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Abstract

The present study aimed to investigate the test-retest reliability of the working
memory span task: Operation span, Reading span and auditory digit span task in 50
participants. To assess the test- retest reliability of working memory within a day and
across days. The test was conducted five times wherein test 1(T1) and test 2 (T2) was
done within a day i.e., intra-session while test 3 (T3), test 4 (T4) and test 5 (T5) was
done across the days (inter-session) with a gap of at least two days among each testing
sessions. The forward and backward digit span tasks had range from acceptable to
good internal consistency while the operation and reading span task internal
consistency ranged from unacceptable to acceptable. Since the internal consistency
for auditory digit span ranged from acceptable to good can be further used for clinical

purpose.



Chapter I

Introduction

The term ‘working memory’ was initially devised in 1960 by Miller,
Galanter, and Pribram in the book ‘Plans and the Structure of Behaviour’; later
developed by (Atkinson & Shiffrin, 1968) publishing a paper and finally
(Baddeley & Hitch, 1974) implemented this as the title for a Multi-component
model. In layman'’s term, working memory can also be defined as a temporary
storage system that helps to store and manage the information to perform a
higher complex task such as thinking, reasoning and to improve intellectual

ability.

The psychophysiological construct of Working Memory (WM), as
described by Baddeley’s Multi-component model (Alan D Baddeley, 1992,
2000) postulates four main components — 'the central executive, the
phonological loop, the visuospatial sketchpad, and the (newly added) episodic
buffer." The most critical component, the Central Executive, controls the
overall allocation of attention to the task. The Phonological Loop and the
Visuo-Spatial Sketchpad components serve as temporary storage units for
speech-related and visual and spatial information. The Episodic Buffer acts as
a 'binding agent' for the often multimodal information from the working
memory systems different sources. The phonological loop element is where
the rehearsal of the phrases to be remembered is most important; according to
Baddeley's multi-component system (Baddeley, 1992, 2000a). The
phonological loop component comprises of two sub-components — the

phonological store and the articulatory rehearsal mechanism. The



phonological store is the time-limited part of the working memory system as it
is observed to undergo significant decays post the storage time of two seconds
(Henry, 2012). However, by using ‘articulatory’ or ‘verbal’ rehearsal
mechanisms before the decay time, the two-seconds of stored information re-
enters the phonological loop, and the memory trace is refreshed. Hence, the
overall ‘span’ of a listener’s memory is determined by the rate at which the
trace fades and the rehearsal rate within the span of fading. Typically, working
memory is measured by the use of 'working memory span tasks.' Some of the
most commonly used working memory span tasks are forward digit and
backward digit tasks, reading span, and operation span tasks. Among these
digit span (forward and backward) are considered as simple tasks. These tasks
primarily tap information storage and rehearsal. Whereas, operation and
reading span tasks not only require information storage and rehearsal as
"simple™ measures of Short Term Memory Capacity, such as digit span or
word span, but also on the simultaneous processing of additional information
(Daneman & Carpenter, 1980; Case et al. 1982; Turner & Engle, 1989). Such
working memory span tasks involves the introduction of target stimuli to be
remembered, such as numbers or phrases, with the presentation of a
challenging, secondary processing task, such as understanding phrases, or

checking equations.

1.1 Need for the study

The Smriti- Shravan (2014) is an indigenously developed software
package to assess the working memory span in Indian languages. It uses
adaptive procedures to measure digit span tasks. Reading span and operation

span tasks are measured as per the guidelines of Kane et al (2004). Itis



important to evaluate the reliability of working memory spans before they are
used clinically. Furthermore, working memory spans are also used to track the
effect of training regimes. In these context it is important to assess the
reliability of these measures. Therefore, the current study aims to assess the
reliability of four working memory spans: forward digit span, backward digit
span, reading span and operation span using indigenously developed Smirti-

Shravan software package.
1.2 Aim of the study

The aim of the present study is to find out reliability of working

memory span testing.

1.3  Objectives of the study
1. To assess the test- retest reliability of working memory within a day.

2. To assess the test- retest reliability of working memory across days.



Chapter 11

Review of Literature

Working memory is one of the most vital components that are used by
everyone in their daily life. It helps us to perform complex tasks such as
understanding a situation, reasoning for what could be done, and learning new

things.

