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ABSTRACT

Working memory, fluid intelligence, and expertise are all psychological concepts that have been
explored in the field. Working memory, defined by Baddeley (1986), is the temporary storage of
stimuli presented to a person. The relationship between working memory and fluid intelligence is
a common theme among studies. Fluid intelligence is one of the components of general
intelligence (g). Specifically, fluid intelligence can be described as being able to adapt thinking,
even with no previous knowledge (Jaeggi, Buschkuehl, Jonides, & Perrig, 2008). Expertise is
another critical factor in these studies and is the acquisition of knowledge and being able to apply
that knowledge (Chi, Glaser, & Rees, 1982). This thesis looks at the inter-relationships of those
concepts in Missouri State University psychology students. The researchers confirmed the
previously noted relationship between working memory and fluid intelligence (» = .50), but there
were no other significant correlations between the tasks. It was interesting that working memory
and fluid intelligence had similar correlations for the typing task (r = .23, » =.19), although not
significant. These effects disappeared after controlling for the data quality measures used in the
study (i.e., ways to show the participants put effort into the study). More research is needed to
confirm that the current measures of expertise, or different ones, are related to working memory
or fluid intelligence.

KEYWORDS: working memory, fluid intelligence, expertise, automated operation span,
advanced progressive matrices, typing task, correlations
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INTRODUCTION

There are many psychological studies looking at the relationship between working
memory and fluid intelligence (Conway, Cowan, Bunting, Therriault, & Minkoff, 2002; Shelton,
Elliott, Matthews, Hill, & Grouvier, 2010; Yuan, Steedle, Shavelson, Alonzo, & Oppezzo, 2006).
There are also many studies looking at working memory and expertise (Chase & Simon, 1973;
Chi, Feltovich, & Glaser, 1981; Chi, Glaser, & Rees, 1982). The gap in the literature is where
working memory, fluid intelligence, and expertise are all examined thoroughly together. For this
thesis, the relationship between working memory (as measured by the automated operation span
task; AOSPAN) and fluid intelligence (as measured by the Advanced Raven’s Progress
Matrices) studies should be replicated to confirm previous findings of a correlation between the
two constructs. In addition to this relationship, working memory and expertise (as measured by
language and typing fluency) correlations will be reported to examine if there is a relationship, as
previous research on chess and physics experts suggests (Chase & Simon, 1973; Chi et al.,
1981). Finally, the relationship between expertise and fluid intelligence will also be examined to
see if the gap in the literature can be filled. Understanding the interplay between these cognitive
systems is important because together they can demonstrate how the brain functions with
different subject matters (e.g., whether or not someone is an expert in their field; whether
someone can think abstractly) and circumstances (e.g., how someone would react or reason to a

situation when presented to them).



LITERATURE REVIEW

Working Memory

Working memory has been a large component to human cognition studies in the
literature. Baddeley (1986) describes working memory as the temporary storage of stimuli being
encoded. Working memory plays its biggest role as part of short-term memory (STM). STM,
defined by Baddeley (1986), is the ability to hold a small amount of information for a limited
time. STM works in an interacting system that serves higher level mental processes. These
higher level mental processes include reasoning, problem solving, and learning.

Baddeley and Hitch (1994) first proposed a working memory model in 1974. Their model
included the concept of a phonological loop, visuospatial sketchpad, and central executive. The
phonological loop (previously the articulatory loop) has two parts: phonological storage and
subvocal rehearsal. Phonological storage is when a person holds a sound memory trace until this
trace is then rehearsed by the subvocal rehearsal of the model by repeating the trace internally.
Baddeley and Hitch’s memory model additionally includes a visuospatial sketchpad, which is
primarily responsible for visual and spatial encoding. Visual encoding occurs when a person
receives an incoming image or stimuli, and recognition processes are triggered in the brain so the
person can respond appropriately. Baddeley and Hitch (1994) explain that the visuospatial
sketchpad is a type of work space for incoming information. The final piece of Baddeley and
Hitch’s model is the central executive. The central executive is responsible for controlling when
the phonological loop and visuospatial sketchpad are used, and how they interact with one

another (Baddeley, 2002). The central executive can be compared traffic to a control officer, as it



directs attention and resources to necessary tasks in the phonological loop and visuospatial

sketchpad.

