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ABSTRACT

Working memory (WM) is one of the most studied cognitive constructs in psychology, because of
its relevance to human performance, including language processing. When measuring verbal WM for
sentences, the reading span task is the most widely used WM measure for this purpose. However,
comparable sentence-level updating tasks are missing. Hence, we sought to develop a WM updating
task, which we termed the selective updating of sentences (SUS) task, which taps the ability to constantly
update sentences. In two experiments with Finnish-speaking young adults, we examined the internal
consistency and concurrent validity of the SUS task. It exhibited adequate internal consistency and
correlated positively with well-established working memory measures. Moreover, the SUS task also
showed positive correlations with verbal episodic memory tasks employing sentences and paragraphs.
These results indicate that the SUS task is a promising new task for psycholinguistic studies addressing
verbal WM updating.
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Working memory (WM) represents a temporary mental platform for maintaining,
accessing, manipulating, and coordinating information (Baddeley, 2000; Oberauer,
Siif, Wilhelm, & Wittman, 2003). WM is central to volitional mental activities,
such as reasoning (Sii3, Oberauer, Wittmann, Wilhelm, & Schulze, 2002), ex-
ecutive control in everyday life (Kane, Brown, et al., 2007), and multitasking
(Hambrick, Oswald, Darowski, Rench, & Brou, 2010).

According to the seminal model by Baddeley and Hitch (1974), WM con-
sists of a limited-capacity attentional system (the central executive) that interacts
with two autonomous slave systems (phonological loop and visuospatial sketch-
pad). The phonological loop with its subvocal rehearsal and phonological storage
components is most directly related to language processing and language learning,
but the other WM systems are relevant to language and language disorders as well,
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including the more recently added episodic buffer component (Baddeley, 2003).
Verbal WM is a strong predictor of reading comprehension (Daneman & Merikle,
1996), and has shown to be associated with several language-related integration
processes, such as resolving lexical ambiguity (Mason & Just, 2007; Miyake, Just,
& Carpenter, 1994), disregarding irrelevant details when reading text (Sanchez
& Wiley, 2006), and drawing contradicting conclusions from a text (Oberauer,
Weidenfeld, & Hornig, 2006).

Because of the central role of WM in higher order cognitive abilities including
language processing, several task paradigms have been developed to measure in-
dividual WM capacity. The most frequently used paradigm is the complex span
task (CST), and some researchers have even considered the CSTs as the gold stan-
dard among WM capacity measures (Conway et al., 2005). What all variants of
the CST have in common is that one must keep in mind a series of items while
performing an intervening task in between the stimuli to be remembered (Redick
et al., 2012). Thus, the task imposes both storage and processing load on WM: the
former load varies according to target item number, while the latter one induced
by the intervening secondary task remains constant. The first CST was introduced
by Daneman and Carpenter (1980), who deployed a reading span task in which
participants were to simultaneously judge the semantic correctness of sentences
and remember the sentence-final words in correct order. Other commonly used
CSTs include the operation span task (Turner & Engle, 1989), where participants
are asked to read and verify a simple math problem and then remember a digit
after the operation, and the symmetry span task (Kane et al., 2004) that requires
symmetry judgments and remembering spatial locations. CSTs have been shown
to be associated with various aspects of cognitive performance, such as language
comprehension and fluid intelligence (Daneman & Merikle, 1996; Unsworth &
Engle, 2007). Moreover, the CSTs typically demonstrate excellent psychometric
properties by showing high test—retest reliability, high internal consistency, con-
vergent and discriminant construct validity, and criterion-related validity (Conway
et al., 2005; Redick et al., 2012).

Another aspect of WM that has been extensively investigated is the “updating”
component. Together with task switching and inhibition of prepotent responses,
WM updating has been identified as one of three primary executive processes
(Miyake et al., 2000). It can be defined as the ability to store and modify in-
formation (Morris & Jones, 1990), achieved by removing outdated items (Ecker,
Lewandowsky, & Oberauer, 2014; Ecker, Oberauer, & Lewandowsky, 2014), by
adding new items, and/or by modifying information in WM (Kessler & Meiran,
2006, 2008; Kessler & Oberauer, 2015; Oberauer, 2002). Often used WM updating
tasks include the N-back task, the Keep Track task, and running memory tasks.
What these tasks have in common is that participants are prompted to replace ear-
lier information in WM with newer information as the task progresses (Lechuga,
Pelegrina, Pelaez, Martin-Puga, & Justicia, 2016). As with the CSTs, WM updat-
ing has shown to be closely related to higher level cognitive abilities such as fluid
intelligence and reading comprehension (Carretti, Borella, Cornoldi, & De Beni,
2009; Friedman et al., 2006; Palladino, Cornoldi, De Beni, & Pazzaglia, 2001).
Moreover, most of the recent findings indicate that performance in CSTs is a strong
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predictor of performance in WM updating tasks (Ecker, Lewandowsky, Oberauer,
& Chee, 2010; Schmiedek, Hildebrandt, Lovdén, Wilhelm, & Lindenberger, 2009;
Schmiedek, Lovdén, & Lindenberger, 2014; Wilhelm, Hildebrandt, & Oberauer,
2013), albeit less so with the N-back task (see Redick & Lindsey, 2013, for a
meta-analytic review). Thus, possibly with the exception of the N-back task that
has been criticized for lacking in construct validity (Kane, Conway, Miura, &
Colflesh, 2007), current evidence indicates that both the CSTs and WM updating
tasks rely heavily on the same complex cognitive processes (Ecker et al., 2010;
Schmiedek et al., 2014).

The issue of the ecological validity of the currently available WM tasks has
been raised recently. This discussion has mainly taken place in the context of
WM training studies, with the notion that training paradigms and pre/post tests
often represent rather artificial laboratory tasks (Holmes, 2011; Holmes & Gath-
ercole, 2014; Klingberg, 2010; Moreau & Conway, 2014; Shipstead, Redick, &
Engle, 2010). Tasks such as the CST are repetitive and predictable, typically us-
ing unrelated digits, letters, or spatial locations as stimuli (but see the reading
span task described above). It has been suggested that future tasks should target
WM mechanisms from a more ecological perspective (for a review, see Moreau
& Conway, 2014). We applied this idea to the field of language processing by
devising a new verbal WM updating task that operates with sentences. Reading
sentences is something literates do on a daily basis, and the ability to process tex-
tual information is related, for example, to academic accomplishment, financial
success, and socioeconomic status (Ricketts, Sperring, & Nation, 2014; Ritchie &
Bates, 2013). Verbal WM has been considered as crucial for the ability to process
sentences, because this ability requires rapid computation of linguistic relations
between temporally distal parts of the sentence (Lewis, Vasishth, & Van Dyke,
2006).

