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ABSTRACT
THE EFFECTS OF INFORMATION LOAD OF WORDS
ON WORKING MEMORY CAPACITY

Duyan, Yalgin Akin

MS in Experimental Psychology, Department of Psychology

Supervisor: Prof. Dr. Hakan Cetinkaya

September 2013, 97 pages

This thesis analyzes the effects of information load of words on working memory.
Generally, studies investigating the word length effect or chunking mechanisms
use simple nouns as stimuli. In the Turkish language, verb can convey more than
one unit of meaning at a time. We took advantage of this characteristic to
investigate whether the retention of agglutinated verbs involves a different kind
of chunking mechanism, controlling for the word length effects. In experiment
1A, we compared recall performance with agglutinated verbs and root verbs
between groups. Also, we compared performance in each verb condition with
nouns. In Experiment 1B, we included some distracter verbs that had the same
root but a different agglutination than the target word. The results show that,
agglutinated verbs generally decreases serial recall performance and require more
cognitive effort for perfectly recalled sets. However, the mean number of words
recalled in the correct position across all word sets did not yield a significant

difference across conditions.

Keywords: Chunking, working memory, word length effect, agglutinated verbs,
operation span



OZET
KELIME ICINDEKI BiLGI YUKUNUN CALISMA BELLEGI KAPASITESINE
ETKISI

Duyan, Yalgin Akin

Deneysel Psikoloji Yiiksek Lisans, Sosyal Bilimler Enstitiisii

Tez Yoneticisi: Prof. Dr. Hakan Cetinkaya

Eyliil 2013, 97 sayfa

Bu tezde, kelimelerdeki bilgi yiikiiniin calisma bellegi kapasitesine etkisi
incelenmektedir. Tiirkge'de, bazi kelimeler birden fazla bilgi biriminin iletilmesini
saglayabilir. Bu tezde, dilin bu 6zelliginden yararlanilarak, ¢ekimli fiillerin akilda
tutulmalarmin farkli bir kiimeleme mekanizmasin igerip igermedigini, kelime
uzunlugu etkileri kontrol edilerek incelenmistir. Deney 1A'da, ¢ekimli fiillerin ve
fiill koklerinin hatirlanma performanslarmmi1 gruplar arast bir desenle
karsilastirilmistir. Ayrica, her bir fiil kosulundaki performans ile yalin isimlerin
hatirlanma performanslar1 da karsilastirilmistir. Deney 1B'de, ¢ekimli fiil
hatirlama gorevine, hedef kelimelerle ayn1 koke sahip fakat farkli ekler almig
fiiller de eklenmistir. Sonuglar, ¢cekimli fiillerin kelime setlerinin miikemmel bir
sekilde hatirlanma performansmi diistirdiiglinii ve daha fazla bilissel ¢aba
gerektirdigini gostermistir. Ancak, biitiin kelime setlerinde dogru konumda

hatirlanan ortalama kelime say1si, kosullar arasinda degismemistir.

Anahtar Kelimeler: Kiimeleme, ¢alisma bellegi, kelime uzunlugu etkisi, ¢ekimli

tiiller, hesap uzam
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CHAPTER 1

INTRODUCTION

Working memory, which is the ability to maintain and process information
recently encountered, is generally thought to have a limited capacity (Cowan,
2001). There are various theoretical accounts of this capacity, and many factors
besides individual differences have been found to affect the number of items that
can be held in working memory. These include the length (Baddeley, Thomson &
Buchanan, 1975) and the phonological similarity of words to be recalled
(Baddeley, 1966a; Conrad & Hull, 1964); and whether irrelevant speech (Salamé
and Baddeley (1982), Colle and Welsh (1976)) and articulatory suppression
(Murray, 1966) is included in the memory task. The word length effect refers to
the fact that shorter words are generally better remembered than longer words,
which will be discussed more in detail. The phonological similarity effect refers to

the fact that similar sounding stimuli, which are thought to be harder to



discriminate at recall (Baddeley, 1990, p. 72) results in a poorer short-term
memory. Inclusion of irrelevant speech (e.g. speech in a different language) and
articulatory suppression, which requires subjects to repeat a single syllable (eg.
"the, the, the...") aloud in order to prevent the articulation of the target words, also
impairs working memory performance. In this thesis, a new variable that can
influence working memory capacity is suggested: the information load (or the

units of information) of words to be recalled.

Working Memory Capacity

Exploring the boundaries of human capacity to store and process
information is a long-held and ongoing conquest in cognitive psychology. In his
seminal article, Miller (1956) suggested that short-term memory capacity was
limited to a "magical number seven, plus or minus two", which could be the
number of individual items or chunks. However, more recent accounts of this
capacity (Cowan, 2001) suggest that it is limited to three or four chunks in the
focus of attention. Another issue that arisen was whether working memory

consisted of one system or several separate systems.

The term short-term memory, used to denote a simple mechanism, in
which items to be remembered were stored in a single store for later

retrieval.(e.g., Atkinson & Shiffrin, 1968; Broadbent, 1958; Miller, 1956). These
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early models (see Figure 1.1) failed to account for the versatile nature of
temporary retention processes (Cowan, 2005). Working memory models that
came after Atkinson and Shiffrin, generally propose more than one storage

system.

Baddeley's model (2000), which is an updated version of his earlier model
(Baddeley, 1986), Baddeley and Hitch, verbal distraction impaired verbal memory
more than did visual distraction (and vice versa), implicating that there are
seperate stores for each modality. They theorized a central storage resource that
holds the information to be processed, which is called the central executive. Also,
they hypothesized that there were separate stores (verbal-phonological and
visuospatial) that processed relevant information separately, and did not interfere
with reasoning of comprehension processes. The phonological loop, involves the
rehearsal of phonological information in a covert fashion, and similarly, the
visuospatial sketchpad involves the rehearsal of visual information. The later-
added episodic buffer, which is the third slave system, binds information across

verbal, visual and spatial domains (see Figure 1.2).

Cowan (1988) opposed this view of separated function in the Baddeley
model (see Figure 1.3). While it was true that more interference occurred among
similar stimuli, the verbal-visual distinction did not seem that crucial to working
memory as it did not account for other kinds of information (say, tactile). Cowan
viewed this information storage as instances from long-term memory, that are

temporarily activated. He also proposed that an amount of readily accessible
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information (which is generally thought to be 3-5 separate items was held in the
focus of attention. Activated portion of long-term memory could be virtually
unlimited, depending on time that has passed and the interferences that have

occurred.

While it seems that there's a clear consensus that working memory
capacity is limited, the nature of this capacity is highly disputed. The first
argument is on whether this capacity is an item-based one or a time-based one.
The other is on the issue of chunking, which refers to the grouping of similar
items for better retrieval. Cowan (2005) listed many complications in
understanding how chunking works. These issues will be discussed in the
following sections. In working memory literature, there seems to be separation
between studies that use verbal materials and those that use visual materials.
Although there's a wide range of materials that can be used to assess working

memory, here, we will only focus on verbal materials.

Is working memory capacity item-based or time based?

As mentioned before, after Miller (1956), many researchers tried to
discover the number of items that can be held in working memory. However,
Baddeley et al. (1975) compared working memory performance on short and long
words that were matched in the number of syllables and phonemes among the
words sets. The word sets only differed in the amount of time it takes the utter the

words. They found that the number or proportion of items that are recalled in the



correct serial position from a given list (serial recall) and decreased as the word
length increased. This result, along with others, indicated that working memory
has a time limit, rather than an item limit. Recall how Baddeley (1986) includes a
phonological loop component to his model. It was hypothesized that, on the basis
of other research, phonological information that can be covertly rehearsed and
refreshed every two seconds. This also could mean that the rate of rehearsal (i.e.
how quickly the words are repeated) determines the number of items can be kept

active and retrieved.

The word length effect is a well-established phenomenon, which has been
confirmed and replicated on many studies using a variety of word sets (eg. Hitch,
Halliday & Littler, 1989; Hulme, Thomson, Muir & Lawrence, 1984; Lovatt, Avons
& Masterson, 2000). Although, there are a number of reports to the contrary (e.g.
Cowan, Wood, Nugent & Treisman, 1997). However, the crucial point here is the
characteristics of words that generate this effect and the underlying processes in
serial recall that is affected by these characteristics. Lovatt and Avons (2001),
explains three ways that could the word-length effect could arise: (1) "long and
short words may impose different storage demands on a strict phonological
memory", (2) "since long words are pronounced more slowly, any memory
system that depends on processing of real-time speech will be sensitive to the
duration of these words" and (3) "short and long words may differ in their lexical
properties, and these may become crucial if serial recall requires the identification

of lexical items.



It had been proposed before that serial recall could be related to duration
of the list items (Mackworth, 1963). Mackworth discovered that serial recall
performance was better for digits and letters than colors and shapes. People also
named the materials that were better recalled faster. Mackworth thought that
materials that are named slower required more attention and that memory span

was limited in terms of attentional capacity.

Baddeley et al. (1975) were the first investigators to relate serial recall to
speech rates. They prepared two sets of ten disyllabic words that had different

spoken durations and found that recall was poorer for the long duration items.

Baddeley, Thompson and Buchanan (1975) investigated the word length
effect in a series of five experiments. In their first experiment they compared lists
of short and long words, controlling for their frequency. The lists were presented
at the same rate (1.5 seconds). They found that short words resulted in better
memory span that long words (see Figure 1.4). However, their one-syllable and
five-syllable word lists tended to differ linguistically in terms of their origin. Short
words were generally of Anglo-Saxon origin but long words were generally of

Latin origin.

To avoid this problem, they only used country names for their second
experiment. This experiment also showed a clear word length effect. However,
there were still two factors that can be confounded with the word length: spoken

duration of words and number of syllables they contain.



In their third experiment, Baddeley, Thompson and Buchanan (1975)
prepared two lists of disyllabic words that differed in their mean spoken
duration. They measured the mean spoken length for each list and found it to be
0.77 and .46 seconds for long and short-duration words, respectively. They then
divided these lists into four blocks, each containing five words. Two of them
contained short duration words and two of them contained long duration words.
They presented words at a 2 second/word rate and had their subjects recall the
words at the same rate (by the aid of a metronome). (Figure 1.4) shows the results
from this experiment. They found a word length effect for serial positions 1,2,
and 3 but not for positions 4 and 5. The results were inconsistent with the
prediction than a constant number of syllables can be held in short-term memory.
Still, the words were not matched in the number of phonemes contained.In their
fourth experiment, they matched the words in terms of frequency, spoken
duration and number of phonemes. Subjects could recall 61.6% of the long
duration words and 72.2% of the short duration words. Even then, an effect of

word duration and serial position was found.