Fluid Intelligence

Various concepts of memory assist each other in order to improve the effectiveness of
working memory. One construct is fluid intelligence (gF). Jaeggi, Buschkuehl, Jonides, and
Perrig (2008) classify gF" as a human ability that allows participants to adapt their thinking to the
problem at hand regardless of acquired knowledge. In addition, Gray, Chabris, and Braver
(2003) highlight that gF" is related to attentional control, or a person’s ability to disregard any
interference that could affect performance. Gray and colleagues (2003) also say that attentional
control is necessary for the abstract thinking needed for gF. Horn (1968) reports that Cattell
presented the idea of gF in 1941 at an APA convention. Since then it has grown common in the

behavioral sciences as a large portion of how general intelligence is measured.

Measuring Working Memory and Fluid Intelligence

Working memory has been tested in the field of psychology since Miller introduced the
“magic number” in 1956. The magic number is the concept of how many single items we can
hold in our memory. Miller (1956) suggested that we can hold seven items, plus or minus two (5
to 9). This research indicates why phone and social security numbers are grouped in smaller
chunks, as that may be easier to remember. Working memory has recently been measured by two
types of tasks outlined by Yuan and colleagues (2006), the two types are: simple memory-span

and dual-trail tasks.



Simple memory-span tasks measure short term memory by assessing a person’s ability to
recall a list of stimuli (e.g., words, numbers, or positions; Mathy, Chekaf, & Cowan, 2018).
Dual-trial tasks require that both processing and storage in the brain occur at the same time,
compared to one at a time in simple-memory tasks. Conway and colleagues (2005) identified that
the majority of working-memory measurements are considered dual-trail tasks because of their
complexity. More modern working-memory measurements are often called complex-span tasks,
because it is likely that more than two (i.e., dual) cognitive processes are occurring at the same
time (Schmiedek, Hildebrandt, Lovden, Wilhelm, & Lindenberger, 2009). This distinction
between simple-span tasks and dual-trial tasks occurs because of the two components required
for dual-trial tasks. For example, in a simple-span task, participants might be asked to repeat
back a list of letters, while in a dual-trial task they would need to remember the letters (storage
task) while also solving math problems (processing task).

One of the most used dual-trial tasks to measure working memory is the Operation Span
(OSPAN) created by Turner and Engle (1989). In the OSPAN, the participant is given a math
problem which they have to identify the solution as correct or incorrect (processing component)
with a word or letter being presented after they answer. For example, a participant might answer
“is 2 x 3 +4 =57 with FALSE, then be shown a letter or word after they say FALSE. The
participant is then supposed to recall (storage component) those words after a few trials. In the
original OSPAN task, a researcher sat with the participant and controlled the speed of the study
(i.e., hit the spacebar to move between trials) and recorded the answers for each participant.

The original OSPAN and the automated OSPAN (AOSPAN; Unsworth, Heitz, Schrock,
& Engle, 2005) are the same task, but the AOSPAN is available completely online, without

required researcher interaction to complete. This online presentation allows for less confounding



variables between the researcher and the participant. The AOSPAN also has a practice period
where the participant is presented with multiple math problems. After the math practice, they are
given a sample trial of math problem where they are told to remember a letter after answering
whether the math problem was true or false. After both practice portions are completed the
participant then begins the real study. The participant must maintain 85% accuracy for the math
operations in order for their data to be considered useful (i.e., good faith effort; Unsworth et al.,
2005). After the task is completed, the researcher is given the participant’s scores. The first is a
raw score of the correctly recalled letters or words for each set. The researcher is also given a
report on the participant’s math errors to account for accuracy.