Our novel verbal WM updating task is coined the selective updating of sentences
(SUS) task. The SUS task is a modified version of the paradigm presented by Murty
et al. (2011). In their updating task, participants were asked to keep sequences
of digits in mind by selectively replacing them with new digits. Their task has
been employed in subsequent WM studies (Solopchuk, Alamia, Olivier, & Zenon,
2016; Waris, Soveri, & Laine, 2015; Yu, FitzGerald, & Friston, 2013) with slight
modifications, such as using letters instead of digits as stimuli. However, in our task,
participants were to update complete semantically feasible sentences by selectively
replacing some constituent words. The SUS task calls for constant updating of the
semantic contents of a verbal message in WM, thus bearing similarity to real-
life communicative situations where corrections and additions commonly take
place.

The present study consists of two experiments. Experiment 1 sought to de-
termine the internal reliability and the concurrent validity of the SUS task. The
validation was performed by investigating how the SUS task performance was
related to the CSTs. In Experiment 2, we replicated the findings of Experiment 1,
examined the test-retest reliability of the SUS task, and investigated how it was
related to verbal episodic memory tasks measured with sentence and paragraph
recall.
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EXPERIMENT 1

This experiment examined the internal reliability of the SUS task. Moreover, we
evaluated its concurrent validity by correlating the SUS task performances with
CST performances.

Method

Participants. The participants consisted of 170 neurologically and psychiatrically
healthy university and polytechnics students from the University of Turku, the
Turku University of Applied Sciences, and the University of Helsinki. The mean
age of the sample was 25.22 years (SD = 5.18), and 76.9% were female. Most of
them were university students (97.6%) and the remaining ones (2.4%) polytechnics
students. The participants were native speakers of Finnish with little or no expo-
sure to any other languages during childhood. Each participant who successfully
completed the test battery was rewarded with a movie ticket.

Procedure. The data were collected with an in-house programmable Internet-
based test platform. It allows researchers to create, distribute, and manage psycho-
logical experiments. The experiments are distributed over the Internet by sending
a link to the participants who can complete the experiment on their own computer.
All tasks in an experiment are at first automatically installed on the participant’s
computer and then run on that computer, obviating issues with the varying speed
of Internet connections. The system guides the user through the experiment and
finally sends the performance data to a secure university server for analysis.

The participants were recruited via e-mail lists. The whole test session was
performed online via either a desktop or a laptop computer that was connected
to the Internet. The participants were instructed to carry out the test session in
a quiet place where they would not be disturbed or interrupted. The participants
completed the tasks one after another within a single session. The presentation
order of the tasks was randomized for each participant. The participants could
take a short break between the tasks, and they were advised to cancel the task
completion if they experienced fatigue, headache, or other discomforts. Before the
online test session could start, the participants had to give informed consent. The
test battery included a background questionnaire followed by five computerized
tasks and took about 70 min to complete.

SUS. Our novel Finnish-language version of the SUS task was designed based on
the structure of the WM updating task by Murty et al. (2011). The task is illustrated
in Figure 1. In this task, sentences were presented on the computer screen for 4000
ms, one word per box. The participant was to encode and keep in mind the initial
sentence, after which it disappeared and a blank screen was shown for 500 ms,
followed by an updating stage with a new row of boxes. At the updating stage, two
of the boxes contained a word while the rest remained empty. The participant was
prompted to replace the old words with the newly presented words in their WM,
while at the same time maintaining the unchanged words in the original sentence.
Finally, a row of empty boxes appeared on the screen, and the participants were
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Initial sentence
| perer | Founp [ aunrs | tosT | wauier |

First update
| |BROUGHT| | | PHONE ]

Second update

| DAVID | | FATHER'S | | |
Third update
I ‘ STOLE | I FANCY | |

Correct response
[ oavio | stoie | ramvers | rancy | eHone |

Figure 1. An English translation of a sample trial of the selective updating of sentences task
with three updating stages in a sentence with five words. Note that there are no articles in the
Finnish language.

to type up the latest version of the sentence, including the most recent updates.
The updates of the sentence constituents were pseudorandomized so that their
positions could not be predicted. The participants completed altogether 12 trials
(a single trial consisted of an initial sentence followed by its updating stages),
the order of which was randomized for each participant. The task consisted of
three blocks with 4 trials in each block. One of the blocks included sentences
with two updating stages, one block with three updating stages, and one block
with five updating stages. In each block, the sentence length ranged from four to
seven words so that 1 trial of each sentence length was presented in all blocks. The
sentence lengths and the number of updating stages incorporated in the SUS task
were based on an extensive piloting phase where we noticed that a span ranging
from four to seven words and two to five updating stages appropriately revealed
individual differences in task performance.

The Finnish sentences in the SUS task were ordinary declarative sentences of
both transitive and intransitive type, following the canonical SVX word order.
Complex syntactic structures were avoided. Information content in relation to
sentence length was quite high due to the frequent use of attributes. The stimulus
sentences, for instance, included predicative clauses (Koulun loputtua poika oli
nilkédinen “After the school ended the boy was hungry”), transitive clauses (Pirted
mies myi koripallon “The cheery man sold a basketball”), intransitive clauses
(Nuoret pojat ilahtuivat lahjasta “The young boys were happy for the gift”),
ownership clauses (Minun miehelléni on uusi auto “My husband has a new car”),
and existential clauses (Perheen talon katolla oli lintu “At the roof of the family’s
house there was a bird”). When the sentences were updated and replaced by other
words, they still remained semantically and syntactically plausible (see Figure 1
for an example).

CSTs. Following the procedure of Unsworth, Heitz, Schrock, and Engle (2005),
we deployed three computerized CSTs, namely, the reading span task, the opera-
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tion span task, and the symmetry span task. As CSTs are rather time-consuming
to administer, we shortened our CSTs so that there was one trial per each se-
quence length instead of three as was the case with the original versions (Uns-
worth, 2010; Unsworth et al., 2005). It is worth noting that shortened versions
of CSTs have shown to be reliable measures of WM (Foster et al., 2015), and
have demonstrated adequate psychometric properties (Oswald, McAbee, Redick,
& Hambrick, 2015), even though the intercorrelations between the CSTs tend
to decrease slightly (Foster et al., 2015; Gonthier, Thomassin, & Roulin, 2016;
Oswald et al., 2015).

READING SPAN. Following Daneman and Carpenter (1980), we devised a
Finnish version of the reading span task. In this task, the participants were asked
to read a set of sentences occurring on the screen and make an acceptability judg-
ment, thus deciding if the sentence was semantically correct (e.g., Havanna is the
name of the capital city of Cuba) or not (e.g., The cat developed a spade after it had
repaired the friend). Subsequently, the participant was to memorize the last word
of each sentence, and finally recall the last words by their order of presentation.