Similar results were also obtained in studies that assess digit span. For
example, it has been found that Welsh digit names that take longer to read that
English digit names and that English-Welsh bilinguals had higher digit spans in

English than in Welsh. Chen and Stevenson (1988) found that Chinese digits took

10
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longer to read and that Chinese children living in America had higher digit spans.
The general finding is that spoken duration of digits are inversely related to
working memory span. Interestingly, individual speech rates have also been
linked to serial recall performance. Baddeley et al. (1975), found a strong
correlation between reading speed and serial recall. Also, articulatory
suppression, which requires subjects to repeat a single syllable (e.g. "the, the,
the...") aloud in order to prevent the articulation of the target words impairs

memory performance, but eliminates the word length effect.

The relationship between serial recall and word length is linear. This has
led Baddeley (1986) to suggest that the duration of the words accounted for word
length effect. As mentioned before, Baddeley’s (1986) working memory model
consists of a phonological loop, which has two components: articulatory loop,
which holds phonological information that is linked to an articulatory process.
Information in the articulatory loop decay at a fixed rate but held by rehearsal.
Thus, serial recall for short duration words better, because more of them can be
rehearsed before they decay from the phonological store. Many have replicated
this result using Baddeley's original subset of long/short duration items (e.g.
Longoni et al., 1993; Nairne, Neath & Serra, 1997). However, other lexical
characteristics such as word frequency and imaginability are known to influence
serial recall (e.g. Hulme, Maughan & Brown, 1991; Neath, 1997). So it is crucial to
make sure this effect does not result from some other characteristic of the words,

rather than their spoken duration.

12



A number of studies examining the word length effect found results to the
contrary. Caplan, Rochon and Waters (1992), prepared word lists that were
matched in terms of number of syllables and phonemes, but differed in spoken
duration. They used both visual and auditory stimuli and the subjects had to
point to pictures corresponding to the words presented. They had two sets of
two-syllable long and short words. They used tense vowels for long words (eg.,
spider) and lax vowels for short words (e.g., devil). The mean output duration
was 546 ms and 720 ms for short and long words, respectively. Surprisingly, the

results showed that there was an advantage for longer words (Figure 1.5).

However, Caplan et al.'s(1992) study received criticisms regarding the
materials used. Baddeley and Andrade (1994), found that their short words were
phonologically more similar than their long words, which can lead to poorer
recall and that their short and long word lists did not differ significantly when the

word pairs were repeatedly articulated.

In response to these criticisms, Caplan and Waters (1994) remeasured the
speech rates for their stimuli in another experiment. They used 10 lists for the
long and short word sets to assess their subjects. Subjects were instructed to read
each list as fast as possible. They also rated the word pairs in the long-word and
short-word lists in terms of phonological similarity. They found a significant

difference between the mean speech durations of the lists. The phonological

13
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difference ratings did not differ significantly either. Also, again, recall

performance did not differ for the long-duration and short-duration lists.

Following this, Lovatt et. al. (2000), devised two sets of words that were
matched on frequency, familiarity, number of phonemes, and phonemic
similarity but varied on spoken duration. They presented their lists both visually
and auditorily; and they measured serial recall both with both spoken and
pointing recall. Subjects generally performed better with pointing recall but there
was no interaction between recall type and word duration. These mixed results

may indicate that for disyllabic stimuli, the word-lenght effect is not reliable.

Service (1998) took advantage of Finnish phonological structure to control
the spoken duration of words and phonological complexity. The Finnish language
consists of long and short versions of the same vowels and consonants. Long
phonemes have longer spoken durations than short phonemes. So, using long
phonemes increases the duration of the word, while keeping complexity constant
(eg., / nu: k: i/, pronounced as nuukki, where u: and k: denote long phonemes.
Service used non-words to assess memory span and found no difference between
short non-words and long non-words. In another experiment, the spoken
duration of words were held constant but the phonological complexity was
manipulated. Service found that memory span was lower when the phonological
complexity increased and concluded that the word length effect depended on

phonological complexity, rather than duration.

15
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Another theoretical disparity in the causes of the word length effect is between
the globalist and localist accounts of this phenomenon. Globalist accounts (e.g.,
Baddeley, 1986) propose that the lengths of some words in the list affect the recall
performance on the other words on the list. Thus, overall features of some specific
word list can influence the measured memory span. On the other hand, localist
accounts holds that the specific length of each word from the list only affect the
recall of that word itself (Neath and Nairne, 1995) (see Table 1.1). Both accounts
predict that as the words get longer, overall performance decreases. However,
they differ on how this effect occurs. To test this, Cowan, Baddeley, Elliott and
Norris (2003), have devised 98 lists where each contained six words (zero, one,
two, three, four, five or six short words and complementary long words in each
case). They also included articulatory suppression to half of the trials. While they

found an effect of list composition, they did not find any pairwise differences

These results indicate that the word length effect may not solely rely on
spoken duration of words, despite being robustly influenced by it. In this thesis,
we compare words of similar length, while manipulating the units of information
those words convey. However, the problem with this manipulation is that it is
quite difficult to control the effects of the type of words (verbs vs. nouns) or the

frequency. These often covary with this manipulation.

Also, Neath, Bireta and Surprenant (2003) replicated the previous
experiments. They were able to obtain the same result as Baddeley, Thompson
and Buchanan (1975), using the same stimuli. They also found a reverse word

17



Table 1
Proportions of Short and Long Items Recalled in Order in Experiments1 — 4 and
Pronunciation Time (in milliseconds)

Experiment

|

Long 351 587 456

Short .400 470 364

Experiment

Long 418 572 423

Short 470 626 475

Table.1.1 Result obtained by Neath et. Al (2003)



length effect similar to the Caplan et. al. (1992) study. However, when they
replicated the procedure that Lovatt et. al. used (2000), the observed no difference
between recall of long and short words. Also, when they used a new set of
stimuli, they did not find an effect of word length. They concluded that the word

length effect is not robust.

Working memory capacity and chunking

Slak (1970), conducted an experiment where he and another person were
the only participants. Over time, they have trained themselves to recode chunks
of three digits into syllables into CVC (consonant-vowel-consonant) triagrams.
The first digit was decoded into the first consonant, the second digit was decoded
into a vowel and the third digit became the last consonant of the triagram. They
have learned thirty different transformation rules. The stimuli were read aloud as
single digits or in another condition, as a series of syllables and recoded into their
original three digit form. This procedure resulted in an increase in the number of
digits that could be recalled. However, this invrease was not substantial. On the
other hand, in the control condition, they mastered in recalling digits, and
recalled as much as 9 digits. Using the recoding method, their spans reached to 14
digits where they would recall 27 digits, if recoding was perfect. However, we

nnot precisely determine how many chunks were actually recalled.

Kleinberg and Kaufman (1971), used a different material to measure
chunking. They had their subjects learn arrays of dots that were presented inside

an 8 x 8 grid. A different name was given to each different dot-pattern serie. Some

19



subjects were presented two distinct patterns which appeared in series of four
dot-patterns. They gave a different letter name to each sequence that consisted of
four patterns. Other subjects received four distinct patterns and a different letter
name was given to each two-pattern sequence. There was another group of
subjects that did not learn these patterns. Long series of patterns were presented
to the subjects were told to recall them. Those who learned the recoding could

recall about four letters, which makes four chunks.

These studies showed that memory span could be dramatically increased
by using these rules. However, most studies during this time did not indicate
how chunking occurred. Simon (1974), claimed that the number of chunks
recalled cannot be determined unless we can independently identify those

chunks.

However, the term chunking may be an oversimplification of what
appears to be a network of complex associations. Cowan (2005), lists many
complicated properties chunks can have. For instance, "Chunks may have a
hierarchical organization"”, which means that people can chunk information on
multiple levels. This way, they can form "superchunks" to overcome the capacity
limit, by shifting their attention from one level to another. Generally, a chunk is
thought to be similar to a categorical group of items (i.e furniture). However,
"chunks may be the endpoints of a continuum of associations". For example, the
words tree and dictator may not be closely associated. However, if you imagine a
dictator that uses extreme force against protests about a tree being cut down in

20



some imaginary country, you might be able to recall the words. Also, "chunks
may include asymmetrical information" such that the association between a pair
of words may not be symmetrical. If you see the word Gangnam you will
probably think of the word style. On the other hand, if you see the word style it is
less likely that you will think of the word Gangnam (perhaps "APA" if you are a

psychologist). These are some of the issues Cowan (2005) have pointed out.

Cowan, Chen and Rouder (2005), conducted a rather complicated
experiment to identify chunks. They trained their subjects with different word
arrangements and either tested them with list recall first and cued recall second
(Experimen 1); or vice versa (Experiment 2). This made up the two different
experiments of the study. Table 1.2 illustrates the outline of their conditions and
study. The words were randomly paired in each condition, such as shoedog, toe-
brick, hat-grass, and car-fish. They tested their subjects on 8-item lists than
included previously paired words. They found that serial recall and cued recall
performance increased as the number of consistent pairings increased. This
inrease can be atrributed to the proportion of two-word chunks that the subjects

were exposed.

Chen and Cowan (2005), investigated the capacity limits in serial recall
and free recall. They manipulated the length of lists that contained singletons or
previously learned pairs. In the training condition, singletons were repeatedly
presented until the subject could recall these words perfectly. For the training
trials, a singleton or the first word of a previously learned pair was presented.

21



Subjects had to recall the second word in the pair or say that the word was

previously presented as a singleton. Then feedback was given.

They then went onto the serial recall or the free recall phase. Because the
training continued until perfect recall was achieved, Chen and Cowan (2005)
assumed that the pair was recalled as a single chunk. They compared
performance on lists that consisted of singletond and those that consisted of
learned pairs. Thus, performance on a list that contained 5 singletons should ve
equal to those that contained 5 learned pairs. On the free recall condition,
performance on lists of 6 learned pairs were almost equal to the lists of 6

singletons. However, a length limit occured in serial recall.

In a similar experiment Chen and Cowan (2009) provided evidence for a
constant capacity limit. The training phase was similar to their previous study (i.e.
Chen and Cowan, 2005). For the recall phase, subjects were presented lists of 4, 6,
8, or 12 singletons or 4 or 6 learned pairs. To assess the role of phonological
rehearsal, half the subjects engaged articulatory suppression. Without articulatory
suppression, mean recall performance changed across different list types. When
rehearsal was prevented with articulatory suppression, it resulted in a span of

almost 3 chunks for all the list types (Figure 1.7).
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Training Phase

Stlimuli

Words with 3-4 |etters, 3-5 phonemes, 1 syllable, a Kucera and Francis written
words frequency higher than 12, a concreteness rating higher than 500. Random
presentation of words and word pairs.