Working memory is also that sort of memory that could store less
information, which could be easily assessable for a short duration. Originally
the term “Working memory” arose from the study of computers. This term
was referred to as the structure that was set up with their program to hold
information temporarily and to execute the procedure that included such as
solving geometric evidence (Newell & Simon, 1956). Similarly, the concept of
temporary storage in humans was given by Miller, Galanter, and Pribram
(1960) in their classic book ‘Plans and the Structure of Behavior’, which was
used in routine life like solving problems. Also on animals wherein the
animals had to hold information across several trials within the same (Olton,

1979).

The working memory was considered as the part of the mind which
followed three patterns. First, it operates for success in life; second, it
completes our goals and third complete our sub-goals. So, all these three are
useful to store information and to execute these planned actions. For example,
the goal of an individual is to achieve one's career, for that, they have a sub-

goal to get an academic degree, for that they have to go to class, before that



they have to get dressed so on, failing to perform these activities or forgetting

the information would lead to errors (Adams et al., 2018).

2.1 Modal model

This model is an influential model that was a turning point in the
evolution of theories of memory and threw a light on how data is processed in
separate memory types. Atkinson & Shiffrin (1968) developed this model, as
shown in figure 2.1 which included the concepts of the memory system, where
the components were divided into structural elements and processes that
control memory storage and, later, retrieve. The controlled memory process
involves the flow of information, storage, retrieval, and decision-making,
which also revolves around the concept of stores. These include three leading

stores: sensory store, short-term store, and long-term store.

The information enters the sensory store or sensory registers from the
environment. The sensory store is considered as inactive (i.e., subconscious)
as it is the first phase of memory. This sort of memory retains data from less
than a second to several seconds for a short period. The trace disappears very
fast while this sort of memory has a huge capacity. The information entering
the sensory store can be in three different modes: auditory (echoic) memory,
the information may last between two and three seconds, but after 300 to
500ms, the trace begins to decrease (Pisoni, 1975; Cowan, 1984). Visual
(iconic) memory when the stimulus is through visual form, this sort of
memory does not last more than half a second (not more than 300ms) (Marzi

etal., 1979). Similarly, if the data is tactile (haptic), this sort of memory is



short-lived (< 2s) and has a duration and decay similar to iconic visual

memory (Shih et al., 2009).

If the information is worth remembering, then it will be passed on to a
temporary short-term store (STS). Short- term store is also known as the main
or active memory. Generally, the information is stored for at least 15-18 sec
(Peterson & Peterson, 1959). The short- term store contains some control
process that is used in situations such as rehearsals where an individual has to
remember and rehearse phone number until it has been written, to remember
the number in the number plate of a vehicle which made and the act of hit-
and-run or to rehearse one-time password until it has been entered the
respective place and so on. Another component of the control process includes
coding; this is done to enhance the retrieval and to remember the content using
additional information; for example, to remember the spectrum'’s colors, we

use mnemonic VIBGYOR where starting word indicates the color.

Similarly, the mnemonic ‘My Very Educated Mother Just Served Us
Noodles," where the starting letter of each word represents the planet's names.
A few control processes also include making decisions, organizing, retrieval
strategies, and problem-solving techniques. The information from STS may
get decayed within 15 seconds (Atkinson & Shiffrin, 1968) if not rehearsed. If
rehearsed, the data gets transferred to the next store, i.e., long- term store

(LTS) here; the data almost stays permanently.



Figure 2.1

Represents the Working of Modal Model (Atkinson & Shiffrin, 1971)

ENVIRONMENTAL INPUT

|

SENSORY REGISTERS

CONTROL PROCESSES

I ! .
STS | |
REHEARSAL, |
TEMPORARY 1 CODING, i ’ RESPONSE
WORKING | ~ DECISIONS, | . © OUTPUT
MEMORY 1 RETRIEVAL |
: | I

STRATEGIES

- LTS
PERMANENT MEMORY STORE

The studies done by neuropsychological patients took the concept of
the two-component model. Individuals whose medial temporal lobe was
damaged had the grossly impaired capacity to learn new things while their
short-term memory tasks were not affected (Baddeley & Warrington, 1970;
Milner, 1966). Similarly, Shallice & Warrington (1970) studied working
memory on individuals with conduction aphasia. It was thought that they had a
specific deficit, which will affect short-term memory. However, there was a
contradictory statement stating that if short-term memory system functions
like working memory, those individuals should have problems with long-term

memory and other complex cognitive tasks, but these tasks were not affected.

This model represented the working memory as a single mechanism to

store the information temporarily. It included a few simple tasks in which a list



of words will be presented, and one has to repeat it in verbatim. The most
extended list that could be recalled and repeated correctly is the memory span.
This model also gave importance to the information between the stores, which
enriched the focus more on the short-term store. They distinguished the terms
of short-term storage in which one has to recall the list of items without
manipulating while working memory is defined when the information has to
manipulate the stored information. For example, in a grocery list, when one
has to remember and repeat back, that is called short-store storage. While the
same list has to be repeated in a different order such as fruits and vegetables
first, dairy products next and so on this would be considered as a test of

working memory (Adams et al., 2018).