Each sentence was shown on the screen for up to 8000 ms. The next sentence
appeared as soon as the participant provided the response. The participants recalled
the words to be remembered by typing them up into an empty box that was shown
at the end of each trial. The task included seven trials (with two to eight items
to recall) with one trial per each sequence length, and the order of the trials was
randomized.

OPERATION SPAN. Following Turner and Engle (1989), an operation span task
was implemented. Here the participant was to solve simple math equations (e.g.,
5 -2+ 6 =9?) while simultaneously trying to memorize a set of unrelated digits.
The digit to be remembered was displayed on the computer screen for 1000 ms,
followed by a fixation point (an asterisk) for 500 ms. After that, the math equation
appeared for 6000 ms. At the end of each trial, a recall grid was shown, and the
participant was to recall the unrelated digits in the order they were presented. The
participant completed six trials. The sequence lengths ranged between 4 and 9 (one
trial per sequence length), and the order of the trials was randomized.

SYMMETRY SPAN. As the third CST, we implemented a symmetry span task
following Kane et al. (2004). Here the participant was to recall sequences of spa-
tial locations while doing symmetry judgments. A gray 3 x 3 matrix, with one
of the squares colored in white, was presented on the screen for 1000 ms. The par-
ticipant was to memorize the location of the white square. Immediately afterwards,
three white 3 x 3 matrices filled with black squares (the location of which varied
in each matrix) were shown on the computer screen for 6000 ms. During this time,
the participant was to make a symmetry judgment by visualizing the patterns of
the black squares in the upper two matrices as a single pattern, and by determining
whether this assembled pattern corresponded with the pattern of the third matrix
located in the lower part of the screen. The participants performed altogether five
trials (with three to seven items to be recalled) with one trial per sequence length.
The order of the trials was randomized.
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Scoring. In the SUS task, one point was given for each correctly recalled word
that was typed up in the corresponding box. The percentage of correctly recalled
words on all trials was used as the dependent variable in the analyses. For the
CSTs, we used a partial-credit scoring system (Conway et al., 2005), where the
number of correctly recalled elements per trial was counted, regardless of trial
length (e.g., two correctly recalled elements from a three-element trial were worth
as much as two correctly recalled elements from a five-element trial). The highest
possible score was 35 for the reading span task, 39 for the operation span task, and
25 for the symmetry span task. Accuracy scores for the intervening task, calculated
as the percentage of correctly solved processing problems, have previously been
suggested to have a lower limit of 85% (Conway et al., 2005; Unsworth et al., 2005).
However, previous tests in our laboratory indicate that this accuracy criterion may
be too strict, leading to a sizable number of excluded participants. Therefore, we
used a binomial probability (one tailed, p < .05) to define the cutoff value for
above-random individual performance. In other words, we set the cutoff to the
point where the number of correct responses on the intervening yes/no task in the
CSTs reached the p value below .05. The binomial probability analysis revealed the
following cutoff scores: reading span task > 65.71% correctly solved problems,
operation span task > 66.67% correctly resolved problems, and symmetry span
task > 72.00% correctly solved problems.

Results of Experiment 1

Scores on any task that deviated more than 3.5 SD from the group mean were
defined as univariate outliers. Based on this, one participant was excluded from
the analyses on the reading span task. Regarding the binomial cutoff score for the
intervening task in the CSTs, 19 participants were excluded in the operation span
task, and 13 participants in the symmetry span task. All participants scored above
the binomial cutoff score in the reading span task.

The data was also screened for multivariate outliers. In the multivariate outlier
analysis, we replaced missing data (i.e., the univariate outlier in the reading span
task and the participants in the CSTs that scored below our binomial cutoff in the
intervening task) with variable means (Tabachnick & Fidell, 1996). We computed
the Cook D values as >1 considered as outliers (Cook & Weisberg, 1982). No
participant exceeded this critical value. We also performed a second multivariate
outlier analysis by investigating the Mahalanobis distance value for each partic-
ipant, using the x? table (p < .001; Tabachnik & Fidell, 2007). The cutoff score
for the Mahalanobis distance was set to 18.47 due to the number of predictor vari-
ables (n =4). One participant showed a distance score exceeding this critical value
and was excluded from the analyses on all tasks. The final sample included in the
analyses thus consisted of 169 participants.

Table 1 presents item-level descriptives and item-total correlations (ITCs) for
the SUS task. A positive ITC means that a higher score on a given item predicts
a higher average score on the other items in the task, while a low ITC indicates
that the item does not covary with the rest of the items in the task. Almost all
item scores were normally distributed except for the item with four words and two
updates, where the distribution was both negatively skewed and showed a high
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Table 1. Item descriptives and corrected ITC for the selective updating of sentences
task in Experiment 1

Item Range

Words  Updates M SD Skew  Kurtosis ITC Potential  Actual

4 2 98.22 6.99 —4.165 18.397 257 0-100 50-100
4 3 89.50 16.04 —1.543 2310 339 0-100 25-100
4 5 88.17 1930 —1.543 1.525 394 0-100 25-100
5 2 8592 21.00 —1.430 1.182 378 0-100 20-100
5 3 70.89 24.68 —0.651 —-0.113 .371 0-100 0-100
5 5 81.89 2471 —1.504 1.780 323 0-100 0-100
6 2 85.01 2126 —1.497 1.752 452 0-100 0-100
6 3 8550 1895 —1.366 1.995 495 0-100 0-100
6 5 7436 20.00 —0.849 1271 412 0-100 0-100
7 2 75.74  19.64 —1.073 1.932 479 0-100 0-100
7 3 69.57 2229 —-0.751 0369 418 0-100 0-100
7 5 4413 1889 —0.212 0.454 220 0-100 0-100

Note: N = 169. Means are the percentage of correctly recalled words. ITC, item-total
correlation.

kurtosis. The lowest ITCs were observed for the item with seven words and five
updates (r = .220) and for the item with four words and two updates (r = .257).
However, as a widely used rule of thumb states that correlations between .2 and
.3 are acceptable for the ITC (Everitt, 2002), we chose to include all items in the
SUS task.

We analyzed first the effects of our task manipulations (number of updating
stages; sentence length) within the SUS task by a two-way repeated measures
analysis of variance (ANOVA; see Figure 2). A main effect of updating stages
indicated that performance decreased significantly as a function of the number
of updates, F' (2, 167) = 112.44, p < .001, partial n2 = 0.401. There was also a
main effect of sentence length, with the performance significantly decreasing with
longer sentences, F' (3, 166) = 202.49, p < .001, partial n2 = 0.547. Moreover, the
interaction term was statistically significant, F (6, 163) = 38,09, p < .001, partial
n? = 0.185, primarily stemming from a more pronounced sentence length effect
in the most demanding updating condition.