Training Conditions (all intermixed)

O-paired condition: 8 items were presented 4 times singly.

1-paired condition: 8 items were presented 1 time in consistent pairsand 3 times
singly.

2-paired condition: 8 items were presented 2 times in consistent pairsand 2 times
singly.

4-paired condition: 8 items were presented 4 times in consistent pairs

Procedure

The task is to read each word alooud as it appears

Serial-Recall Phase (Experiment 1, second phase; Experiment 2, third phase)

Stimuli

Lists of 8 words presented in the same pairs as were used in the training phase.
All8 words in a listfrom a single training condition.

In the 0-paired condition, pairings were not previously known to the subject.

In a no-study condition, words in the list did not appearin the training phase.

Procedure

Task is to recall the 8 wordsin a listin order by typing them into the keyboard.

Cued-Recall Phase (Experiment 1, third phase; Experiment 2, second phase.

Stimuli

The first word in a pairis presented. The pairings are the same ones used in serial
recalland in the 1-, 2-, and 4-paired conditions, used previously in training. Words
from all training conditionsrandomly intermixed.

Procedure

The task is to recall the second word in the pair by typing it to the computer.In
Experiment 1, in the no-study and 0-paired conditions, the correct response was
known only from the serial-recall phase. In Experiment 2, in the no-study condition
and 0-paired conditions, the pairing had never yet been seen and a permitted
response was N (word never seen yet) or S (word seen before but not in a pair.

Table 1.2 The training and testing procedure used by Cowan et. al. (2005)
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In general, chunking is thought to involve semantic associations between
words that provide cues for one another. A different characteristic of
agglutinative languages such as Turkish is that some words can convey more
than one unit of meaning. In this thesis, we will use this property to determine
whether chunking can involve a physical aspect, so that more information can be
retained if a physical chunk (such as gel- (e)cek —(i)m; meaning, I will come). We

will call this process physical chunking.
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CHAPTER 2

EXPERIMENTS

Experiment 1A

Although there are some discussions on working memory capacity (i.e.
number of items that can be maintained in working memory), there’s little
research on the nature of this capacity. The majority of studies focuses on
determining the exact number of items (or chunks) that can be held in working
memory and the general finding is that this number is around 4 (Cowan, 2001).
Generally, especially in studies of verbal working memory capacity, it is
measured as the number of words that can be recalled immediately (such that, if 4
singular words can be recalled, working memory capacity is thought to be 4).
This means that each word consists of only one piece of information. However,

neuropsychological findings do not implicate a specific capacity within this
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domain as they suggest that retrieval from working memory does not differ from

retrieval from long term memory.

As mentioned before, in some agglutinative languages such as Turkish, a
single word (in this case, verb) can convey more than one unit of meaning (such
as the “tense” and the “person” of the verb). In Experiment 1A , we took
advantage of this feature to determine whether these kind of words yield a
different kind of chunking mechanism and whether there the number of items
held in verbal working memory is different for letters, nouns and root verbs or
agglutinated verbs. We predicted that although there might be a difference
between letters and other words, capacity for verbs and nouns would not differ;
and that if the agglutination of verbs allows for a different kind of chunking
mechanism, the capacity for root verbs (condition 1) and agglutinated verbs

(condition 2) would not differ.

Method

Participants

Forty eight students taking the introductory psychology course at Bogazigci
University and a statistics course Izmir University of Economics participated in

the study. All participants gave informed consent (see Appendix A) and received
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course credit for their participation. The subjects were assigned randomly to the

two conditions.

Apparatus and Stimuli

All experiments, stimuli, timing operations and data collection were
controlled by a PC running E-prime 1.2 software (Psychology Research Tools,
Inc). The stimuli were presented on a white background on a 17-in CRT computer
monitor with a viewing distance of approximately 57 cm. The resolution was set

to 640 x 480. Hence, 1 pixel was approximately .05° of visual angle.

There were two different conditions (Root verbs and Agglutinated verbs)
and within each condition there were three different tasks (Operation span
(Ospan; Unsworth, Heitz, Schrock, & Engle, 2005), Nouns and Verbs). The
primary measure of interest was the verbal working memory capacity for
different kinds of verbs (root and agglutinated), which makes up our two
different conditions. The ospan task was used as a standard control measure to
determine if there was a difference among the participants in each condition in
terms of working memory capacity. The “noun task” was also used as a control
measure, but it was used to control for the different nature of the ospan and the
verb tasks. The ospan task uses single letters to determine verbal working
memory capacity, whereas the verb tasks use different verbs. So the noun task

was employed to control for the effects of word length. In each condition, the
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First Second Third
Condition 1 Verb Task (Agglutinative) Noun Task | Ospan Task
Condition 2 Verb Task (Root) Noun Task | Ospan Task

Table 2.1 The presentation orders for three different tasks in condition 1 and

condition 2
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Harfleri gosterildigi sirada isaretleyiniz. BOSLUK tusunu unuttugunuz harflerin yerlerini
doldurmak igin kullaniniz.

MKN

Figure 2.1 Sample response grid for the automated operation span task
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tasks were presented in the same order: the verb task, the noun task and the

ospan task.

The Automated Span Task

An automated version of Operation span task (Ospan; Unsworth, Heitz,
Schrock, & Engle, 2005) was used to measure working memory capacity. In
Ospan task, participants were presented with simple mathematical questions to
solve while asked to remember letters for later recall. There were three sections of
practice trials. In the first section, participants practiced with either 2 or 3 letters,
one at a time for 1000 ms [Y1] and then asked to recall the letters in the exact
order. They responded by clicking the letters they saw among the 12 letters (F, H,
J, KL, M, N, P, R, S, T, Y) presented to them, followed by clicking an “Exit”
button to start the next trial. There were 4 trials in this section and feedback about

how many letters were correctly recalled was provided after each trial.

In the second section, participants practiced with solving math operations.
They were given a simple math operation (e.g., (4*3) + 4 = ?) at the center of the
screen. After solving it they were asked to click. Then they were given an answer
choice of a digit (e.g. 4) and asked to decide if it is correct or incorrect by clicking
one of the buttons presented at the screen. They were instructed to respond as
accurate and as quickly as possible. There were 15 practice trials and feedback

was provided after each trial. The average response time of each participant was
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measured to be used as a baseline (average RT + 2.5 SD) in the experimental trials.
By this way, it was possible to account for the individual differences in response

times.

In the third practice session, participants practiced with both tasks
simultaneously. First, they solved a series of the math problems, each followed by
a letter. Then they recalled the letters in the exact order by clicking them among
the 12 letters. In order to prevent rehearsals, participants instructed that if their
response time was slower than their average in the math practice session, they
will not be allowed to answer to the math operation and it will count as an error.
There were 3 practice trails with set size 2 and no feedback provided this time.
Only the percentage of correct math responses made until that trial was presented
in red at the right corner of the screen and participants were told to try setting this

number at least to 85.

The experimental trials were the same as those of the third practice
session. The set sizes ranged from 3 to 7, with 3 sets from each set size. Therefore,
there were 15 trials (75 letters and 75 math problems) in total in the experimental
section. During the whole experiment, all responses were made by clicking the

left mouse button.

We calculated the Ospan score which was the sum of the number sets in
which all letters were recalled. The Ospan task is proposed to represent both

storage and processing capacity of working memory (Engle, Kane, & Tuholski,
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tamam

Figure 2.2 Sample response grid for the noun task.
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1999). The completion of this task took approximately 20-25minutes. of at
least 6 letters. Unfortunately, this tends to decrease the average frequency
of the nouns, which might have an effect on working memory

performance.

The Verb Tasks

The verb tasks were similar to the other two tasks (ospan and noun). The type of
verb (root or agglutinated) determined which the subjects were assigned. In the
agglutinated verb condition, subjects were presented agglutinated verb in Turkish
(such as, gel —(e)cek —(i)m; meaning, I will come). Thus, each word consisted of
three units of meaning: the verb, tense and the person. For convenience, the verbs
were presented only in three different tenses, past simple, present simple
andfuture. Also, the verb could be in first person singular, first person plural,
second person singular, second person plural, third person singular (note:
Turkish language does not convey gender in third person singular) and third
person singular. So in total, there were there were 18 agglutination options (3
tenses X 6 persons; see Table 2.2). Verbs in other tenses tend to be longer, so these

were selected to constrict the word lengths.

There were a total of 12 trials, with target words varying between 2 and 7. On
each trial, subjects were presented the target words along with the simple math

problems. At the end of each trial, subjects had to choose the target words from

34



the 12 word-grid on the screen by clicking the words in the exact order they were
presented. In the experimental session, the subjects did not receive any feedback,
except for the percentage of correct math responses. In total, the subjects saw 144
words, with 54 of them being target words and 90 of them being non-target

words.

Among the 144 words, each of the agglutination options appeared equally often.
For target words, each appeared three times and for non-target words, each
appeared five times. Also, target words appeared in random positions in the 12-

word trial grids.
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Person Tense
First singular
Second Singular

Past Simple
Third Singular

Present Simple
First Plural

Second Plural

Third Plural

Future

Table 2.2 Tenses and persons used for agglutination of verbs
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Task
2 +1=7
‘When you have solved the math problam, click g
themouse to continue
Problem
P
Answer
Recall
‘Seloct the lefters in the ander presented. Use the blank button to fill in forgotien letters | Letter
[ [(x [
Feedback
LS [ [3]n T5%
[2]p [4]a LR
e [y Ly
You recalled 0 letters correctly out of 4
FPNQ
clear E You made 1 math emor(s) for this set of trials

Figure 2.3 Procedure for the noun, verb and the ospan tasks. A math operation is
presented to the subjects. After solving the operation, they clicked on the screen
and a number is presented. Subjects decide whether this number is the correct
answer for the operation. This is followed by a letter, noun or verb, depending on
the task. Subjects are required to select the items from the set in correct order.
Then a feedback is provided (from Unsworth et al., 2005).
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Results

Correlational Analysis

First, in order to examine the relationship between participants” performances on
each task, we conducted a series of correlational analysis for each condition
separately. For Condition 1, the results show that all the correlations between our
working memory span measures were statistically significant (see Table 2.3). This
suggests that, all the tasks measure the same underlying construct, namely,
working memory capacity.