Short-term memory can maintain a limited quantity of data in the order
of seconds. 7+2 components (Olichney & Hillert, 2004) (Miller, 1956) and
4 + 1, on average (Cowan, 2001), can be memorized in chunks, and it can be
used from the short term memory. Short-term memory should be differentiated
from working memory, referring to structures and procedures used to store and
manipulate data temporarily. Long-term memory, on the other hand, can retain

an unlimited quantity of data.

This model was criticized by Baddeley (1968). First, it was assumed
that the information from short-term memory would surely get transferred to
long-term memory, while the nature of the process was more crucial, more
profound, and elaborated (Craik & Lockhart, 1972). Second,
neuropsychological evidence showed that there was an inconsistency in the
availability of information to long-term memory from short- term stores as

individuals who had an absence of recency in the free recall should have had



deficits in the short-term store that would have impaired the long-term
memory also. However, this was not the situation. Third, the short-term store
is assumed to be working memory, which plays an essential role in patients
with significant mental deficits in cognition. Although, they had no problem
with that, i.e., they were able to perform their tasks, which they were working

earlier.

Similarly, the psychophysiological construct of working memory by
Baddeley & Hitch (1974) defined working memory as a multi-component
system to store information as it is not processed in a single process. Instead, it
is broken into multiple boxes for representation. Baddeley (1966), conducted a
test on recall of sequencing of five phonologically similar (man, mat, map,
can, cat) versus different words such as (pit, day, cow, pen, sup). The study
also included sequencing of semantically similar words (huge, big, wide,
large, and tall) versus dissimilar (wet, soft, old, late, good). The test resulted
by depicting a considerable effect of phonological similarity that is 80%
sequencing was correct for dissimilar words, meanwhile 10% for similar
words. The semantic similarity also showed small but significant scores, i.e.,
71% versus 65%. When the same demonstration was, and the pattern was
reversed when it was for long-term memory. Finally, it was concluded that
there are two storage systems; short-term memory for phonological and long-
term memory is semantically based. They also widely found based on studies
that verbal long-term memory and language understanding, the working

memory is not a single unitary store, instead of a three-component system.
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The components include verbal (phonological store), visual and spatial
information (visual-spatial store), and central controller processor (central

executive), where each represented the part of the memory system.

Figure 2.2

Represents the Model Working Memory Proposed in 1974

Central
Visun-spatial ERRCHEE Phonological
sketch pad loop
"‘-\.“_‘_‘-‘_‘_-—._._F._F._'_,.rf

The central executive, the most significant component. The
Phonological Loop, and the Visuo-Spatial Sketchpad components as shown in
figure 2.2, serve as temporary storage units for speech-related and visual and
spatial information. There was another component named ‘Episodic buffer’
(newly added), which acts as a ‘binding agent’ of the entire store for
multimodal information within the working memory system as shown in
figure 2.3. It holds the semantic information temporarily with the association
of different kinds of information ( Baddeley, 2000). Also, it helps to preserve
the central executive's information by paying attention to help control

cognition.
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Figure 2.3

Represents the Later Development of the Multi-Component Model

/ Central \
Executive /

/ - \
!Visuo—spatial 'Episodic irPhonological
‘ sketch-pad Buffer ‘ lOOp
- A . @ g A

! ' ;
serantics” = LM

<—» Language

The central executive, the most significant component, regulates the
general attention distribution and problem-solving mission ( Baddeley, 1998).
It coordinates between the subcomponents processes, i.e., it supervises &
coordinates the information retrieved from the two subsystems and further
helps - Reasoning, comprehension of language, transfer of information to

long-term memory through rehearsal, chunking and recovery.

The phonological loop element is where the rehearsal of the phrases to
be remembered is most important; according to Baddeley's multi-component
system (Baddeley, 1992, 2000). The phonological loop component is
comprised of two sub-components — the phonological store and the
articulatory rehearsal mechanism. The phonological store is the time-limited
part of the working memory system as it is observed to undergo significant
decays post the storage time of two seconds (Henry, 2012). However, by using

‘articulatory’ or ‘verbal’ rehearsal mechanisms before the decay time, the two-
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seconds of stored information re-enters the phonological loop, and the
memory trace is refreshed. Hence, the overall ‘span’ of a listener’s memory is
determined by the rate at which the trace fades and the rate of rehearsal within

the span of fading.