Descriptives for all tasks are summarized in Table 2. The number of correctly
recalled items was calculated for each trial and Cronbach o was calculated across
all trials. Internal consistency was adequate for the SUS task, the operation span
task and the symmetry span task. The current version of the reading span task
showed a slightly lower internal consistency. In general, the scores in each task
were normally distributed. In the reading span task, the operation span task, and
the symmetry span task, the intervening tasks showed high kurtosis, indicating
ceiling effects. However, similar results have previously been observed in CSTs
(Gonthier et al., 2016; Redick et al., 2012), as the intervening task is a “secondary”
task to be solved with a rather minor effort.
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Figure 2. The mean task performance as a function of updating stages and sentence length on
the selective updating of sentences task in Experiment 1. Error bars represent standard errors

of mean.

Table 2. Descriptives and Cronbach alpha values for all test variables in Experiment 1

Measure M SD Skew Kurtosis o
SUS 76.96 10.42 —0.452 —-0.074 0.740
Reading span task scores
Working memory 22.79 4.51 —0.069 0.174 0.629
Intervening task 93.13 5.07 —2.020 4.477
Operation span task scores
Working memory 22.69 8.84 —0.557 —0.231 0.782
Intervening task 86.26 8.93 —0.366 —0.771
Symmetry span task scores
Working memory 13.31 5.92 —0.079 —-0.530 0.686
Intervening task 90.67 6.76 —0.568 —0.208

Note: The range of possible task scores is 0—100 for the SUS task, 0-35 for the reading
span task, 0-39 for the operation span task, and 0--25 for the symmetry span task. SUS,

selective updating of sentences task.
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Table 3. Intercorrelations for all variables
in Experiment 1

Measure SuUS RSpan OSpan
SuUS —

RSpan .349 —

OSpan 253 372 —
SymSpan 241 .376 .506

Note: All correlations were statistically significant (p <
.01). N=144-169. SUS, selective updating of sentences
task; RSpan, reading span task; OSpan, operation span
task.

The concurrent validity of the SUS task was assessed by the intercorrelations
between the SUS task and the CSTs (see Table 3). The SUS task showed statisti-
cally significant positive correlations with all CSTs, albeit these correlations were
somewhat lower than the correlations between the CSTs.

Discussion of Experiment 1

The aim of Experiment 1 was to study the internal consistency and the concurrent
validity of our novel SUS task. The SUS task manipulations worked as expected,
as increased WM load in the form of both the number of updating stages and the
sentence length led to significant performance decrements. The range of difficulty
was conveniently large, varying from nearly 100% on the easiest trial to approxi-
mately 40% correct recall on the most demanding one. The SUS task exhibited also
adequate internal consistency. Concurrent validity was examined with intercorre-
lations between the SUS task and three well-established WM measures, namely,
different CSTs. Although the task intercorrelations in general were not particu-
larly high, the correlations with the SUS task were all positive and statistically
significant, suggesting that the SUS paradigm taps WM.

EXPERIMENT 2

To replicate and expand upon the results from Experiment 1, we conducted a second
experiment in which we reexamined the internal consistency and investigated the
test—retest reliability of the SUS task. Moreover, as the SUS task was designed to
be a more naturalistic sentence-level WM measure, we examined the correlations
between the SUS task and verbal episodic memory tasks at sentence and paragraph
level, assuming that these tasks reflect more real-life sentence processing. Finally,
hierarchical regression analyses were performed to probe whether the SUS task
possessed some predictive value in the performance in the verbal episodic memory
tasks over and above the well-established CSTs.

In this experiment, we included two sentence recall tasks in the test battery. Sen-
tence recall performance has been shown to predict language proficiency skills,
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such as language-processing speed and processing of complex sentence structures
(Poll, Miller, & van Hell, 2016; Riches, Loucas, Baird, Charman, & Simonoff,
2010). Moreover, it is a valuable tool for language assessment with children as
it draws upon a wide range of language-processing skills such as language com-
prehension, vocabulary knowledge, and grammar abilities (Archibald & Joanisse,
2009; Klem et al., 2015; Ziethe, Eysholdt, & Doellinger, 2013).

Besides the sentence recall tasks, we also chose to include a paragraph recall
task. Furthermore, a computerized word fluency task was administered in which
the participants were to generate words beginning with a certain letter in a given
time. As regards the WM tasks, we included the same versions of the SUS task, the
reading span task, and the operation span task that were employed in Experiment 1.
Moreover, we incorporated two additional WM tasks to the test battery. In the minus
2 span task, the participants were to recall a series of digits after subtracting 2 from
each digit. In the alphabet working memory task, letters presented to the partici-
pants were to be memorized and transformed into other letters according to cues.

Method

Participants. A total of 101 undergraduate students, recruited from the University
of Turku, the Turku University of Applied Sciences, and the University of Helsinki
took part in this study. The participants were screened for psychiatric illnesses,
neurological illnesses, and for possible use of CNS medication. Moreover, they
underwent a language background screening to ensure that only participants with a
monolingual language background were included. Altogether 21 participants were
not eligible, and the final sample thus consisted of 80 participants. They had an
average age of 24.4 years (SD = 3.6), and 74.7% were female (n = 59).

Procedure. These data stem from a pretest session of a WM training study that
will be reported elsewhere. Each participant who successfully completed all phases
of the training study (pretest, training, posttest) received a compensation of 70 eu-
ros. The data were collected with our in-house programmable Internet-based test
platform. The pretest was performed as computer class sessions with 1-12 par-
ticipants. The test battery included a background questionnaire followed by 10
computerized tasks, and it took about 2.5 hr to complete. As in Experiment 1, the
presentation order of the tasks was randomized for each participant. The partic-
ipants could take a short break between the tasks and were advised to terminate
participation if they experienced fatigue, headache, or other discomforts.

WM tasks. The participants completed five WM tasks, namely, the SUS task, the
reading span task, the operation span task, the minus 2 span task, and the alphabet
working memory task. The SUS task, the reading span task, and the operation span
task were identical to those described in Experiment 1.

MINUS 2 SPAN TASK. In the minus 2 span task (Waters & Caplan, 2003), se-
quences with digits occurred successively on the screen, and the participant was

https://doi.org/10.1017/50142716417000182 Published online by Cambridge University Press


https://doi.org/10.1017/S0142716417000182

Applied Psycholinguistics 39:2 286
Fellman et al.: A new measure of verbal working memory

to subtract 2 from each digit. For example, a correct response for a sequence
of 4-8-3-5-6 would be 2—-6—1-3—4. Each digit appeared on the screen for 1000
ms, followed by a fixation point for 500 ms. After each trial, a recall grid with
horizontally aligned boxes ranging from number 1 to 9 prompted the participant
to respond. The task included 12 trials with 2 trials of each sequence length. The
sequence lengths ranged from four to nine digits, and the trials appeared in a
randomized order.