Daneman and Carpenter’s (1980) Reading Span Task (RSPAN) is another example of a
complex working-memory measurement. The authors originally had two ways of testing reading
span. In the first part of the RSPAN, participants read sentences out loud to the experimenter.
After the participant finished a few sentences, they had to recall the last word in each sentence in
order. For the second part, Daneman and Carpenter (1980) had the participant read sentences that
were from general knowledge, politics, and other subjects; while still trying to remember the last
word. After reading the sentence, the participant had to identify if the statement was true or false.
The experimenters were interested in if the participant had recalled the words in order or not for
the reading span; however, the true/false verification increased the difficulty of the task, much
like the math problems in the OSPAN task. The participants are scored on the number of correct
words they recalled in the correct order. For example, the participant is supposed to recall the
words: tent, shoe, and bottle. If the participant recalled shoe and bottle, they would receive two

out of three points. It is important to note for this task that the order is crucial for scoring. For



instance, if the participant recalled the same words as above in this order: shoe, tent, bottle, that
participant would also receive two out of three points.

The N-Back task was created in the late 1950°s (Kirchner, 1958). The idea behind this
task was to measure short-term memory retention. It consists of different visual stages presented
to the participant (Gajewski, Hanisch, Falkenstein, Thones, & Wascher, 2018). After a stimulus
is presented, the participant is asked if it matches a stimulus that was presented 7 trails before it.
For example, if the stimulus was presented with letters, and this pattern was shown: A, B, D, A.
The participant would have to identify if the ‘A’ was presented three trials back. This would be
considered a 3-back task because of the number of stimuli in-between the two matching pieces.
The stimuli would keep being produced, and the participant would need to keep identifying if the
same stimuli was presented before. This process can be repeated with different difficulties,
starting with 1-back, the researcher would just increase the number of stimuli between the two
stimuli you would want the participant to match. The N-back is scored by the reaction times and
percentage correct correlated to those in the same age group as the participant. This task
challenges the participant because it requires encoding and updating of incoming stimuli while
irrelevant stimuli are being introduced (Gajewski et al., 2018).

The Raven Progressive Matrices (RPM) is a measure of gF. Raven (1936) initially
wanted to develop a test that would allow the researchers to interpret it without any social
barriers, as compared to the criticisms of other standardized intelligence tests. In 1988, by Raven,
Court, and Raven, it was updated and became the Raven’s Advanced Progressive Matrices
(APM; Bors & Stokes, 1998). The participant is presented with several images that represent a
complex pattern, and they must pick one of six or eight options that would complete the

sequence. The images in the matrix may be rotated, flipped, or change in size. The APM consists



of two sets compared to the original RPM which had five sets. Set one has 12 items and is
generally used as practice for the participant. Set two has 36 items that is more difficult than set
one. The participant is scored by how many of their answers were correct. These raw scores are
then compared to percentiles based on the participants age. Researchers can also choose to use a
time restriction, five minutes for set one or forty minutes for set two (Bors, & Stokes, 1998). The
time restrictions could be used as an assessment of intellectual efficiency, without the time
restrictions it can be used to evaluate clear thinking.

To evaluate the relations in these tasks, Conway and colleagues (2002), presented a latent
variable analysis between working memory, gF, STM, and processing speed. In their study, they
had participants complete multiple simple and dual-trial tasks including the OSPAN, RSPAN,
and APM. They found that working memory and gF’ were strongly correlated, and that working
memory and STM were strongly correlated, but gF was not linked to STM. The authors suggest
that since working memory is correlated with STM and gF' is not, that working memory and gF'

are different constructs that should be examined with distinct measurements.

Expertise

The last construct that may affect working memory or fluid intelligence is expertise. Chi
and colleagues (1982) describe expertise as having an abundance of knowledge and having skill
to apply that knowledge. The authors argue that having this knowledge and skill plays a large
part in intelligence as a whole. Because participants are able to recall their skill better and faster,
they are perceived as more intelligent. This effect has been demonstrated primarily with the

skillsets of chess (Chase & Simon, 1973) and physics (Chi et al., 1981).