The auditory data is encoded, rehearsed, and retained. It involves
auditory data and vibrant observable phonetic indications from the speaker's
face, recorded in a phonological form (Gathercole et al., 2008). When there is
no sub-vocal rehearsal that enables the depiction of memory is declining. The
visuospatial sketchpad is defined as the retention of the visual or spatial

information over a short time.

Typically, working memory can be measured and assessed by the use
of 'working memory span tasks.' Those include auditory digit span tasks,
reading span, and operation span tasks. These tasks primarily tap information
storage and rehearsal. Whereas, operation and reading span tasks require not
only information storage and rehearsal (as do “simple” measures of Short-term
Memory Capacity, such as digit span or word span), but also the simultaneous
processing of additional information (Turner & Engle, 1989; Daneman &
Carpenter, 1980).Such working memory span tasks involves the introduction
of target stimuli to be remembered, such as numbers or phrases, with the
presentation of a challenging, secondary processing task, such as

understanding phrases, or checking equations.
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"Chapter 111

Method

Fifty adults in the age group of 18-35 (mean age = 21.22 years, SD =
3.151 years, Females = 25) years participated in the study. All the participants
were native speakers of Kannada and were able to read and write Kannada.
Before the commencement of the test, all the participants were provided with a
consent form. Through administering a structured interview, it was determined
that none of the participants had any complaint or history of otological
disorders, neurological disorders, noise exposure, ototoxicity, or ear infection.
The detailed audiological assessment was performed on all participants before

recruiting them for the study.

The audiological evaluation consisted of otoscopy, otoacoustic
emissions, pure-tone audiometry Tympanometry, and measurement of
ipsilateral and contralateral acoustic reflex thresholds. All these participants
had normal hearing sensitivity (less than 15 dB HL) at octave frequencies
between 250 Hz and 8000 Hz for air conduction and between 250 Hz and
4000 Hz for bone conduction. All participants had “A” Type tympanogram
with static compliance between 0.3 to 1.5cc and peak pressure between +60
and -100 daPa (Margolis & Heller, 1987)and normal ipsilateral as well as

contralateral acoustic reflexes at 500, 1000, 2000 and 4000 Hz frequencies.
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3.1 Test Environment

All audiological assessments were carried out in a sound-treated room
with ambient noise levels within the permissible limits as per ANSI (ANSI
B1. 1999). Working memory tests were carried out in a quiet room with

minimal audio-visual distractions.
3.2 Procedure
3.2.1 Working Memory Assessment

All the tasks for assessing working memory were conducted using
Smriti- Shravan 3.0 software (Kumar & Sandeep, 2013). The assessment

included reading span task, operation span task, and auditory digit span.

3.2.1.1 Reading Span Task. The participant’s ability to remember the
target stimuli, which interleaves with a secondary processing task, was
evaluated. The secondary processing task was to judge the semantic/pragmatic
correctness of a sentence Stimulus for the reading span task had been
developed following the guidelines(Kane et al., 2004). The test was
administered, which consisted a sentence to judge and a bi-syllable word to be
remembered (e.g./raksasara//pije//maduvudarinda//manasige//Santi//hagu/
/sukha//praptiyaguttade/ followed by bi-syllabic word / Kage/), the difficulty
level of the targeted words was randomized such that the numbers of elements

were unpredictable at the outset of an item as depicted in figure 3.1.

Guidelines recommended by (Conway et al., 1942) and(Kane et al.,
2004)were followed during the scoring. A score of 1 was assigned for every
word correctly recalled. At the end of each trial, the entire target words were

shown along with the non-target words. Here participants were supposed to
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recall and choose all the target words in order, which was depicted in each

trial in a correct sequence.

Figure 3.1

A Sample Representation of Stimuli in Reading Span Task

Sentence in Kannada
of 6-12 words Reading Span Task
True/False

Bi-syllabic
word in Kannada
(w1)

Sentence in Kannada
of 6-12 Words
True/False

Bi-syllabic word in
Kannada
(w2)

W1 | wa | ws

w3 | W2 | wo

W6 | ws | W7

3.2.1.2 Operation Span Task. In this task, the participant’s ability to
remember the target stimuli was assessed. The stimulus was presented using
the Smrithi Shravan 3.0 software, whichwas presented along with a secondary
task. Here the secondary task was a distracting stimulus that involves solving
an arithmetic problem, which was followed by a bi-syllabic Kannada target
word which was recalled (e.g., is (7-4)*4=12 ---- true or false? ---- /mara/).
The participant was instructed to solve the arithmetic problem and to judge
whether the arithmetic problem is true or false and then remember the target

word. Similarly, a series of arithmetic problems and target words difficulties
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were randomized such that the numbers of elements were unpredictable at the

outset of an item as depicted in figure 3.2.