ALPHABET WORKING MEMORY TASK. In this task (Was, Rawson, Bailey, &
Dunlosky, 2011), the participant was presented with either one letter or two al-
phabetically nonadjacent letters for 2500 ms, followed by a transformation phase
according to direction and number cues (-3, -2, -1, +1, +2, +3), which remained
on the screen until the participant decided to proceed with the task. At the trans-
formation phase, the task was to mentally move either up or down the alphabet
according to the cues (e.g., JO + 3 = MR). This was followed by an empty column
where the participant was to respond by typing the transformed letter/letters. The
participants performed altogether 18 trials with 9 trials including a single letter to
be remembered and 9 trials with two letters to recall. The forward and backward re-
coding directions (— or +) and recoding distances (1, 2, or 3) varied systematically
in both trial lengths. The order of the trials was randomized for each participant.

Verbal episodic memory tasks. We also implemented four tasks that tapped verbal
episodic memory. These tasks were sentence recall in Finnish, sentence recall in
English,! paragraph memory, and word fluency.

SENTENCE RECALL. Here we administered both a Finnish and an English ver-
sion of the sentence recall task to ensure that task intercorrelations were not lan-
guage specific. The sentence recall versions were similar in terms of the number of
words in the sentences and the scoring procedure. In this task, words of a sentence
were presented successively on a computer screen at a rate of one word per 1000
ms. Immediately after a sentence sequence ended, the participant was asked to
reproduce the sentence by typing it up in an empty column.? The sentences were
18-22 words long, and their contents tapped diverse topics in science, nature,
and history. Both the Finnish and the English versions consisted of five sentences
presented in a randomized order.

PARAGRAPH MEMORY. In this task, the participant was instructed to read a
paragraph and memorize key points rather than trying to remember every word in
the text. Nevertheless, when recalling the story, the participant was instructed to use
the original words. The paragraphs were shown on a computer screen with no time
limit for reading. When the participant decided to proceed, an empty box appeared
on the screen, and the participant was to write down as much of the paragraph
as possible. The length of the paragraphs ranged between 57 and 59 words. Two
trials were completed in a randomized order. Besides the proportion of correctly
recalled words, we also applied a semantical scoring procedure. See the Scoring
section below for a more detailed description of the two scoring procedures for
this task.
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WORD FLUENCY. This was a computerized Finnish version of the word fluency
task by Benton and Hamsher (1978). In this task, a letter was shown on a computer
screen, and the participant was asked to type as many words as possible beginning
with that letter in 60 s. The letter was visible on the upper section of the screen
while an empty column was displayed on the lower section. The participant was
to type the first relevant word that came to mind and then press the “Enter” button.
After that the column went blank again, and the participant could immediately type
the next word. This procedure was repeated until 60 s had passed. The participant
was to perform three trials with different letters, and the presentation order of the
trials was randomized.

As the present sample was derived from a pretest session in a training study
that included both pre- and postmeasurements, there were two different versions
of each verbal episodic memory task. Thus one half of the participants received
a different version than the other half did. Yet, the task versions were designed
to be equally demanding by matching them in terms of the complexity of words,
the rate of high/low-frequency words, and the complexity of syntactic structure
where applicable. Independent-samples 7 tests were conducted to examine whether
the mean scores on the two task versions differed significantly. There were no
statistically significant differences in the mean scores on sentence recall in Finnish,
t (78) = 1.959, p = .054, sentence recall in English, 7 (78) = 1.737, p = .086,
paragraph memory, ¢ (78) = 0.182, p = .856, or paragraph semantic memory, ¢
(78) = 0.932 p = .354. The only significant differences between the groups were
observed on word fluency, 7 (78) = 2.030, p = .047. However, the difference in
the word fluency task was not expected to exert any major influence on the present
analyses that focus only on task intercorrelations. Thus, the task versions were
lumped together in the following analyses.

Scoring. The scoring systems for the SUS task, the reading span task, and the
operation span task were the same as in Experiment 1. In the sentence recall tasks,
the proportion of correctly recalled words, regardless of the order in which they
were recalled, was used as the outcome variable. Moreover, a word was considered
correct if the participant was able to recall the word stem correctly. Suffix alterations
were ignored, as well as pure orthographical errors.

In the minus 2 span task, one point was given for each correctly recalled digit
in a correct position. The total score was the proportion of correct items in correct
positions across all trials (Waters & Caplan, 2003). The highest possible score was
78. In the alphabet working memory task, the proportion of correctly recalled trials
per minute was used as the dependent variable (Was et al., 2011). Thus, there was
no maximum score in this task. In the paragraph recall, the first dependent variable
was the proportion of correctly recalled words, corresponding to the measure used
in the sentence recall tasks. In this variable, Test Version 1 had a maximum score
of 116, and Test Version 2 a maximum score of 118. The second variable tapped
paragraph semantic recall, measuring the proportion of correctly recalled semantic
contents that had been determined beforehand when designing the paragraphs. In
the paragraph semantic recall, the highest possible score was 27. Regarding the
word fluency task, a total score was calculated as the sum of unique correctly
reported words in the three trials.
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Statistical analysis

Internal consistency and concurrent validity. As in Experiment 1, the internal
consistency of the SUS task was investigated with item-level descriptives and
ITCs. A two-way ANOVA was also conducted to investigate how the SUS task
manipulations (i.e., number of updates, sentence length) altered task performance.
Concurrent validity was examined with correlations between the SUS task, the
CSTs, and the two other measures tapping verbal WM.

Test—retest reliability. A subset (n = 37) of the participants included in this study
served as an active control group in a WM training study. These participants per-
formed the SUS task on two separate occasions in a pre- and posttest setup, allow-
ing for the examination of test—retest reliability. The active control group practiced
with a computerized quiz task that called for long-term memory but did not load
on WM. The delay between the two testing sessions was 5 weeks for all partici-
pants. We used the Pearson product moment correlation coefficient (Pearson r) to
estimate the test—retest reliability of the SUS task.

Regression analysis. Hierarchical two-step multiple regression analyses were
used to explore the relationship between the predictors (i.e., the CSTs and the SUS
task), and the dependent variables of interest (i.e., sentence and paragraph recall
tasks). The CSTs were entered as predictors at Stage 1 of the regression model,
and the SUS task was introduced at Stage 2.