For Condition 2, the correlations between verb roots and letters were also
significant. However, the scores in the noun condition did not correlate with the
other scores (see Table 2.4). This may be due to individual differences between

groups. But before, we need to examine the t-test results.
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Agglutinative

Verbs Letters Nouns
Absolute Total Absolute Total Absolute Total
Score Score Score Score Score Score
Absolute i
Agglutinative Score
Verb
erbs Total
Score 847 -
Absolute
Score .685™ 6717 -
Lett
crers Total
Score .598™ 669" 944" -
Absolute
Score .639™ .686™ 676" 666" -
Nouns
Total 704" 811" 742" 725" 889" ;
Score
**p <.01.

Table 2.3. The Pearson Product-moment Correlations among Absolute Scores and
Total Scores in Each Task for Condition 1.
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Verb Roots Letters Nouns

Absolute Total Absolute Total Absolute Total

Score Score Score Score Score Score
Absolute
Score -
Verb Roots
Total .890™ -
Score
Absolute 4217 D17 -
Score
Letters Total 534" 564" 915" -
Score
Absolute .330 .190 .285 .280 -
Nouns Score
Total .319 284 257 .369 .700™ -
Score

*p <.05, *p <.01.

Table 2.4 The Pearson Product-moment Correlations among Absolute Scores and
Total Scores in Each Task for Condition 2.
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Agglutinative Verbs vs. Nouns for Condition 1

In order to examine whether the WM capacity was affected by the type of the
word being processed (Agglutinative Verbs or Nouns), we compared the
performance in the verb Task and the noun Task in condition 1 for each
dependent measure. First, a series of within subjects t-tests was conducted for
Absolute Score and Total Score separately. We hypothesized that, if the retention
of agglutinative verbs involved a different kind of chunking mechanism, the
performances would not differ. Results revealed that performance was similar for
Verb Task (M = 15.44, SD = 8.34) and Noun Task (M =16.00, SD = 8.11) in terms of
the Absolute Score, t(24) = -.40, p = .69, Cohen’s d = .07, effects size r = .03.
However, similar to our expectations, performance was significantly lower in the
Verb Task (M = 30.52, SD = 9.81) compared to the Noun Task (M = 33.84, SD =
10.27) in terms of the Total Score, t(24) =-2.69, p = .013, Cohen’s d = .33, effects size
r =.16 (see Figure 2.4).

Then, we were interested whether two tasks differed in terms of the math
performance. A series of within subject t-tests was conducted for each math
measure. We hypothesized that if the retention of agglutinative verbs required
more cognitive effort, math error would also be higher in the verb task. Contrary
to our expectations, Math Error was higher in the Noun Task (M = 8.24, SD = 5.63)
compared to the Verb Task (M =5.24, SD = 2.93), t(24) = -2.66, p = .014, Cohen’s d =

.67, effects size r = .32. We further examined the nature of the error difference
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between two tasks. Results showed that the error difference resulted from the
Speed Error rather than the Accuracy Error. Participants made more Speed Error
in the Noun Task (M =3.28, SD = 4.73) compared to the Verb Task (M =1.16, SD =
1.31), t(24) = -2.15, p = .042, Cohen’s d = .61, effects size r = .29. However, their
responses were similarly accurate in both Noun (M = 4.96, SD = 3.63) and Verb
Tasks (M =4.08, SD = 2.63), t(24) = -1.41, p = .17, Cohen’s d = .28, effects size r = .14
(see Figure 2.4).

Verb Roots vs. Nouns for Condition 2

We replicated the above analysis for our second condition to examine whether the
WM Capacity differed depending on the different type of word in the specific
task (Verb Roots or Nouns). We expected that performance in the verb task would
be higher, as the average word length was smaller for verb roots. Also, verb roots
end to be more frequent than nouns, as we tried to match these words to
agglutinated verbs in terms of length. In order to test our expectations, we
conducted a series of within subjects t-test with Task Type (Verb Roots or Nouns)
as within subject variable and Absolute Score and Total Score as dependent
measures. Analysis based on the Absolute Score revealed that performance was
significantly higher in the Verb Task (M =20.12, SD = 7.48) than the Noun Task (M
= 15.24, SD = 6.39), t(24) = 3.02, p = .006, Cohen’s d = .70, effects size r = .33.
However, performance was not different in terms of the Total Score between Verb

(M = 34.20, SD = 8.34) and Noun (M = 34.04, SD = 6.00) Tasks, t(24) = .09, p = .928,
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Cohen’s d = .02, effects size r = .01 (see Figure 2.4). Results suggest that while
serial recall was better for verbs, memory span did not vary among the two tasks.

Then, we examined the performance differences between two tasks in
terms of the math errors. A series of within subjects t-tests was conducted for each
math measure. The results showed that there was a marginally significant
difference between the performance in the two tasks in terms of the Math Error,
t(24) = 2.02, p = .054, Cohen’s d = .33, effects size r = .17. Error was higher in the
Verb Task (M =5.16, SD = 2.67) compared to the Noun Task (M = 4.20, SD = 3.01).
When further investigated this difference, unlike to the first condition, we found
that it resulted from the Accuracy Error rather than the Speed Error. Accuracy
was significantly lower in the Verb Task (M =4.16, SD = 2.46) than the Noun Task
(M = 3.12, SD = 2.79), t(24) = 2.40, p = .025, Cohen’s d = .40, effects size r = .19.
However, there was no difference between Verb (M = 1.00, SD = 1.16) and Noun
(M =1.08, SD =1.44) Task, in terms of the Speed Error, t(24) = -.25, p = .81, Cohen’s
d = .06, effects size r = .03 (see Figure 2.5). This pattern of results suggest a tradeoff

between math performance and memory performance.

Agglutinative Verbs vs. Verb Roots

In order to examine whether WM Capacity differs depending on stimulus type
(agglutinative verbs vs. verb roots), we conducted a series of between subjects t-
tests with Condition (Agglutinative Verbs vs. Verb Roots) as the between subject

variable. Our dependent variables were again Absolute Score, Total Score and
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Math Error (Speed and Accuracy Error). We expected that if agglutination of
verbs provided a different kind of chunking mechanism, performance would not
differ. However, agglutinated verb are naturally longer in length than verb roots,
so a word length effect may occur.

First, we found that Absolute Score was lower in the Agglutinative Verbs
(M =15.44, SD = 8.34) compared to Verb Roots (M =20.12, SD = 7.48), t(48) = -2.09,
p = .042, Cohen’s d = .59, effects size r = .28. Additionally, although Total Score
was also lower in the Agglutinative Verbs (M = 30.52, SD = 9.81) than Verb Roots
(M =34.20, SD = 8.34), it did not reach the significance level, t(48) = -1.43, p = .159,
Cohen’s d = .40, effects size r = .20. This suggests that serial recall is better for verb
roots. However, we cannot determine whether this occurred as a result of the
word length effect or as a result of the information load in agglutinative verbs.
For the total score, the difference was not significant, suggesting a chunking
mechanism for these words.

Second, we examined whether performance in these two conditions differ
in terms of the math results. We found that there were no difference between the
conditions in terms of the math error, t(48) = .10, p = .920, Cohen’s d = .03, effects
size r = .01. In other words, participants made similar error both in the
Agglutinative Verbs (M = 5.24, SD = 2.93) than Verb Roots (M = 5.16, SD = 2.67).
We also compared the conditions in terms of Speed and Accuracy Error
separately. Again, both Speed and Accuracy Error was not different between
Agglutinative Verbs (Ms = 1.16 and 1.31, SDs = 4.08 and 2.63, respectively) and

Verb Roots (Ms = 1.00 and 1.56, SDs = 4.16 and 2.46, respectively), t(48) = .46, p =
46



.65, Cohen’s d = .04, effects size r = .02 and t(48) = -.11, p = .91, Cohen’s d = .10,

effects size r = .05, respectively.

Ospan Analysis (Letters)

We utilized an Ospan task using letters as stimuli in order to collect a baseline
measure from our participants in each condition. Data of three participants in
Agglutinative Verbs condition was missing; therefore the total sample for this
analysis was 47. We compared the conditions with between subjects t-tests and
expected all dependent measures to be similar between conditions. We found that
the conditions were similar both in terms of Absolute Score and Total Score, t(45)
= -.998, p = .324, Cohen’s d = .29, effects size r = .14 and t(45) = -1.31, p = .198,
Cohen’s d = .38, effects size r = .19, respectively (See Figure 2.6). Similarly, there
were no difference between conditions in terms of Math Error, t(45) =1.01, p = .32,
Cohen’s d = .29, effects size r = .14. (For Speed Error, t(45) = .36, p =.724, Cohen’s d
= .10, effects size r = .05; for Accuracy Error, t(45) = 1.40, p = .170, Cohen’s d = .40,
effects size r = .20 (see Figure 2.7). The results suggest that participants in each
condition were similar in terms of the baseline measure of WM Capacity.

Therefore we can safely compare the subjects in each condition.
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Ospan Analysis (Nouns)

Similar to our baseline measure, we also compared participants” performances on
the Noun Task in each condition. We again compared the conditions with
between subjects t-tests and expected all dependent measures to be similar
between conditions. Consistent with our expectations, we found that the
conditions were similar in terms of both Absolute Score and Total Score, t(48) =
.37, p=.715, Cohen’s d = .10, effects size r = .05 and t(48) =-.08, p =.933, Cohen’s d
= .02, effects size r = .01, respectively. However, participants in the Agglutinative
Verbs condition (M = 8.24, SD = 5.63) made more Math Error than those in the
Verb Root condition (M = 4.20, SD = 3.01), t(48) = 3.16, p = .003, Cohen’s d = .89,
effects size r = .41. When we further examined the nature of math error, we found
that the same pattern of results exist for both Speed and Accuracy Error (t(48) =
2.22, p=.031, Cohen’s d = .63, effects size r = .30 and t(48) = 2.01, p = .050, Cohen’s
d = .57, effects size r = .27, respectively). These findings suggest that although the
WM Capacity for this task were similar for participants in each condition,
participants who completed the Agglutinative Verbs Task rather than the Verb
Root Task before the Noun Task made more math error.

This pattern of results indicate that an order effect may have confounded
our results. That is, because the tasks were given in a fixed order to all the

subjects, the verb task in different conditions might have had a differential effect
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on subjects” performance on the other two tasks (recall that the verb task was
given first to all the subjects). However, this might indicate that the agglutinative

verbs require more cognitive effort, which is reasonable.