Guidelines recommended by (Conway et al., 1942) were followed
during the scoring. A score of 1 was assigned for every word correctly
recalled. At the end of each trial, the entire target words were shown along
with the non-target words. Here the participant had to recall and choose all the
target words in an order which were depicted in each trial in a correct
sequence. The procedure and scoring were adapted from versions of the

operation span task by (Kane et al., 2004).
Figure 3.2

A Sample Representation of Stimuli in Operation Span Task

(4+45)-2=7 Operation Span Task
True/False
Bi-syllabic
Word in
Kannada
(W1)

(2%1)/2=1
True/False

Bi-syllabic
Word in
Kannada

(w2)

W1 | wa | ws

w3 |W2 | ywo

W6 | ws | w7

3.2.1.3 Auditory Digit Span Test. This is one of the tasks that assess
working memory through auditory sequencing of numbers and auditory digit

span. In this auditory digits were randomly presented, with an increasing level
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of difficultly. Each time the participant responds correctly, the length of the
digits is increased by 1. If the response is incorrect, the length of the digit was

shortened by one digit. An inter-stimulus interval of 1 second.

The auditory digit span is broadly categorized into a forward and
backward span. Here, the digits group was presented in random order with an
increasing number of difficulty, and participants are told to repeat the numbers
in the same for forwarding span and backward order for backward span by
typing the numbers. The stimuli consist of numerals from one to nine except
seven and two. In forwarding span test (e.g., if the test stimulus is 'three, two,
six, eight,’ the response expected was 'three, two, six, eight’) and in backward
span test (e.g. 'four, nine, six, two," the expected response was 'two, six, nine,
four"). Working memory capacity is calculated as the total number of digits
that the person can successfully recall in auditory number sequencing and digit

span tests.

The test was conducted five times to check test-retest reliability,
wherein test 1(T1) and test 2 (T2) was done within a day i.e., intra-session
while test 3 (T3), test 4 (T4), test 5 (T5) was done across the days with a gap

of at least two days among each testing sessions as in figure 3.3.

Figure 3.3

Sample Representing the Intra and Intersession Testing

INTRA- INTER-SESSION
SESSION

TEST1(T1) | TEST3(T3) TEST4(T4)  TEST5(5)
TEST2 (T2)
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3.3 Data Analysis and Statistical Analysis

Data were analyzed separately to assess intra-sessionand inter-session

reliability. For statistical analysis, the following parameters were considered:
1. Reliability coefficients

Cronbach’s alpha (reliability coefficient) was used to assess internal
consistency between intra-session and intersession, and intra-class correlation
coefficients (ICC) were also assessed to determine the reliability of some of
the working memory span tasks. In both tests a value of 1 suggested absolute

reliability.
2. Standard error of measurement (SEM)

The standard deviation of the measuring errors is known as SEM. The

measurement was made using the following equation:
SEM=SD*(V1—a)

Where SD is the standard deviation of the observed values a is the reliability
coefficient. SEM was used to calculate work memory span tasks at 95 %
confidence intervals. For each of the 1.96 SEM working memory scores the

confidence interval has been calculated.
3. Smallest detectable difference (SDD)

The smallest detectable difference is the minimum difference in the session's

mean scores. SDD=1.96 * SEM * v/2
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Chapter 1V

Results

The present study aimed to assess the test-retest reliability of some of
the working memory span tasks namely: Auditory digit span — Forward and
Backward; Operation span task and Reading span tasks done within a day and

across days.

4.1.1 Auditory Forward Digit Span Task

The intra-session reliability (Test 1 [T1] and Test 2 [T2], testing done
within a day) and inter-session reliability (Test 3 [T3], Test 4 [T4] and Test 5
[T5], testing was done across days with a gap of at least two days among each

testing sessions.

Figure 4.1 shows the mean along with one standard deviation for
forward span scores within session (Test 1 and Test 2) and across sessions
(Test 3, Test 4 and Test 5). Figure 4.2 and figure 4.3 indicate the forward span
obtained by individual participants within and across different sessions. From
the Figures 4.1-4.3 it can be inferred that forward span scores did not vary

much within and across sessions.
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Figure 4.1

Mean and Standard Deviation for Auditory Forward Digit Span Task within a
Day (Test 1 and 2) and across Days (T3, T4, and T5). Error Bars Indicate

One Standard Deviation.