Results of Experiment 2

Total scores for any task that deviated more than 3.5 SD from the mean were defined
as univariate outliers. There were, however, no outliers of this kind in the present
experiment. As regards the intervening task in the CSTs, all participants scored
above our binomial cutoff score in the reading span task. In the operation span
task, nine participants scored below our cutoff score and were excluded from the
analyses in this task. The presence of multivariate outliers was also investigated.
Again, we replaced missing data (i.e., the participants in the operation span task
that scored below our binomial cutoff score) with variable means (Tabachnick &
Fidell, 1996). Multivariate outliers were searched for by using the Cook D (Cook
& Weisberg, 1982) and the Mahalanobis distance value, x2 (10, 80) = 29.59,
p = .001 (Tabachnick & Fidell, 2007). These did not lead to any exclusions: no
participant showed a value of >1 on the Cook D measure, and no participant had a
Mahalanobis distance score exceeding the critical value of 29.59. The final sample
included in the analyses thus consisted of 80 participants.

Table 4 shows item-level descriptives and ITCs for the SUS task. In general, the
SUS item scores were normally distributed, but in line with Experiment 1, the item
with four words and two updates was negatively skewed and showed a questionable
ITC score. However, as the goal in Experiment 2 was to replicate our previous
results, we chose to retain all items. To examine whether SUS task performance
remained stable over time, we performed a test-retest reliability analysis. The SUS
task had a 5-week test—retest reliability of r =.707, 95% confidence interval [0.528,
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Table 4. Item descriptives and corrected item-total correlations for the selective
updating of sentences task in Experiment 2

Item Range

Words  Updates M SD Skew  Kurtosis ITC Potential Actual

4 2 97.19 795 —-2.500 4357 173 0-100 75-100
4 3 84.38 23.66 —1.560 1.879 406  0-100 0-100
4 5 84.06 19.18 —1.075 0.714 297  0-100 25-100
5 2 82.00 20.77 -0900 —0.112 421  0-100 20-100
5 3 67.50 2431 —-0.546 —0.208 454  0-100 0-100
5 5 7875 2235 —1.325 2248 412 0-100 0-100
6 2 83.75 1875 —1.035 0.287 .543  0-100  33.3-100
6 3 87.08 16.56 —1.186 0.680 .610  0-100  33.3-100
6 5 73.75 19.63 —-0.603 —0.138 441  0-100 16.7-100
7 2 74.11 2047 —-1.107 1.765 .550  0-100 0-100
7 3 6643 2396 —0.548 —0.334 380 0-100 0-100
7 5 47.14 2113 -0.223 -0.523 300  0-100 0-85.7

Note: N = 80. Means are the percentage of correctly recalled words. ITC, item-total
correlation.

0.863], indicating an adequate level of test—retest reliability (Strauss, Sherman, &
Spreen, 2006).

As in Experiment 1, we ran a two-way ANOVA to investigate how the partici-
pants reacted to the task manipulations (number of updates, sentence length) on the
SUS task (see Figure 3). Both main effects were statistically significant, indicating
decreased performance with more updates, F (2, 78) = 45.13, p < .001, partial n°
= 0.364, and longer sentences, F (3, 77) = 83.87, p < .001, partial n2 = 0.515.
The interaction term was also significant, F (6, 74) = 15.10, p < .001, partial
n? = 0.160. This reflected performance variability with different updating/length
combinations, with the largest change concerning the longest sentences where the
recall performance following the maximum number of updating stages dropped
considerably.

Table 5 displays the descriptive statistics and Cronbach as for each variable
in Experiment 2. The skewness and kurtosis values indicate that the scores were
normally distributed for each task. For the WM tasks, the coefficient as were
adequate for the SUS task, the operation span task, and the minus 2 span task. For
the reading span task and the alphabet working memory task, the coefficient as
were low to marginal. Regarding the verbal episodic memory tasks, the coefficient
as were good for the paragraph recall task and the sentence recall in English, and
adequate for the sentence recall in Finnish and the paragraph semantic recall task.

The intercorrelations for the tasks included in Experiment 2 are shown in Table 6.
The SUS task showed statistically significant correlations with all WM tasks.
In line with Experiment 1, the strongest correlation was observed between the
SUS task and the reading span task. When investigating the correlations with the
verbal episodic memory tasks, statistically significant positive correlations were
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Figure 3. The mean task performance as a function of updating stages and sentence length on
the selective updating of sentences task in Experiment 2. Error bars represent standard errors
of mean.

observed between all verbal episodic memory tasks and the SUS task. Regarding
the correlations between the other WM tasks and the sentence recall tasks, the
results showed that the strongest correlations were with the reading span task,
the operation span task, and the minus 2 span task. In the paragraph recall tasks,
the strongest correlations were observed with the reading span task. However, the
minus 2 span task also correlated significantly with the paragraph recall tasks, albeit
those correlations were slightly lower than with the reading span task. In summary,
the SUS task, the CSTs and the minus 2 span task were the WM tasks that were
most strongly related with the verbal episodic memory tasks. Furthermore, the
SUS task was the only WM task that showed a positive correlation of a moderate
strength with the sentence recall in Finnish.

The results of the hierarchical regression analyses predicting sentence and para-
graph recall performance are presented in Table 7. When predicting sentence recall
in Finnish at Stage 1, the reading span task and the operation span task contributed
significantly to the regression model, F (2, 68) = 10.204, p < .001, and accounted
for 23.1% of the variance in this task. Introduction of the SUS task explained an
additional 14.8% of the variance in the sentence recall in Finnish, and this change
in R? was significant, F (3, 67) = 15.905, p < .001. In the sentence recall in En-
glish, Stage 1 revealed that the CSTs explained 23.3% of the variance in the task
performance, F (2, 68) = 10.350, p < .001. Adding the SUS task to the regression
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Table 5. Descriptives and Cronbach alpha values for all variables in Experiment 2

No. of
Measure Trials M SD Skew  Kurtosis a
SuUS 12 7534 1136 —-0411 —-0.506 0.775
Reading span task 7 21.61 435 0.092 1.174  0.623
Operation span task 6 20.69 851 —-0432 —-0.304 0.755
Minus 2 span task 12 48.19 11.63 —-0.317 0.637 0.784

Alphabet working memory task 18 279  0.86 0.662 0.927 0.542
Sentence recall in Finnish 77.85 10.59 1.015 1.037 0.710
Sentence recall in English 68.19 1543 -0.651 —0.187 0.828
Paragraph recall 78.73 2041 —-0.403 —-0.120 0.880
Paragraph semantic recall 21.29 498 —0.800 0.258 0.766
Word fluency 61.45 1248 —0.201 0.861 0.897

W N W

Note: The range of possible task scores is 0—100 for the SUS task, 0-35 for the reading
span task, 0-39 for the operation span task, 0—78 for the minus 2 span task, 0—oo for the
alphabet working memory task, 0—100 for the two sentence recall tasks, 0-116/118* for
paragraph recall, 0-27 for paragraph semantic recall, and O—oo for the word fluency task.
The infinity symbol (co) indicates the upper limit of the score scale is infinite. In paragraph
recall, test version 1 had a maximum score of 116, and test version 2 a maximum score
of 118. In the alphabet working memory task, two of the item variables had zero variance
and they were thus removed from the Cronbach alpha calculations.