Experiment 1B

Method

Participants

Forty eight students taking the introductory psychology course at Bogazici
University participated in the study. All participants gave informed consent (see
Appendix A) and received course credit for their participation. The subjects were

assigned randomly to the two conditions.

Apparatus and Stimuli

All experiments, stimuli, timing operations and data collection were controlled by
a PC running E-prime 1.2 software (Psychology Research Tools, Inc). The stimuli

were presented on a white background on a 17-in CRT computer monitor with a
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viewing distance of approximately 57 cm. The resolution was set to 640 x 480.

Hence, 1 pixel was approximately .05° of visual angle.

In experiment 1A, the grids that contained target words and non-target
words all denoted different verbs. Especially for the agglutinated verb condition,
this poses a problem. Subjects had to learn agglutinated verbs; however, resulting
from the nature of the task, they could have chosen the target words just by
recalling the verb roots. So, for this experiment, we added some distracter words
that have the same verb roots, but a different agglutination. For example, if gel —
(e)cek —(i)m (gelecegim; meaning, I will come) was a target word, the grid also
contained some other form of the verb, such a gel -di —niz (geldiniz; meaning,
you came). For convenience, not all the target words had a distracter in the grid.
There were also distracters for non-target words, so that subjects could not just
choose the verbs that had distracter forms. The number of target verbs and
distracter verbs in each trial is shown in Table 2.5. The number of target words
varied between 2-6 for this task. Then, scores from this task was compared to the
verb task scores from experiment 1A. We will refer to this task as the distracter

condition.

We also employed an automated operation opan task as a control measure,
similar to our previous experiment. All subjects received the verb task first, then

the automated operation span task.
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Results

Correlational Analysis

Similar to the Experiment 1a, we conducted a series of correlational analysis with
an aim to investigate the relationship between the participants’ performances on
each task in Experiment 1B.(see Table 2.5).

Analysis for Verbs

Absolute Score Proportion. In experiment 1A, the number of targets words in
each trial varied between 2 and 7. So the total number of target words was 54.
However, for the distracter task, this number was 40 because the number of
targets varied between 2 and 6. This was done so that all the words (target and
non-target words) could reasonably fit the grid. So, for this analysis we calculated
the percentage (proportion) of number of target words recalled. A one-way
between subjects ANOVA was conducted. Condition (Agglutinative Verbs, Verb
Roots and Distracter) was the between subjects variable while the Absolute Score
proportion was the dependent variable. There was a main effect of Condition,

F(2,72) = 3.46, MSE = .06, p = .037, o= .088 (see Figure 2.6). Post-hoc comparisons
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Non-target

Trial Target Distracter | Non-target Distracter Total
1 4 2 4 2 12
2 2 1 2 1 6
3 6 3 6 3 18
4 3 2 3 1 9
5 5 3 5 3 15
6 3 1 3 2 9
7 6 3 6 3 18
8 2 1 2 1 6
9 5 2 5 3 15
10 4 2 4 2 8

Table 2.5. Number of target, distracter, non-target and non-target-distracter

words for the distracter task.
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Agglutinative Verbs  Letters
Absolut Total Absolut Total
Score e Score Score
e Score
Absolute
Score
Agglutinative Verb
gglutinative Verbs Total
Score .790™ -
Absolute
Score .269 489" -
Letters
Total 232 451" 896" -
Score

*p <.05, **p < .01.

Table 2.6 The Pearson Product-moment Correlations among Absolute Scores and

Total Scores in Each Task for Experiment 1B.
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Post-hoc comparisons showed that performance was higher in the Verb Roots (M
= .37, SD = .03) compared to both Agglutinative Verbs (M = .29, SD = .03) and
Distracter (M = .28, SD = .03), which were not different from each other (ps = .028
and .023, respectively). The results suggest that the agglutinative verb task and
the distracter task did not differ and we can safely assume that the subjects did
not use any kind of strategy to recall the words.

Total Score Proportion. A one-way between subjects ANOVA was conducted.
Condition (Agglutinative Verbs, Verb Roots and Distracter) was the between
subjects variable while the Total Score proportion was the dependent variable.
There was not a main effect of Condition, F(2,72) = 1.17, MSE = .024, p = .316, op?=
.031 (see Figure 2.8). Consistent with the results of experiment 1A, memory span
did not differ among verb roots and agglutinative verbs, and adding the
distracter task did not change this result.

Analysis for Ospan (Letters)

Absolute Score. In order to compare all groups of participants were similar in
terms of our baseline measure, we conducted a one-way between subjects
ANOVA with Condition (Agglutinative Verbs, Verb Roots and Cond3) as the
between subjects variable and Absolute Score proportion as the dependent
variable. Results showed that there was not a main effect of Condition, F(2,69) =

1.33, MSE = 313.814, p = .27, op*= .037 (see Figure 2.8).
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Total Score. A one-way between subjects ANOVA was conducted. Results
revealed that there was not a main effect of Condition, F(2,69) = 1.99, MSE =
176.81, p = .145, o> = .055 (see Figure 2.9). So we can safely say that the three
groups did not differ in working memory capacity and any difference between

these groups can be attributed to our experimental manipulation.
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B Agglutinative Verhs
W Verb Roots

1 Distracter

Absolute Score Total Score

Figure 2.8 Absolute score and total score proportions for each condition
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W Agglutinative Verbs
W Verb Roots
= Cond3

Absolute Score Total Score

Figure 2.9 Absolute score and total score for each condition.
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CHAPTER 3

DISCUSSION

Working memory capacity is limited by its nature and the search for a constant
capacity limit has occupied memory research for a long time. The basic issue is
whether this capacity is a constant, which are rare to find in the field of cognitive
psychology. So, it is easy to understand the fascination and interest that arose
after Miller (1956) has proposed that short term memory capacity was limited to

“the magical number seven, plus or minus two.”

Since then, many theoretical accounts for this capacity have been proposed
(Cowan, 2001; Baddeley, 1986). However, the nature of this capacity has been
disputed. Cowan provides us an analogy to explain the basis of a constant

capacity:

Imagine that the boat will take people only in vehicles and that the boat is
limited only in how many vehicles it can take on board. The practical capacity
of the boat might be defined as how many people it will hold. However, the
answer depends on how many people are packed into each vehicle. If the boat
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remains at the dock until it is full (after which no more vehicles are admitted)
and then departs on its journey, the number of people transported each time
will vary within a certain range. However, a person will understand that
variation better if he or she knows about the boat’s fundamental limit in terms
of vehicles. So, the limit in terms of vehicles is a narrow sense of capacity and
understanding that limit lends insight to our understanding, even if we are
ultimately more interested in the practical question of how many people can be
transported. Of course, for practical purposes, someone also might want to
know what other means of transportation are available for crossing the body of
water or, in terms of working memory, what mental processes are available for
holding information for a task at hand.

Given that the capacity estimations has been inconsistent throughout, and the
great number of factors that affect this capacity has been discovered, it may seem
reasonable to assume that there is not a constant limit but a variable process that
is highly dependent on task characteristics. For verbal working memory, these
characteristics may be the lexical properties of words in a given list (e.g., the
frequency, length, concreteness or the imaginability), the method of retrieval (e.g.,
recall, recognition, word completion) or how these words are studied (e.g. the
modality of presentation), to name a few. Even the congruency between the
method of study and the method of retrieval can have an effect. The question is

that what are we to make of it even if we find a constant. Cowan (2005), explains

how we might find constancy in something that seems highly variable:

In the analogy regarding the capacity of a ferry boat, suppose that one could
not observe the cars going into the ferry (perhaps because it was proprietary
information?), but only had an estimate of the people arriving at the city on the
opposite shore, whether by ferry boat or by another means such as a bridge.
That estimate would serve some practical purposes, such as planning the
amount of food needed in the city. However, if one wanted to understand the
fundamental capability of the system, a more controlled approach would have
to be taken. For example, the city could temporarily close the bridge and also
limit the ferry voyages to one person per vehicle. Then the number of people
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arriving in the city would serve as an estimate of how many vehicles fit on the
boat. This stretched analogy helps to dramatize the situation in human
cognition in which a basic mechanism of working memory capacity, narrowly
defined, is not apparent to the eye but can be investigated if we know enough
about the processing system in which the mechanism is ensconced. One such
basic mechanism is that associated with conscious awareness of the stimuli and

a capacity-limited, primary memory.

As mentioned before, there has been a distinction between the item-based
accounts and time-based accounts of working memory capacity. After Baddeley
(1975, reported that shorter words tended to yield higher spans, a time based
account became more favored. However, while the word length effect seems
robust, it has been shown that this effect can be eliminated (e.g., Service, 1998) or
even reversed (e.g. Caplan et. al. 1992). A working memory model that contains a
phonological loop seems intuitive, but if the effects that are dependent on this
component can be superseded by other types of variables, it can be reasoned that
the capacity limit does not solely rely on this component. In this thesis we
investigated a new variable that could affect working memory capacity, namely,

the information load of words. To test these effects, we compared agglutinated

verbs and nouns of the same length, and also agglutinated verbs and verb roots.

In experiments 1A and 1B, we investigated whether agglutinated verbs and
verb roots yielded different capacity measures. For each task, we computed five
different scores: (a) absolute span, which is the sum of all perfectly recalled sets;
(b) total span, which is the total number of words recalled in the correct position;
(c) math speed error, the number of math errors in which the subject could not

provide an answer in time; (d) math accuracy error, in which the subject did not
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provide the right answer; (e) total math error, which is the total of accuracy and

speed errors. All the analyses were based on these measures.

In general, the absolute span and total span measures yielded different
results. The absolute span score was higher for verb roots. This is an expected
result, since agglutinative verbs are always longer. This can be attributed to the
word length effect. However, the total span scores were similar in both
conditions. This suggests that while agglutinative verbs may require more
cognitive effort, making it harder to perfectly recall a given set. On the other
hand, the total span being similar reduces the probability that a word length
effect occurred. There was also no difference between math errors among the two
conditions. However, we also added a noun task to investigate and control for the
word length effect. For this task, we included nouns that were similar in length to

the agglutinated verbs in condition 1.

In condition 1, performance was similar for both tasks, in terms of the
absolute score. However, total score was significantly higher in the noun task.
Surprisingly, we see an opposite pattern of results in condition 2. Here,
performance was better in the noun task, in terms of the absolute score. However,
total score was similar in both tasks. This might suggest that agglutinative words
generally require more cognitive effort, thus making it harder to perfectly recall a

given set.