Mean Forward Digit Span Scores

T1 T2 T3 T4 T5
= MEAN

Table 4.1

Reliability Measures for Auditory Forward Digit Span Task for Intra and

Inter-session.

T1 T2 T3 T4 T5
(Test 1) (Test 2) (Test 3) (Test 4) (Test 5)
Cronbach’ s 0.66 0.792
Alpha
Single 0.493 0.559
Measure ICC
SEM 0.55 0.514 0.367 0.422 0.495

SDD 1.535 1.434 1.024 1.178 1.381
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Table 4.1 showed Cronbach’s Alpha, ICC, SEMs, and SDDs of the
maximum level scores obtained for intra-session (within a day) and inter-
session (across days). Cronbach’s a of 0.66for intra-session showed
acceptable reliability. In contrast, for inter-session, the Cronbach’s aof 0.792
showed good reliability, ICC coefficients of 0.493for intra-session showed
poor reliability and 0.559for inter-sessions moderate reliability. SEM ranged

from 0.367 to 0.55, and SDD ranged from 1.024 to 1.535.

Figure 4.2

Auditory Forward Digit Span Scores within a Day (Test 1 and 2). Where X-

axis Represents Participants, Y-axis Represents Auditory Forward Digit Span
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Figure 4.3

Auditory Forward Span Scores by Individual Participants within and across

Sessions (Test 1,2,3,4 and 5)
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4.1.2. Auditory Backward Digit Span Task

Figure 4.4 shows the mean along with one standard deviation for
backward span scores within session (Test 1 and Test 2) and across sessions
(Test 3, Test 4 and Test 5). Figure 4.5 and 4.6 indicate the backward span
obtained by individual participants within and across different sessions. From
the Figures 4.4- 4.6 it can be inferred that forward span scores did not vary

much within and across sessions.
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Figure 4.4

Mean and Standard Deviation for Auditory Backward Digit Span Tasks for
Intra-session (Test 1 and 2) and Intersession (Test 3, 4, and 5). Error Bars

Indicate One Standard Deviation.
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Table 4.2

Reliability Measures for Auditory Backward Digit Span Tasks between Intra

and Inter-Session for Maximum Level Scores

Tl T2 T3 T4 T5
(Testl)  (Test2) (Test 3) (Test 4) (Test 5)
Cronbach’s 0.822 0.8
Alpha
Single 0.697 0.571
Measure ICC
SEM 0.527 0.485 0.485 0.444 0.503

SDD 1.456 1.34 1.34 1.227 1.39
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Table 4.2 showed Cronbach’s Alpha, ICC, SEMs, and SDDs of the
maximum level scores obtained for intra-session (within a day) and inter-
session (across days). Cronbach’s a of 0.822 for intra-session and 0.8for inter-
session showed good reliability. ICC coefficients of 0.697for intra-session
indicated moderate reliability, and 0.571for inter-sessions showed poor
reliability. SEM ranged from 0.444 to 0.527, and SDD ranged from1.227 to

1.456.

Figure 4.5

Auditory Backward Digit Span Scores for Intra-session (Test 1 and 2). Where
X-axis Represents Participants, Y-axis Represents Auditory Backward Digit

Span Scores
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Figure 4.6

Auditory Backward Digit Span Scores by Individual Participants within and

across Sessions (Test 1,2,3,4 and 5).
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4.1.3 Operation Span Task

The results obtained for operation span would indicate the number of

stimuli presented for each trial and their respective responses. Two scores

were taken into consideration, i.e., item score and accuracy score. The item

score was considered to be 1 is all the item has been repeated irrespective of

the sequence. If one item is also missed, the score will be 0. Similarly, the

accuracy score will be 1 if all the items are repeated in the preferred order, i.e.,

in the order in which the item has been presented. The score will be 0, even if

one of the items has been missed out. Based on the scores Partial Credit Scores

Weighted (PCSW) is calculated automatically Conway et al., (2005).