Table 6. Intercorrelations for all tasks in Experiment 2

Measure 1 2 3 4 5 6 7 8 9 10
1. SUS —
2. RSpan A412%% —
3. OSpan .300% 205 —
4.M2Span  .329%* 453%* 360* —
5. AWM 279% 148 289* .260%* @ —
6. SR_Fin 535%%  352%% 393**  354%% 170 —
7.SR_Eng  .413%% 352%*% 303*%* 280% 241% 643*%* —
8. Para_Rec .254* .392%*% 102  .225*% .063 .417**% 306** —
9.Para_Sem .284* 359*%* 110  .239* .069 .391** 210  .931%* —
10. W_fluency .231%* .289** 212  .348*%* 109 .272* .089 .157 .173 —

Note: N = 71-80. SUS, selective updating of sentences task; RSpan, reading span task;
OSpan, operation span task; M2Span, minus 2 span task; AWM, alphabet working memory
task; SR_Fin, sentence recall in Finnish; SR_Eng, sentence recall in English; Para_Rec,
paragraph recall; Para_Sem, paragraph semantic recall; W_fluency, word fluency task.
*p < .05. ¥¥p < .01.

model explained an additional 6.7% of the variance and this change in R* was
significant, F (3, 67) = 6.365, p = .014.

As regards the regression analysis with the paragraph recall task as the outcome
variable, the CSTs contributed significantly, F (2, 68) = 5.417, p = .007, to the
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Table 7. Summary of hierarchical regression analysis for variables predicting sentence recall in Finnish, sentence recall in English,
paragraph recall, and paragraph semantic recall

Sentence Recall Tasks Paragraph Recall Tasks
SR_Fin SR_Eng Para_Rec Para_Sem
Predictor AR? B AR? B AR? B AR? B

Step 1 23] Hw* 233#%* A37%% .140%*

Reading span task 0.283* 0.287* 0.364%*%* 0.366%*

Operation span task 0.335%%* 0.3347%%* 0.027 0.035
Step 2 148k .067* .012 .022

Reading span task 0.103 0.167 0.313%* 0.297

Opration span task 0.238%* 0.269%* 0.000 —0.002

SUS 0.443%** 0.297* 0.125 0.171

Note: In the operation span task, 9 participants scored below the binomial cutoff score in the intervening task. Thus, the intercorrelations
in the operation span task includes 71 participants (N = 71); excluded cases listwise. SR_Fin, sentence recall in Finnish; SR_Eng, sentence
recall in English; Para_Rec, paragraph recall; Para_Sem, paragraph semantic recall.

*p < .05. **¥p < .01. ***p < .001.
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regression model and explained 13.7% of the variance in task performance at Stage
1. Adding the SUS task at Stage 2 did not significantly increase R?, F (3, 67) =
0.930, p = .338. In the paragraph semantic recall, Stage 1 explained 14.0% of the
variance, leading to statistically significant model, F (2, 68) = 5.554, p = .006.
Adding the SUS task at Stage 2 did not significantly change R?, F (3, 67) = 1.750,
p =.190.

Discussion of Experiment 2

The aim of Experiment 2 was to replicate and extend the findings in Experiment 1
by examining the test—retest reliability of the SUS task and investigating how the
task was related to a broader array of WM and verbal episodic memory measures.
In this experiment, the SUS task manipulations (updating stages, sentence length)
showed the expected effects, the range of task difficulty was large, and the task
exhibited an adequate internal consistency. Furthermore, the SUS task showed an
adequate level of test—retest reliability over a 5S-week period. An examination of
the task intercorrelations showed that the SUS task correlated positively with all
the WM tasks employed and showed the highest correlations with the sentence re-
call tasks (both in Finnish and in English) among all the WM tasks. Together with
the CSTs and the minus 2 span task, the SUS task exhibited the strongest associa-
tions with the verbal episodic memory tasks employing sentences and paragraphs.
Finally, hierarchical regression analysis showed that the SUS task shared some
unique variance with the sentence recall tasks over and above the CSTs. Overall,
the results from Experiment 2 concur with those of Experiment 1, supporting the
conclusion that the SUS task is a reliable and valid verbal WM updating task.

GENERAL DISCUSSION

The present study set out to devise and test a novel verbal WM updating task.
This was motivated by the notion that most commonly used WM tasks employ
rather artificial materials (Moreau & Conway, 2014), and more “real-life” tasks
are rare. Hence, we sought to validate a novel WM task, the SUS task, which
operated with semantically and syntactically well-formed sentences rather than
commonly used unrelated pieces of information such as random digit or letter se-
ries. The results from Experiment 1 indicated that the SUS task exhibited adequate
internal consistency. Moreover, it demonstrated concurrent validity through sta-
tistically significant correlations with well-established WM tasks (three complex
span tasks). The results of Experiment 2 confirmed the findings from Experiment
1, and showed further that the SUS task was related to sentence- and paragraph-
level verbal episodic memory. Based on these results, we conclude that the SUS
task is a reliable and valid verbal WM updating task that also taps on memory for
more real-life language materials.

While the SUS task exhibited the expected positive correlations with other WM
and verbal episodic memory measures, it should be noted that these correlations
and hence the shared variance was not particularly high. This issue is not related
specifically to the SUS task, as the intercorrelations between the other WM mea-
sures were in general at the same level, and followed earlier findings reported in

https://doi.org/10.1017/50142716417000182 Published online by Cambridge University Press


https://doi.org/10.1017/S0142716417000182

Applied Psycholinguistics 39:2 204
Fellman et al.: A new measure of verbal working memory

the literature (Foster et al., 2015; Gonthier et al., 2016; Oswald et al., 2015). The
overall modest intercorrelations between different WM tasks (and executive tasks
in general) may be due to a number of factors, such as paradigm- and stimulus-
specific effects, availability of effective performance strategies, and measurement
error. These tasks are inherently rather complex, and they are thus bound to reflect
the interplay of several factors. As the SUS task is specifically calling for updating,
the cognitive demands it makes differ from, for example, span tasks that should
tap more on the WM storage capacity.

Besides shared WM resources, the observed associations between the SUS task
and the sentence recall tasks might also be in part related to a common performance
strategy, namely, chunking. It is well known that chunking is utilized in sentence
recall: in general, individuals can memorize up to 2-3 times more words in a natural
sentence compared to an arbitrary string of words or digits (Brener, 1940), thus far
outweighing the capacity limits associated with WM. In addition, in WM updating,
Solopchuck et al. (2016) observed recently that stronger reliance on chunking was
associated with higher scores in a WM updating task with digit series that had to
be constantly updated. As the SUS task is constructed in a similar fashion, use
of chunking may certainly improve the task score here as well. Chunking is a
fundamental mechanism in language and has been shown to predict variances in
online processing of complex sentences (McCauley & Christiansen, 2015).