In condition 2 , performance was better in the noun task in terms of the

absolute span score. However, performance did not different in terms of the total
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span between these two tasks. This is contrary to what we might expect
considering the word length effect. This may be attributed to the higher

imaginability and concreteness of the nouns.

We see that when speed error was more frequent in the noun task, total
span score increased compared to the verb task in condition 1. This might
indicate a tradeoff between span performance and math performance. However,
we do not see this tradeoff in condition 2, such that while accuracy was lower in

the verb task, total span score is higher.

The main weakness of this study was that it did not account for verb roots
and agglutinations separately, which can have different mechanisms of retention.
The retention of verb roots, which convey information about an action, may have
more long-term memory involvement and the retention of agglutinations can be
more dependent on covert rehearsal. For example, people may recall the root of
an agglutinated verb, but not the agglutination. In experiment 1A, only recalling
the root of an agglutinated verb was enough to provide a correct response. We
added the distracter task in experiment 1B to discover whether the subjects used a
strategy to only retain word roots. Given that the span performances did not
differ among the agglutinative verb task and the distracter task, we can conclude
that this was not the case. However, we did not measure the number of times
subjects responded with the distracter word, instead of the target word. This
distinction would help better distinguish between verb roots and agglutinated
verbs. For further research, a task that subjects can recall the verb roots and
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agglutinations separately. Thus, we can get an implication of whether these two

uses separate stores.

In general, when we compare the scores for the three different verb tasks
(root, agglutinated and distracter), recall performance seems to be better for verb
roots. However, considering the units of information (in this case, three), we
might conclude that overall, this kind of physical chunking allows for more units

of information to be retained in working memory.
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APPENDIX A

Informed Consent Form

Bilgilendirilmis Onam Formu

Arastirmay1 destekleyen kurum: Izmir Ekonomi Universitesi, Psikoloji Boliimii
Arastirmanin adi: Kelimelerdeki Bilgi Yiikiiniin Calisma Bellegi Kapasitesine Etkisi
Arastirmacilarin adi: Yalgin Akin Duyan

Adres: izmir Ekonomi Universitesi Psikoloji Boliimii, 35330 izmir

E-posta: yalcinduyan@gmail.com

Telefon: (506) 934 0757

Sayin Katilimet,

Bu deney bireylerin caligma bellegi kapasitesini Ol¢mektedir. Sizden, bilgisayarda
sunulacak olan bazi kelimeler {lizerinde calismaniz ve daha sonra bunlari hatirlamaniz
istenmektedir. Deney, ortalama 1 saat siirecektir. Deneye katilmaniz karsiliginda size PSY
101 dersinden 1 kredi verilecektir.

Bu arastirma bilimsel bir amacgla yapilmaktadir, toplanan veriler yayin amacglh
kullanilacaktir ve katilimer bilgilerinin  gizliligi esas tutulmaktadir. Admiz ve
performansiniz higbir sekilde eslestirilmeyecektir.

Bu arastirmaya katilmak tamamen istege baglhidir. Katildiginiz takdirde calismanin
herhangi bir agsamasinda sebep gostermeden ¢alismadan ayrilma hakkina sahipsiniz, bu
durumda kredi alma hakkimizi kaybetmeyeceksiniz. Arastirmayla ilgili sorularinizi
deneyin sonunda bize yoneltebilirsiniz.

Bu énemli ¢alismada bize yardimci olmak isterseniz, liitfen asagidaki “izin Formu’nu
doldurup imzalayiniz. Eger 18 yasindan kiigiik iseniz, liitfen bu formu velinize imzalatip
aragtirmaciya teslim ediniz. Caligma hakkindaki bilgilendirmeyi okudum ve anladim.
Caligmaya katilmak istiyorum [ ptemiyorum ]

Velisi veya vasinin ads, soyadi ve imzasi:
....................................................... (18 yasmdan kiigtik katilimcilar igin)

Bilgilendirilmis Olur Formu’nun bir 6rnegi tarafima verildi.

TRIBTONUE ..
EmPOSTA .
Tarih (giin/ay/yil):.... .....d oo
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APPENDIX B

Word Grids For The Agglutinated Verb Task

Trial 1

bilindim ediliyor bozulacak yaratti
birakacaksin siirecegiz cektin diyor
bagliyorsun tuttuk tutuluyorsunuz agiliyorum

Target words

: tutuluyorsunuz, siirecegiz, bozulacak, agiliyorum

Trial 2

sayildik caldin denecek toplayacaklar
goriliseceksin bastyor degistik dayandilar
geldiler kosacagiz artirdim geliseceksin
Target words: degistik, denecek

Trial 3

oynadim azaliyorsun biiytiyorlar soyledi
duracak dinliyorlar girdiniz gevirdim
kalkacaksiniz artyoruz sordular denildiniz

Target words

: cevirdim, girdiniz, sdyledi, oynadim, sordular, biiytiyorlar
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Trial 4

izliyorsun dilediniz sundular kurulacaklar
korudunuz liretecegiz katilacagiz donecekler
bildin iniyorlar karistyorum ulagtik

Target words: izliyorsun, karisiyorum, bildin

Trial 5

calistyorlar yaziyorsunuz yayilacaksin gorecegiz
anlatiyor koydum benzeyecegiz goruniyorsunuz
sunulacaklar artiyorsun uzandi dolagacagim

Target words: sunulacaklar, ¢alisiyorlar, benzeyecegiz, goriiniiyorsunuz,

gorecegiz

Trial 6

evlendin giziyorsunuz oturuyorsunuz kacacaklar
ogrendi tagiyacagiz yapiyor ugragiyorsun
olustun saniyorsunuz okuyacagim attiniz

Target words: olustun, 6grendi, attiniz

Trial 7

geciyorsun giyiyor verecek buluyorum
yetiyoruz isleyecek kaldim korkuyorsunuz
baglayacaksmiz | igiyorlar ugrastik almacak

Target words: yetiyoruz, ugrastik, kaldim, giyiyor, baglayacaksiniz, geciyorsun
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Trial 8

geciriyorum saglayacagim kapatacaksmniz bitiyorum
isteyecekler kapanacagim diisiiyorsunuz duyuyor
ayiracaksiniz yiiriiyoruz yazilacagim inanacaksimniz

Target words: ayiracaksmiz, duyuyor, yiiriiyoruz, diistiyorsunuz, saglayacagim,

yazilacagim, isteyecekler

Trial 9

kestiler biniyoruz yatryorum ayrilacaksiniz
cikiyoruz kullandik anladi vardi
cikardim oynayacaklar cekiliyoruz bitirecek
Target words: bitirecek, ¢ikiyoruz

Trial 10

aldilar sokacak bekliyorlar takildin
saylyorum doguyorsun uyudum gostereceksin
kazanacagim kesildin kilacaksin yasand1

Target words: bekliyorlar, kesildin, aldilar, takildin, gostereceksin

Trial 11

tanidin gotiirdii atildin getirdiler
uzatiyoruz baktin dontstiiler konusacaksin
gittiniz odeyeceksiniz unutuyorum satt1

Target words: unutuyorum, satti, konusacaksin, dontistiiler

73



Trial 12

diistindiik kuracagim sececegiz ekleyecek
kaldim dinliyor bulundunuz yasayacaksiniz
bagiriyorlar yanacaklar istendiniz igeriyorlar

Target words: diisiindiik, dinliyor, yasayacaksiniz, ekleyecek, kuracagim,

bulundunuz, yanacaklar
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Word Grids For The Root Verb Task

APPENDIX C

Trial 1

bilinmek Edilmek bozulmak yaratmak
birakmak Stirmek cekmek demek
baslamak Tutmak tutulmak acilmak
Target words: tutulmak, stirmek, bozulmak, agilmak

Trial 2

sayilmak Calmak denmek toplamak
goriismek Basmak degismek dayanmak
gelmek Kosmak artirmak gelismek
Target words: degismek, denmek

Trial 3

oynamak Azalmak bliytimek sOylemek
durmak Dinlemek girmek cevirmek
kalkmak Aramak sormak denilmek

Target words: ¢evirmek, girmek, sdylemek, oynamak, sormak, biiytimek
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Trial 4

izlemek Dilemek sunmak kurulmak
korumak Uretmek katilmak donmek
bilmek Inmek karigmak ulasmak
Target words: izlemek, karismak, bilmek

Trial 5

calismak Yazmak yayilmak gormek
anlatmak Koymak benzemek goriinmek
sunulacaklar Artiyorsun uzandi dolagacagim

Target words: sunulmak, calismak, benzemek, gortinmek, gormek

Trial 6

evlenmek Cizmek oturmak kagmak
ogrenmek Tagimak yapmak ugrasmak
olugsmak Sanmak okumak atmak
Target words: olusmak, 6grenmek, atmak

Trial 7

gecmek Giymek vermek bulmak
yetmek Islemek kalmak korkmak
baglamak I¢mek ugrasmak alinmak

Target words: yetmek, ugrasmak, kalmak, giymek, baglamak, gecmek

76



Trial 8

gecirmek Saglamak kapatmak bitmek
istemek Kapanmak diismek duymak
ayirmak Yiiriimek yazilmak inanmak

Target words: ayirmak, duymalk, yiirtimek, diismek, saglamak, yazilmak, istemek

Trial 9

kesmek Binmek yatmak ayrilmak
¢ikmak Kullanmak anlamak varmak
¢ikarmak Oynamak cekilmek bitirmek
Target words: bitirmek, ¢ikmak

Trial 10

almak Sokmak beklemek takilmak
saymak Dogmak uyumak gostermek
kazanmak Kesilmek kilmak yasanmak

Target words: beklemek, kesilmek, almak, takilmak, gostermek

Trial 11

tanimak Gotiirmek atilmak getirmek
uzatmak Bakmak doniismek konusmak
gitmek Odemek unutmak satmak

Target words: unutmak, satmak, konusmak, doniismek
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Trial 12

diistinmek Kurmak se¢cmek eklemek
kalmak Dinlemek bulunmak yasamak
bagirmak Yanmak istenmek icermek

Target words: diisiinmek, dinlemek, yasamak, eklemek, kurmak, bulunmak,

yanmak
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Word Grids For The Noun Task

APPENDIX D

Trial 1

tiketim monitor konservatuar aligkin
surpriz miirekkep barmak pazartesi
bilimci zencefil aksesuar mutluluk
Target words: terslik, festival, elestirmen, mithendis

Trial 2

evrensel zararl fazlalik vejetaryen
pesinatsiz kaptiison operasyon miiessese
erozyon koridor misafir izlenim
Target words: kapiison, misafir