Figure 4.7 shows the mean along with one standard deviation obtained for

operation span task within session (Test 1 and Test 2) and across sessions
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(Test 3, Test 4 and Test 5). Figure 4.8 and figure 4.9 is the graphical
representation of the participants for partial credit score/ weighted scores
within and across the sessions. From figure 4.7 to 4.9 it can be inferred there

was no much variation across the sessions.
Figure 4.7

Mean and Standard Deviation for PCSW for Operation Span Tasks for Intra

and Intersessions

14
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0.4
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Operation span scores
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T1 T2 MEAN T3 T4 T5

Table 4.3

Reliability Measures for Operation span Task for Intra and Intersessions

T1 T2 T3 T4 T5
(Test 1) (Test 2) (Test 3) (Test 4) (Test 5)
Cronbach’s 0.644 0.463
Alpha
Single 0.174 0.223
Measure ICC
SEM 0.102 0.064 0.107 0.07 0.076

SDD 0.281 0.176 0.295 0.193 0.21




27

Table 4.3 showed Cronbach’s Alpha, ICC, SEMs, and SDDs of the
maximum level scores obtained for intra (within a day T1 and T2) and inter-
session (across days T3, T4 and T5). The Cronbach’s a of 0.644 for intra-
session showed acceptable reliability, and 0.463 for intersessions showed
unacceptable reliability across the testing, ICC coefficients 0f0.174 for intra-
sessions and 0.223 for inter-sessions showed poor reliability. SEM ranged

from 0.064 to 0.102, and SDD ranged from0.176 to 0.295.
Figure 4.8

PCSW scores for Operation Span Task within a day (Test 1 and 2). Where X-

Axis Represents Participants, Y- Axis Represents Operation Span Scores
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Figure 4.9

PCSW Scores across the Participants for Operation Span Task within and

across the Sessions (Test 1,2,3,4 and 5)
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4.1.4 Reading Span Task

The results obtained for reading span would indicate the number of
stimuli presented for each trial and their respective responses. Two scores
were taken into consideration, i.e., item score and accuracy score. The item
score was considered to be 1 is all the item has been repeated irrespective of
the sequence. If one item is also missed, the score will be 0. Similarly, the
accuracy score will be 1 if all the items are repeated in the preferred order, i.e.,
in the order in which the item has been presented. The score will be 0, even if
one of the items has been missed out. Based on the scores Partial Credit

Scores Weighted (PCSW) is calculated automatically Conway et al., (2005).

Figure 4.10 shows the mean along with one standard deviation

obtained for reading span task within session (Test 1 and Test 2) and across
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sessions (Test 3, Test 4 and Test 5). Figure 4.11and figure 4.12 is the graphical
representation of the participants for partial credit score/ weighted scores
within and across the sessions. From figure 4.10 to 4.12 it can be inferred

there was no much variation across the sessions.

Figure 4.10

Mean and Standard Deviation for PCSW for Reading Span Tasks between

Intra and Intersessions
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Table 4.4

Reliability Measures for Reading Tasks for Intra and Intersessions

T1 T2 T3 T4 T5
(Test 1) (Test2)  (Test3) (Test4) (Testb)

Cronbach’s 0.644 0.604
Alpha
Single Measure 0.475 0.337
ICC
SEM 0.085 0.08 0.086 0.11 0.088

SDD 0.234 0.221 0.237 0.303 0.243
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Table 4.4 showed Cronbach’s Alpha, ICC, SEMs, and SDDs of the
maximum level scores obtained for intra (within a day T1 and T2) and inter-
session (across days T3, T4 and T5). The Cronbach’s a of 0.644 for intra-
session and 0.604for intersessions indicated acceptable reliability across the
testing, ICC coefficients 0f0.475for intra- sessions and 0.337for inter-sessions
indicated poor reliability. SEM ranged from 0.08 to 0.11, and SDD ranged

from0.221 to 0.303.
Figure 4.11

PCSW Scores for Reading Span Task within a day (Test 1 and 2). Where X-

axis Represents Participants, Y- axis Represents Reading Span Scores.
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PCSW scores for reading span tasks across the participants for intra and

intersessions (Test 1,2,3,4 and 5).
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Chapter V

Discussion

The study's main aim was to find the test-retest reliability of the
working memory span tasks. The present study investigated the working
memory span tasks: Auditory digit span tasks — Forward and Backward;
Operation span task and Reading span task. The test-retest reliability was
assessed by conducting the study intra and inter-session, i.e., within a day and

across days.

5.1 Working memory measures

The working memory span results were obtained by conducting the
statistical analysis Cronbach's Alpha, Intraclass correlation, Standard error of

measurement, and smallest detectable difference.