In line with previous research, we expected that an increase in updating stages
would decrease sentence recall in our SUS task (Solopchuk et al., 2016; Waris
et al., 2015), and the same would be true for increasing sentence length as well.
These expectations were borne out in the results, but we also noted that there was
variability in the recall performances. For example, some sentences containing
less updating stages tended to be more challenging than sentences with more up-
dating stages (e.g., the trial with five words and three updates was less accurately
recalled than the trial with five words and five updates). One reason for this could
be that the location of the updating stages in the sentences varied across trials, and
the update locations in some sentences could have been more challenging than in
others. For example, one would expect that verb updates are more demanding than
noun updates, as verbs are in general more difficult to remember than nouns due
to their abstractness and lesser degree of specificity (Earles & Kersten, 2000; Hut-
tenlocher & Lui, 1979). With regard to sentence length, comprehension of longer
sentences requires more effort due to an increasing distance between the argu-
ment and its head (Gibson, 2000; Levy & Keller, 2013; Lewis & Vasishth, 2005;
McElree, Foraker, & Dyer, 2003), and it has been argued that verbal WM capacity
is particularly important in dependency resolution (Nicenboim, Vasishth, Gattei,
Sigman, & Kliegl, 2015). However, in our task the overall performance decline
with increasing sentence length was not totally uniform. In particular, the recall
of the five- and six-word sentences was quite similar. This may be due to several
reasons. As noted above, the location of updates in sentences may play a role.
In addition, linguistic factors such as syntactic complexity (Humphries, Binder,
Medler, & Liebenthal, 2006), the number of high/low-frequency words (Rayner &
Duffy, 1986), and morphological features (Allen, Badecker, & Osterhout, 2003)
relevant to sentence processing may in part contribute to this variability. Nonethe-
less, we found a significant main effect of sentence length on recall performance,

https://doi.org/10.1017/50142716417000182 Published online by Cambridge University Press


https://doi.org/10.1017/S0142716417000182

Applied Psycholinguistics 39:2 295
Fellman et al.: A new measure of verbal working memory

and this factor is important for maintaining a wide range of task difficulty and thus
providing sensitivity to detect individual differences in WM capacity.

A debated issue regarding verbal WM tasks is to what degree performance on
such tasks is affected by individual differences in language exposure rather than
WM functioning (MacDonald & Christiansen, 2002; Payne et al., 2014; Wells,
Christiansen, Race, Acheson, & MacDonald, 2009). While it has been suggested
that performance on verbal WM tasks such as the reading span task relies heavily
on linguistic proficiency that is driven by differences in prior language exposure
(MacDonald & Christensen, 2002), there is also contradictory evidence indicating
a lack of a relationship between language exposure and verbal WM performance
(Payne et al., 2014). It is thus unclear whether performance on the SUS task would
be at least to some extent driven by individual differences related to language
exposure. As the present study showed that performance on the SUS task is related
to both CSTs and verbally based episodic memory tasks, the SUS task performance
may reflect both WM and language abilities.

Limitations and future directions

A possible limitation in Experiment 1 was that the data was collected via the Inter-
net. Despite the advantages of Internet testing, several concerns such as untruthful
or careless responding exist, as the researcher does not have control over the test-
ing environment (Feitosa, Joseph, & Newman, 2015; Smith, Roster, Golden, &
Albaum, 2016). There is, however, evidence indicating that online cognitive task
performance is in general reliable and valid, comparing well to traditional labo-
ratory studies (Crump, McDonnell, & Gureckis, 2013; Enochson & Culbertson,
2015; Germine et al., 2012; Linnman, Carlbring, Ahman, Andersson, & Anders-
son, 2006). For example, Crump et al. (2013) administered a battery of commonly
used cognitive tasks, utilizing the crowdsourcing service Amazon Mechanical
Turk. The results showed that the task performance was very similar to those in
laboratory settings. These findings are also supported by the present study, as the
performances on the WM tasks were very similar in terms of means, standard
deviations, and internal consistency to the task performances in Experiment 2. In
summary, there is no evidence that well-instructed Internet testing would suffer
from any major reliability or validity problems, whereas its benefits are unques-
tionable: it is cost-efficient and enables access to participants from very diverse
backgrounds.

One limitation in this study concerns the verbal episodic memory tasks employed
in Experiment 2. Even though the reliability analysis revealed adequate levels of
internal consistency in the verbal episodic memory tasks, no further validation
was performed. Therefore, it would be important for future studies to compare the
SUS task against more ecologically valid measures such as parent questionnaires
or some standardized verbal ability measures such as the verbal SAT. Another
limitation of this study relates to the ecological validity of the SUS task. Although
the aim of the present study was to validate a somewhat more naturalistic verbal
WM task, it is evident that the SUS task is still rather artificial when compared
with everyday sentence processing. Rather, it may be located in between classical
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laboratory tasks on WM and everyday language performances, and would bene-
fit from further validation attempts, for example, against discourse and narrative
production measures.

When comparing the SUS task features against traditional CSTs, perhaps the
most prominent difference is the manipulation of the updating component in the
SUS task. In the CSTs, the storage load (number of maintained items) increases,
but the processing load (the intervening task) is held constant throughout the task.
In our SUS task, in contrast, both the storage component (i.e., number of words
to be remembered) and the processing component (i.e., the number of updates)
are varied. In future versions of the SUS task, it would be worthwhile to manipu-
late these two components separately, as has been done with CSTs (Archibald &
Harder-Griebling, 2015).

Summary and conclusions

This study introduced a novel verbal WM updating measure coined as the SUS
task. In this task, participants operate with semantically plausible sentences, thus
adding to the naturalness of the task. Two experiments indicated that the SUS task
has adequate psychometric properties and that it is related both to other WM tasks
and to verbal episodic memory at the sentence and paragraph levels. We hope that
it will be a useful addition to the psycholinguistic toolbox of measures that tap into
short-term memory processes during language processing.
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NOTES

1. InFinland, all students study at least two foreign languages, mainly English and oblig-
atory Swedish (the second official language), up to high school. Thus, most of young
Finnish adults have at least satisfactory skills in English when entering university.

2. Both experiments also included a self-paced variant of the sentence recall task. This
task version, however, resulted in great variance between participants in the reading
time of the to be remembered sentences. This was considered problematic in terms of
task validity, and therefore, the self-paced version of the task was excluded from both
experiments.
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