In Chase and Simon’s (1973) study on chess and memory, they had three classes of
participants who played chess. From highest to lowest skillset they were: master, Class A player,
and beginner. The way the authors decided to study working memory was to isolate “chunks”
that would then be encoded by the participant. These chunks were created by having a chess
position set up having one of 28 variations. Chunks refer to Miller (1956) and his “magical
number” 7, in that chunks are information that is grouped together to ensure that memory can be
kept at a reasonable number of objects. During the memory task the players were asked to recall
different chess positions from memory (Chase & Simon, 1973). The experimental design
included two chess boards that were placed in front of the participant. These boards were
recreated two ways. The first position presented to the participants, were played games that were
arranged in the middle of a match and the second was from randomly placing the pieces on the
board. The participant was told to examine the preset board for five seconds and recall the as
much as they could remember on the full set board in front of them. The participant was able to
repeat memorizing and recalling the board layout until they recalled the original set perfectly. It
took those in the master class less trials than the Class A players and beginners to recreate the
middle of the match positions. Those in the “master” class could encode the preset chess boards
and recreate their model in less trials than the other two groups of participants, because they had
more expertise playing chess. This finding suggests that the expertise influenced the results
based on the position being a playable game or not.

Chi and colleagues (1981) looked at the same idea of expertise, but examined it with
those in the field of physics. For their categories of participants, they used Ph.D. students in the
physics department (experts) and undergraduates who had only completed one semester of a

physics course (novices). They were given 24 problems to group together by the how the



solution to the problem was to be found. All participants were interviewed after they separated
the problems to their respective categories to see how they reasoned why that problem fits with
the category they chose. They determined that the experts sorted by the laws of physics, and the
novices sorted by surface structures. These surface structures refer to objects, terms, or
configurations of the problem presented.

In the second part of the study, the experts and novices were presented a new set of 20
physic problems. This part of the study also included an intermediate participant who was a
fourth-year physics major. These problems were created to include both physic laws and surface
features combined to see how the participants would categorize them. The results were replicated
from the previous study by the expert and the novice participants. Yet, the intermediate
participant reasoned both by using the laws of physics and surface structures, showing that they
had applied the laws, but not yet left the surface structure. These studies by Chase and Simon
and Chi and colleagues, demonstrate that expertise is perceptually learned through practice and
understanding. They both demonstrate ideas of chunking (working memory) and previous

knowledge (intelligence) that can lead to expertise.

Interplay Between these Systems

Working memory, gF, and expertise each play a role in how we view the world around us
and evaluate everyday situations. Shelton and colleagues (2010) found that working memory was
a predictor for gF. The authors did so by looking at multiple working memory and gF tests and
seeing how they correlated with processing speed, primary and secondary memory, working
memory, and gF. After running a structural equation model (SEM), they found that processing

speed, primary and secondary memory, and working memory all correlated with gF. They



looked further into their SEM model to examine at how much of the variance in gF’ was
explained by working memory. The authors found that working memory had a unique variance
when it came to predicting gF' that none of the other constructs had. This supports that working
memory is primary component of gF.

Grabner, Neubauer, and Stern (2006) looked at the impact of intelligence and expertise
on performance and neural efficiency. The authors recruited chess players for their study. The
participants had to complete psychometric tests which included: the NEO-Five-Factor-Inventory,
state anxiety test, a mood questionnaire, and the Intelligenz-Struktur-Test 2000 R for cognitive
ability (Amthauer, R., 2001). These psychometric tests were used as a control for the EEG data
collected. The participants also had to complete a speed, memory, and reasoning task using
different types of chess boards and pieces on a computer while being monitored by an EEG. The
authors found that the more intelligent participants had better performance than less intelligent
participants in chess overall. However, those who were an expert at the task (chess in this study),
performed well despite lower measured intelligence in other circumstances.