5.1.1 Auditory Digit Span Task

The auditory digit span task included both forward and backward span.
The mean scores obtained for auditory forward digit span for intra-session and
inter-sessions had no much variation within and across the session.
Cronbach’s alpha also indicated an acceptable and good internal consistency
within and across sessions, respectively. The intraclass correlation coefficient
(ICC) indicated from poor to moderate reliability. Similar scores were also
found in auditory backward digit span tasks. While the Cronbach's alpha for
auditory backward digit span had good reliability, the ICC co-efficient had

moderate reliability.
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A study by Woods et al. (2011) assessed the improvement in forward
and backward digit span and reported significant improvement with test-retest
reliability of the digit span test. A study was conducted to assess the working
memory measures across different age and reliability of the test. Seven
different working memory span was measured, the backward digit span was
one among them. All of the tests conducted, including backward digit span,
had adequate internal consistency on the performance of task twice (Waters &

Caplan, 2003).

A study was conducted to evaluate the paced serial addition test
(PASAT) to assess the cognitive abilities with traumatic brain injury. The
working memory digit span test was used as one of the most important tests to
evaluate cognitive function. The study also founded that an individual whose
working memory was impaired showed a remarkable sign of aphasia. The
digit span test also had strong test reliability and established the same test for

clinical and research purposes (Nikravesh et al., 2017).

5.1.2 Operation and Reading Span Task

The partial credit score/ weighted was the score obtained for operation
and reading span task. The mean scores did not vary much within and across
the sessions. The Cronbach’s alpha for intra-session was acceptable and
unacceptable reliability for inter-session. ICC co-efficient measured had poor
reliability for both sessions, respectively. Whereas, for the reading span task
had acceptable reliability for both intra and inter-session. ICC co-efficient

measured for both the sessions had poor reliability.
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Unsworth et al. (2005) conducted a study on the operation span task
using the automatic version and inferred that it showed good reliability. Turner
and Engle (1989) also conducted (Turner & Engle, 1989)a similar task worked
on operation span and finally arrived at the results that the task was
moderately reliable. The explanation given about the reliability by the authors
were the difference in the task to be recalled, and the mode of responding to
the stimuli, i.e., (Unsworth et al., 2005) used letter and the participants had to
the respond by choosing the items from the given pool items scoring happened
automatically. While, (Turner & Engle, 1989) used words the participants had
to respond to the task by writing down the items that they have recalled, later
the experimenter had to evaluate it. So, it can be seen that for the individual
who had to write the response, and the individual who used the automated
version, the response rate was faster. So the test reliability was better for the
automated version of the operation span task. However, according to the
present study, through an automatic version used for testing, the reliability

scores obtained were poor.

A study by Klein et al.(1999) worked on the operation span task on
individuals three times with a gap of 3 weeks for the second session and gap
of 6- 7 weeks for the third session. It was inferred that the internal consistency
and reliability were high. The possible explanation would be that the
individual would have got much familiar with the testing, and the scores were
higher for the most prolonged interval. The same was not found in our study.
For further clarification, in the present study, the testing has to be done on a

larger population.
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A study by Compostela (2008) worked on the automated external
validation of the operation span task done for individuals and in groups (test
being administered for many individuals at once). It can be inferred from the
study that on comparing both groups, internal consistency for operation span
task conducted for individuals was high. In the present study, though the
testing was conducted individually, the internal consistency obtained was

poor.

Similarly, a study by Redick et al. (2012) which measured the working
memory capacity with automated Complex Span Tasks, included both
operation span task and reading span task. Both the working memory span

task had good internal consistency.
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Chapter VI

Summary and Conclusion

The present study aimed to assess the test-retest reliability of some of
the working memory span tasks, namely: Auditory digit span task — forward
and backward, operation span task and reading span task, which was
conducted five times to check test-retest reliability, wherein test 1(T1) and test
2 (T2) was done within a day, i.e., intra-session while test 3 (T3), test 4 (T4),
test 5 (T5) was done across the days with a gap of at least two days among
each testing sessions. Fifty adults in the age group of 18-35 (mean age = 21.22
years, SD = 3.151 years) years were taken to fulfil the study. All the
participants were native speakers of Kannada, were also able to read and write
Kannada. The data obtained were tabulated and analyzed with statistical
analysis using software packages for statistical analysis (SPSS, Version 21.0).
The statistical analysis, namely Cronbach's Alpha, intraclass correlation
coefficient, standard error of measurement, and smallest detectable difference,

were used.

On finding obtained from the results it indicated the auditory digit span
test had acceptable to good reliability for forward span and good reliability for
the backward span. Simultaneously, the reliable measures obtained for
operation span ranged from acceptable to unacceptable for intra and inter-
sessions, respectively, while reading span had acceptable reliability. On
keeping in thought, the auditory digit span task can be utilized to test the
clinical population. In contrast, further research needs to be done for operation

and reading span tasks to implement on the clinical purpose.
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