Trial 3

karigik sampuan akvaryum garanti
indirim kelebek duygulu bilisim
yorgunluk riizgar gecerlik gicrtl

Target words: kelebek, yorgunluk, duygulu, sampuan, gegerlik
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Trial 4

endiistriyel karikatiir tanitim onursuz
enstruman cicekei arkadas nisanct
kanepe mineral atmosfer lisengeg

Target words: arkadas, onursuz, kanepe, endiistriyel, mineral, tanitim

Trial 5

kirmizi fotograf karinca dinamik
televizyon protein bunalim insanhk
aliminyum mesguliyet oksijen fermuar

Target words: aliiminyum, karinca, mesguliyet, fermuar, kirmiz

Trial 6

tiketim monitor konservatuar aliskin

surpriz miirekkep barmak pazartesi
bilimci zencefil aksesuar mutluluk
Target words: konservatuar, aliskin, monitor, pazartesi

Trial 7

enerjik soytar1 battaniye mahcubiyet
gramafon sanatg1 kararl konsantrasyon
uygarlik rezervasyon miiftiilik hirginlik

Target words: kararli, hir¢inlik, gramafon, mahcubiyet, sanatgi, uygarhik
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Trial 8

sandalet lokanta mesgrutiyet ¢amasir
siiresiz meteoroloji enformasyon bagibos
telefon elektrik tehlike seyirci

Target words: enformasyon, tehlike, elektrik, lokanta, seyirci, sandalet, telefon

Trial 9

prensip etnograyfa atletik sandalye
atmosfer kahvalt1 arkeoloji iskelet
sampanya kalorifer enginar sempatizan
Target words: sempatizan, kalorifer

Trial 10

sarsici hakimiyet telekominikasyon | istihbarat
antropoloji gurilti bisiklet mobilya
standart yagcilik pencere cikolata
Target words: antropoloji, ¢ikolata, sarsici

Trial 11

serbest dostluk anarsist cinayet
sevgili solaryum rahatsiz horultu
hastahane rezalet kuyumcu ogrenci

Target words: kuyumcu, rezalet, 6grenci, sevgili, serbest, horultu, cinayet
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Trial 12

simiilasyon gerceklik laboratuar bunalti
gelisim papatya siddetli meyhane
merakl tretici tabanca federasyon

Target words: meyhane, siddetli, tiretici
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APPENDIX E

Word Grids For The Distracter Verb Task

Trial 1

bozulacak yaratti aciliyorum bozuldu
bagliyorsun aciliyorsunuz yarattiniz stirdii
stirecegiz bagliyorum tutulduk tutuluyorsunuz

Target words: bozulacak, stirecegiz, tutuluyorsunuz, agiliyorum
Distracters: bozuldu, siirdii, tutulduk, agiliyorsunuz

Trial 2

degistik kostular degistiler kosacagiz
denecek sayildik

Target words: denecek, degistik

Distracters: degistiler

Trial 3

biiyliyoruz dinliyorlar sordular cevirdiler

arryoruz azaliyorsun kalkacaksmiz oynadim

girdim duracaksin girdiniz denildiniz

azaliyorsun biiyiiyorlar duracak gevirdim

dinliyorsunuz sOyliiyorsun dinliyorsunuz soyledi

Target words: oynadim, biiytiyorlar, sdyledi, girdiniz, ¢evirdim, sordular

Distracters: biiyiiyoruz, soyliiyorsun, girdim, ¢evirdiler
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Trial 4

diliyorlar karistik katillacagiz bildin

katildim ulagtik izliyorsun izliyorlar

dilediniz karisiyorum dilediniz karisryorum

Target words: izliyorsun, bildin, karigtyorum

Distracters: izliyorlar, karistik

Trial 5

yazlyorsunuz calisiyorlar benzediler goriniyorsunuz

dolagacagim gorecegiz benzeyecegiz uzaniyorum

uzandi sunulacaklar calistiniz anlatiyor
yazacaklar

Target words: calisiyorlar, gorecegiz, benzeyecegiz, goriiniiyorsunuz,

sunulacaklar

Distracters: galistiniz, benzediler

Trial 6

okuyoruz attiniz O0grenecegiz yaptilar

olustun kacacaklar ogrendi atiyorsun

okudunuz yapacaksimniz okudunuz yapacaksmiz

Target words: 6grendi, olustun, attiniz

Distracters: 0grenecegiz, atiyorsun

Trial 7

giyiyor isledik yetiyoruz verecek

baglayacaksmiz | bulacaklar aliacak ugrastik

igiyorlar verdiler korkuyorsunuz buluyorum

geciyorsun ugrasiyorum kaliyorsunuz gectiler
kaldim isleyecek

Target words: geciyorsun, giyiyor, yetiyoruz, kaldim, baglayacaksiniz, ugrastik
Distracters: gegtiler, kaliyorsunuz, ugrastyorum




Trial 8

bitirdik bitirecek yatiyorum anlads
cikiyoruz anliyoruz

Target words: gikiyoruz, bitirecek

Distracters: bitirdik

Trial 9

aldilar sayacaklar kazandik takilacak

kesildin aliyorsunuz kilacaksin bekliyorlar

uyudum takildin kazanacagim uyuyoruz

gostereceksin saylyorum bekledik sokacak

Target words: aldilar, bekliyorlar, takildin, gostereceksin, kesildin
Distracters: aliyorsunuz, bekledik, takilacak

Trial 10

unutuyorum gotirdi gittiniz dontistiiler
satacaklar konusacaksin O0deyeceksiniz satt1
taniyacak tanidin unutacaksin gotiirliyorum

Target words: doniistiiler, konusacaksin, unutuyorum, satti
Distracters: unutacaksin, satacaklar
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APPENDIX F

Instructions For The Automated Operation Span Task

>>>Recall Instructions<<<

Bu calismada ekranda gordiigiiniiz harfleri hatirlamaya calisacaksiniz. Ayni

zamanda sizden basit matematik sorular1 cevaplandirmaniz istenecek.

Oncelikle deneyin nasil uygulanacagini gérmek icin biraz alistirma yapacaksiniz.

[k olarak, harfler ile ilgili kism1 ¢alisacagiz.

Bu alistirma asamasinda harfler birer birer ekranda belirecek.

Liitfen her harfi gosterildigi sira ile hatirlamaya galisiniz.

Size 2 veya 3 harf gosterilecek. Daha sonra ekranda 12 harf belirecek. Her harfin
yaninda bir kutu olacak. Bir dnceki ekranda size sunulan harfleri, bu 12 harf

icinden gosterildigi sirada se¢meye ¢alisin.

Bunu yapmak i¢in 'mouse’ ile harflerin yanindaki kutulara tiklamaniz yeterli.

Sectiginiz harfler ekranin altinda belirecek.

Gosterilen tiim harfleri dogru sirada sectiginizde sag alt kosedeki TAMAM

kutusuna basimiz.

Hata yaparsaniz, ekrandaki SIL kutusunun iizerine tiklayarak bastan
baslayabilirsiniz.
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Eger harflerden birini unutursaniz, BOSLUK kutusunun tizerine tiklayarak o

harfin yerini belirtebilirsiniz.

Onemli olan harfleri DOGRU sirada hatirlamak. Eger unuttugunuz harf varsa bu

harfin sirasmni belirtmek i¢cin BOSLUK kutusunun iizerine tiklayabilirsiniz.

Herhangi bir sorunuz var mi?

Hazir oldugunuzda alistirmalara baslamak i¢in 'mouse'a tiklaymiz.

>>>Recall Practice<<<<

Harfleri gosterildigi sirada isaretleyiniz. BOSLUK tusunu unuttugunuz harflerin

yerlerini doldurmak icin kullaniniz.

>>>Math Instructions<<<

Simdi, deneyin matematik kismi i¢in biraz aligtirma yapacagiz.

Ekranda asagidaki gibi bir matematik sorusu belirecek:

2*1)+1=2?

Soruyu goriir gormez, sorunun dogru cevabini hesaplamalisiniz.

Yukaridaki soruda dogru cevap 3.

Dogru cevabi hesapladiginizda 'mouse'a tiklayiniz.
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Bir sonraki ekranda bir say1 goreceksiniz. Saymin altinda DOGRU ve YANLIS

yazil iki kutu olacak.

Eger ekrandaki sayt DOGRU yamit ise DOGRU, yanlis yanit ise YANLIS kutusuna

‘mouse' ile tiklaymiz.

Ornegin, gordiigiiniiz soru

*2)+1="?
ve ardindan ekranda gordiigiiniiz say1 5 ise

DOGRU kutusunu isaretleyiniz -¢iinkii bu gergekten de DOGRU olan cevap.

Gordiigiliniiz soru:

Q2*2)+1="7

ve ardindan ekranda gordiigiiniiz say1 6 ise

YANLIS kutusunu isaretleyiniz -¢linkii bu yanhs cevap.

Kutulardan birini isaretledikten sonra bilgisayar soruyu dogru veya yanls

cevapladiginizi belirtecek.

Matematik sorularim1 DOGRU cevaplandirmaniz COK ONEMLI. Ayni zamanda

matematik sorularimni olabildigince ¢abuk ¢6zmeye ¢alismalisiniz.

Herhangi bir sorunuz var mi?

Hazir oldugunuzda alistirmalara baslamak i¢in 'mouse’ ile tiklayarak

ilerleyebilirsiniz.
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>>>Math Practice<<<

Soruyu cozdugunuzde mouse ile bir sonraki ekrana ilerleyiniz.

>>>Session Instructions<<<

Simdi deneyin ilk iki asamasini ayn1 anda yapacaksiniz.

Bundan sonraki alistirmada yine matematik sorular1 goreceksiniz. Her bir
matematik sorusunu ¢oziip cevaplandirdiginizda ekranda bir harf belirecek. Bu

harfi hatirlamaya ¢alisin.

Bilgisayar, bir 6nceki asamada matematik sorularini cevaplarken sorular1
ortalama ne kadar siirede ¢ozdiigliniizli hesapladi. Eger bu boliimde sorulari
¢ozmek igin daha uzun zaman harcarsaniz, bilgisayar otomatik olarak sorunun
harf kismina atlayacak (yani DOGRU/YANLIS kismini gececek) ve matematik

sorusunu ¢ozememis oldugunuzu kaydedecek.

Bu yiizden matematik sorularini en DOGRU ve en HIZLI sekilde cevaplamaniz

¢ok 6nemli.

Harf ekrandan silindikten sonra yine bir matematik sorusu belirecek.