The study outlined in this paper will look at how working memory, gF, and expertise
correlate with one another. There have been multiple studies published on the relationship
between working memory and expertise, but few on the relationship between gF and expertise.
The hypothesis in this study is that greater expertise (as measured by foreign language or in
typing), will correlate with higher working memory AOSPAN scores and higher fluid
intelligence APM scores. The researchers believe that those who have higher working memory
scores and higher gF scores, will then demonstrate greater expertise. This study will also look at
the relationship between working memory and gF' to confirm the positive relationship, as others

have identified (Conway et al., 2002; Shelton et al., 2010; Yuan et al., 2006). The multiple ways

10



these components interact is important because it shapes overall learning experiences and
everyday critical thinking. Expertise works alongside working memory and gF because it is
needed to be able to recall and think about new problems at hand that the expert is evaluating.
Without all three components it would be difficult for people to finish work efficiently, and by
looking at these three components together, the field of psychology may be able to achieve a
better understanding of how working memory, gF, and expertise interact. The purpose of the
present study is to examine the relationship among working memory, gF, and expertise as
measured by the AOSPAN, APM, and using a typing test or foreign language placement exam

on college students enrolled in an introductory or upper level psychology course.
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METHOD

Participants

This study received IRB approval (IRB-FY2018-750) September 5t, 2018. Participants
were recruited from the Introductory Psychology courses and an upper level Psychology course
at Missouri State University. There were two studies for the participants to choose from, an
Expertise Study and an Expertise Study with a Foreign Language requirement. If the participant
was either in the introductory course or the upper level course, they could participate in either
section. If any of the participants had taken two years of French, German, or Spanish in either
high school or college, they were eligible to participate in the Expertise Study with a Foreign
Language requirement, but they could select the non-foreign language option if desired. All
participants either received course credit or extra credit for their participation in this study. There
was a total of 48 participants in both studies. There were only six participants in the foreign
language section. Of those six participants, one had taken two years or more of French, one had

taken two years or more of German, and four had taken two Spanish.

Materials

Automated Operation Span (AOSPAN). The AOSPAN was accessed through a
Missouri State University domain. The AOSPAN consisted of three portions, two for practice:
one of the letter recalls, the second with math problems, and last the full AOSPAN problems.
The participant was prompted with the instructions explaining they will have to memorize letters
and solve simple math problems. During the practice letter recall, they were shown black bold

letters and told to remember the order in which they appear (Figure 1). For the math practice,
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they were given a math operation and told to identify whether the solution was true or false. For
example, “IS 2X3 + 4 = 10" would be indicated as TRUE (Figure 2). After the practice portions,
the participant then is prompted with the AOSPAN instructions where they were told after they
make their decision about whether the math operations answer is true or false, and that they must
try to remember the letter that follows. The participant is told that it is important for them to
answer the math operations quickly and accurately and must answer at least 85% of the problems
correctly. The percent correct was displayed on the screen. There are 75 math problem and letter
combinations, shown in sets of 2 to 7 problems with letter recall. To recall the letters,
participants clicked on letters in order after the last problem-letter set. Participants were scored
by the number of letters they correctly recalled, and scores can range from 0 to 75. Participants

who did not score 85% were not be used in the study.

Select the letters in the order presented. Use the blank button to fill in forgotten letters

F H J

K L N
P Q R
S T Y

blank

Figure 1. Letters of AOSPAN Presented to Participant: This screen demonstrates where the
participant would indicate the order of the presentation of the letters after the math problem has
been answered.

13



(1*2) + 1

When you have solved the math problem, click the mouse to
continue.

Figure 2. Math Operation of AOSPAN Presented to Participant: This screen shows an example
of the math operations presented to the participant.

