50
y Z -1.351 -0.382 -2.384
8 p-value 0.177 0.702 .017
% verb generation U 1903.00 1002.00 783.50
Z -2.769 -2.281 -5.205
p-value 0.006 0.023 .000*
syntactic fluency 18] 1969.50 863.00 884.00
Z -2.312 -2.885 -4.368
p-value 0.021 0.004 .000*
0 object naming U 2267.50 865.00 932.00
E Z -1.129 -2.926 -4.212
3 p-value 0.259 0.00343 .000*

Appendix 1: Table with the p-values per category and task. * p <.001
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