Her asamanin sonunda bir hatirlama ekrani belirecek. Burada yine 'mouseu
kullanarak gordiigiiniiz harfleri belirteceksiniz. Liitfen harfleri DOGRU sira ile

hatirlamaya galisin.

Matematik sorularin1 HIZLI ve DOGRU ¢ézmeniz cok 6nemli. Matematik

sorusunun cevabini hesaplamadan bir sonraki ekrana gecmeyiniz.

Bu kisimda matematik sorusunu DOGRU ¢oziip ¢ozmediginiz size
bildirilmeyecek.
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Ama hatirlatma ekraninin sonunda harfleri DOGRU hatirlay1p hatirlamadiginiz
ve 0 ana kadar ¢6zdiigiiniiz tiim matematik sorularindaki DOGRU oraniniz
belirtilecek.

Herhangi bir sorunuz var mi1?

Geri bildirim olarak ekranin sag {ist kosesinde kirmizi bir say1 goreceksiniz. Bu

say1 tim matematik sorularindaki ortalama basarinizi belirtecek.

Bu say1y1 en az yiizde 85'de tutmaniz COK 6nemli.

Arastirmanin amaci igin basar1 diizeyi en az yiizde 85 olan verileri

kullanabiliyoruz.

Herhangi bir sorunuz var mi?

Mouse'a tiklayarak alistirma yapmaya baglayabilirsiniz

>>>Experimental Practice<<<

Harfleri gosterildigi sirada isaretleyiniz. BOSLUK tusunu unuttugunuz harflerin

yerlerini doldurmak icin kullaniniz.

Aligstirma asamasi sona erdi.

Asil deney de az 6nce tamamladiginiz alistirmalar gibidir.

Oncelikle ¢oziilecek matematik problemini, ardindan hatirlamaniz gereken harfi

goreceksiniz.

Daha sonra bir hatirlama ekrani belirecek. Burada yine 'mouse'u kullanarak
gordiigiiniiz harfleri sirasiyla belirteceksiniz. Liitfen harfleri DOGRU sira ile
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hatirlamaya galisin. Eger bir harfi unutursaniz, BOSLUK kutusunun tizerine

tiklayarak o harfin yerini belirtebilirsiniz.
Bazi1 boliimlerde daha fazla matematik problemi ve harf olacak.

Matematik sorularmi DOGRU cevaplandirmaniz ve harfleri DOGRU sira ile
hatirlamaniz COK ONEMLI.

Ayni zamanda matematik sorularini olabildigince ¢abuk ¢6zmeye calismalisiniz.

Liitfen matematik sorularinda basar1 diizeyinin en az yiizde 85 olmas: gerektigini

unutmayin.

Herhangi bir sorunuz var mi1?

Hazir oldugunuzda 'mouse’ ile tiklayarak deneye baglayabilirsiniz.

>>>Experimental Session<<<
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APPENDIX G

Instructions For The Verb Task

>>>Recall Instructions<<<

Bu calismada ekranda gordiigiiniiz kelimeleri hatirlamaya calisacaksiniz. Aym

zamanda sizden basit matematik sorular1 cevaplandirmaniz istenecek.

Oncelikle deneyin nasil uygulanacagini gérmek icin biraz alistirma yapacaksiniz.

Ik olarak, kelimeler ile ilgili kismi ¢alisacagiz.

Bu alistirma asamasinda kelimeler birer birer ekranda belirecek.

Liitfen her kelimeyi gosterildigi sira ile hatirlamaya ¢alisiniz.

Size 2 veya 3 kelime gosterilecek. Daha sonra ekranda 12 kelime belirecek. Her
kelimenin yaninda bir kutu olacak. Bir 6nceki ekranda size sunulan kelimeleri, bu

12 kelime iginden gosterildigi sirada segmeye ¢alisin.

Bunu yapmak i¢in 'mouse’ ile kelimelerin yanindaki kutulara tiklamaniz yeterli.

Sectiginiz kelimeler ekranin altinda belirecek.

Gosterilen tiim kelimeleri dogru sirada sectiginizde sag alt kosedeki TAMAM

kutusuna basimiz.

Hata yaparsaniz, ekrandaki SIL kutusunun iizerine tiklayarak bastan
baslayabilirsiniz.
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Eger kelimelerden birini unutursaniz, BOSLUK kutusunun iizerine tiklayarak o

kelimenin yerini belirtebilirsiniz.

Onemli olan kelimeleri DOGRU sirada hatirlamak. Eger unuttugunuz kelime
varsa bu kelimenin sirasini belirtmek i¢cin BOSLUK kutusunun tizerine

tiklayabilirsiniz.

Herhangi bir sorunuz var mi?

Hazir oldugunuzda alistirmalara baslamak i¢in 'mouse'a tiklaymniz.

>>>Recall Practice<<<<

Kelimeleri gosterildigi sirada isaretleyiniz. BOSLUK tusunu unuttugunuz

kelimelerin yerlerini doldurmak igin kullaniniz.

>>>Math Instructions<<<

Simdi, deneyin matematik kismi i¢in biraz aligtirma yapacagiz.

Ekranda asagidaki gibi bir matematik sorusu belirecek:

2*1)+1=2?

Soruyu goriir gormez, sorunun dogru cevabini hesaplamalisiniz.

Yukaridaki soruda dogru cevap 3.

Dogru cevabi hesapladiginizda 'mouse'a tiklayiniz.
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Bir sonraki ekranda bir say1 goreceksiniz. Saymnin altinda DOGRU ve YANLIS

yazil iki kutu olacak.

Eger ekrandaki say1 DOGRU yanit ise DOGRU, yanlis yanit ise YANLIS kutusuna

'mouse' ile tiklayimiz.

Ornegin, gordiigiiniiz soru

2*2)+1="?
ve ardindan ekranda gordiigiiniiz say1 5 ise

DOGRU kutusunu isaretleyiniz -glinkii bu gercekten de DOGRU olan cevap.

Gordiigiiniiz soru:

Q2*2)+1="7

ve ardindan ekranda gordiigiiniiz say1 6 ise

YANLIS kutusunu isaretleyiniz -¢linkii bu yanhs cevap.

Kutulardan birini isaretledikten sonra bilgisayar soruyu dogru veya yanls

cevapladiginizi belirtecek.

Matematik sorularimi DOGRU cevaplandirmaniz COK ONEMLI. Ayni zamanda

matematik sorularmi olabildigince ¢cabuk ¢6zmeye ¢alismalisiniz.

Herhangi bir sorunuz var mi?

Hazir oldugunuzda alistirmalara baslamak i¢in 'mouse’ ile tiklayarak
ilerleyebilirsiniz.
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>>>Math Practice<<<
Soruyu cozdugunuzde mouse ile bir sonraki ekrana ilerleyiniz.
>>>Session Instructions<<<

Simdi deneyin ilk iki asamasin1 ayn1 anda yapacaksiniz.

Bundan sonraki alistirmada yine matematik sorular1 goreceksiniz. Her bir
matematik sorusunu ¢oziip cevaplandirdiginizda ekranda bir kelime belirecek.

Bu kelimeyi hatirlamaya ¢aligin.

Bilgisayar, bir 6nceki asamada matematik sorularini cevaplarken sorulari
ortalama ne kadar siirede ¢ozdiigliniizli hesapladi. Eger bu boliimde sorular:
¢6zmek icin daha uzun zaman harcarsaniz, bilgisayar otomatik olarak sorunun
kelime kismina atlayacak (yani DOGRU/YANLIS kismini gececek) ve matematik

sorusunu ¢ozememis oldugunuzu kaydedecek.

Bu yiizden matematik sorularmi en DOGRU ve en HIZLI sekilde cevaplamaniz

¢ok 6nemli.

Kelime ekrandan silindikten sonra yine bir matematik sorusu belirecek.

Her asamanin sonunda bir hatirlama ekrani belirecek. Burada yine 'mouse'u
kullanarak gordiigiiniiz kelimeleri belirteceksiniz. Liitfen kelimeleri DOGRU sira

ile hatirlamaya galisin.

Matematik sorularin1 HIZLI ve DOGRU ¢ézmeniz ¢ok 6nemli. Matematik

sorusunun cevabini hesaplamadan bir sonraki ekrana ge¢meyiniz.

Bu kisimda matematik sorusunu DOGRU ¢oziip ¢ozmediginiz size

bildirilmeyecek.

Ama hatirlatma ekranmin sonunda kelimeleri DOGRU hatirlayip
hatirlamadiginiz ve o ana kadar ¢6zdiigiiniiz tiim matematik sorularindaki
DOGRU oranimiz belirtilecek.
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Herhangi bir sorunuz var mi1?

Geri bildirim olarak ekranin sag {ist kosesinde kirmizi bir say1 goreceksiniz. Bu

say1 tim matematik sorularindaki ortalama basarinizi belirtecek.

Bu say1y1 en az yiizde 85'de tutmaniz COK 6nemli.

Arastirmanin amaci igin basar1 diizeyi en az yiizde 85 olan verileri

kullanabiliyoruz.

Herhangi bir sorunuz var mi?

Mouse'a tiklayarak alistirma yapmaya baslayabilirsiniz

>>>Experimental Practice<<<

Kelimeleri gosterildigi sirada isaretleyiniz. BOSLUK tusunu unuttugunuz

kelimelerin yerlerini doldurmak i¢in kullaniniz.

Aligstirma asamasi sona erdi.

Asil deneyde az 6nce tamamladiginiz alistirmalar gibidir.

Oncelikle ¢oziilecek matematik problemini, ardindan hatirlamaniz gereken

kelimeyi goreceksiniz.

Daha sonra bir hatirlama ekrani belirecek. Burada yine 'mouse'u kullanarak
gordiigiiniiz kelimeleri sirastyla belirteceksiniz. Liitfen kelimeleri DOGRU sira ile
hatirlamaya ¢alisin. Eger bir kelimeyi unutursaniz, BOSLUK kutusunun iizerine
tiklayarak o kelimenin yerini belirtebilirsiniz.

96



Bazi boliimlerde daha fazla matematik problemi ve kelime olacak.

Matematik sorularii DOGRU cevaplandirmaniz ve kelimeleri DOGRU sira ile
hatirlamaniz COK ONEMLI.

Ayni zamanda matematik sorularini olabildigince ¢abuk ¢6zmeye calismalisiniz.

Liitfen matematik sorularinda basar1 diizeyinin en az yiizde 85 olmas: gerektigini

unutmayin.

Herhangi bir sorunuz var mi1?

Hazir oldugunuzda 'mouse’ ile tiklayarak deneye baslayabilirsiniz.

>>>Experimental Session<<<
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