Advanced Raven Progressive Matrices (APM). The APM was administered through a
Qualtrics survey for easier access. It consisted of three practice demonstrations. For example, in
Figure 3, the participant saw eight patterns that build on one another and then a blank box. They
were told to complete the pattern by choosing one the eight patterns below the image that best
fits the original pattern. Below that image is eight possible options that could complete the
pattern. Since this is a practice problem, the participant was told that numbers 4, 6, and 7 cannot
be correct because they only show one circle. The participant was also told that numbers 1, 3,
and 5 cannot be correct because they only show two circles. The last thing they were told is that
number 2 cannot be correct because it has too many circles. This leaves number 8 to be the
correct option. All 36 matrices reflect this type of abstract thinking. After the participant
completed the practice demonstrations, they started the APM. For the APM, it was required of

the participant that they answer the current question before moving onward to the next. The
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participants completed set two of the APM, containing 36 problems and they had 25 minutes to

complete it. Scores can range from 0 to 36.

©
© @[
DD
@O 10 ©)

Figure 3. Example of APM: This is the practice problem included in the instructions for the
APM.

Typing Task. The typing task is a words-per-minute typing task administered to all
participants. It is a demonstration of expertise for those who do not have any foreign language
experience. For this task, we used an online typing task (www.TypingTest.com). The participant
completed a 1-minute typing test from this website. There were multiple choices of typing tests
prompts to choose from, and the participants were instructed to choose the “Rules of Baseball”
option. The participants had one minute to type as quickly and accurately as possible. Figure 4
demonstrates the prompt participants had to type. The timer started as soon as the participant
began typing. The website keeps track of any typing errors the participant may have committed.
Figure 5 shows an example of the participant’s raw typing speed, errors, and adjusted speed.

Their typing speed is based on words per minute.
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Typing Speed Test

TIME LEFT
Baseball has been the national pastime in the

United States since the middle of the 1800s. Each = | 1:00 |
period has had a unique flavor, and it is
sometimes useful to read about a period from the TYPING SPEED

perspective of the time in which it took place. The 0 i
following comes from "Spalding's Baseball Guide wem |
and Official League Book for 1889," written in that ‘ 0
same year; the language has not been edited to =~ meupes vos
B B T B T N ERRORS
Click or tap here and start typing! @ Cancel

Figure 4. Prompt used for Typing Test: This figure is part of the prompt all participants had to
type verbatim.

Your Typing Test Results

Typing Speed Errors Adjusted Speed
WPM mistyped words WPM
322 chars Accuracy 2 errors
in 1:00 min. 96% deducted

Your Adjusted Typing Speed is | Fast

Slow Average Fluent| Fast -:
10 20 30 40 50 60 70 8 90
Average typist: 36 WPM @ @ "Average touch typist: 58 WPM

Figure 5. Example of Typing Test Results: This figure shows the participants typing speed,
errors, and adjusted speed.

Foreign Language Placement Exam. This task was to explore expertise in an additional

measure other than typing, which is often used in the literature (Beilock & Holt, 2007) for ease
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of measurement and access to more participants. Participants would sign up for the foreign
language portion if they desired. In addition to taking the typing task, the participants were also
required to take Missouri State University’s Foreign Language Placement Exam given to those
who wish to enroll in a foreign language course. The placement exam demonstrated proficiency
in French, German, or Spanish. The entire exam was computerized and evaluates grammar,
vocabulary, and reading comprehension in the above languages. For the reading comprehension
questions, the participant was given a prompt, in the foreign language they know, and had to
answer a question about it (Figure 6). After the exam was completed, they were given a score
that represents which section of that language they should take (i.e., 101, 102, 201, 202
representing the four-course sequence of foreign language requirement), and the point totals will
be used as our measure of expertise (Figure 7). These scores will be translated into z-scores to be

able to use a standardized metric for language expertise overall.

Read the selection and mark the letter of the best answer to the question.

POLITESSE OU INTELLIGENCE

Madame Bernard rend visite & son amie Madame Dubois. Son fils Charles I'accompagne.

Pour amuser l'enfant, Madame Dubois lui donne un jeu de cartes. Le petit gargon commence 4 jouer mais
garde les yeux fixés sur une boite de bonbons sur la table. Madame Dubois voit que Charles les regarde et
lui offre la boite. A sa grande surprise, le petit ne touche pas les bonbons. - Je sais que tu es un gargon
trés poli, dit Madame Dubois. C'est par politesse que tu ne prends pas les bonbons. Voila, je vais t'en
donner moi-méme.

Elle met la main dans la boite et prend beaucoup de bonbons. Le gargon laisse tomber les cartes et
accepte les chocolats avec plaisir. - Merci beaucoup, Madame, dit-il. mais ce n'est pas par politesse que je
ne prends pas les bonbons moi-méme. Ma main est trés petite, et votre main est beaucoup plus grande
que la mienne.

The candy ;
is given to Charles by his mother

is given to Mrs. Dubois by Mrs. Bernard
is given to Charles by Mrs. Dubois

isn't as good as the chocolates

Submit Answer

Figure 6. Example of a Foreign Language Placement Exam Question
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Points: 0

Placement:

lbelow 265 |[French 101 |
[265-333  |French 102 |
[334-380  [French 201 |
labove 380 |[French 202 |

Points: 0

Placement:

lbelow 327 ||German 101

327-407  |German 102

1408 - 531 |German 201

labove 531 |German 202

Points: 0

Placement:

lbelow 275 |[Spanish 101

275-345  |[Spanish 102

346 - 425 |Spanish 201

labove 425 ||Spanish 202

Figure 7. Point Breakdown of Placement Exam for Each Language: These images demonstrate
the amount of available points and the corresponding course the participant should take. In the
following order are the points and sections assigned to that range of points for: French, German,
and Spanish.

Procedure

Sessions were administered in groups of 1-24, dependent on how many participants had
signed up for each time slot. All tasks were given to each participant during a session in the same
order; however, the order was counterbalanced between sessions using a Latin square. Each
session lasted for roughly 60 minutes, unless the participant had signed up for the foreign
language session in which it took them approximately 90 minutes. The session with the foreign

language placement exam started in this order: AOSPAN, APM, typing task, placement exam.
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The next scheduled session performed the tasks in this order: placement exam, AOSPAN, APM,
typing task. The rest of the session followed different variations of these until all listed
combinations had been completed by the participants and the experimenter started over (Table 1
and Table 2). The session without the placement exam started in this order: APM, typing task,
AOSPAN. The next session that came in for this task performed them in this order: AOSPAN,
APM, typing task. This Latin square design was used until all combinations had been performed
by different groups of participants. By counterbalancing each group, we were able to balance

potential carry over or fatigue effects for each session and time slot.

Table 1. Latin Square Order of Tasks for Non-Foreign Language Portion: This table
demonstrates the order of tasks the participant completed in the non-foreign language section of
the study.

Non-Foreign Language Non-Foreign Language Non-Foreign Language
Session 1 Session 2 Session 3
Consent Form Consent Form Consent Form

APM AOSPAN Typing Test
Typing Test APM APM
AOSPAN Typing test AOSPAN

Table 2. Latin Square Order of Tasks for Foreign Language Portion: This table shows the order
of tasks completed by the participant in the foreign language section of the study.

Foreign Language Foreign Language Foreign Language Foreign Language
Session 1 Session 2 Session 3 Session 4
Consent Form Consent Form Consent Form Consent Form

AOSPAN Placement Exam Typing Test APM
APM AOSPAN Placement Exam Typing Test
Typing Test APM AOSPAN Placement Exam
Placement Exam Typing Test APM AOSPAN
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RESULTS

Descriptive Statistics

There were 35 participants who scored at least 85% on the math portion of the AOSPAN,
a measure to indicate data quality or effort. The mean score on the AOSPAN for those
participants was 51.97 (SD = 15.55) and the scores ranged from 10 to 75. The math accuracy of
the AOSPAN for these participants resulted in a mean of 93.06, (SD = 4.75). The typing test had
a mean of 46.68 (SD = 15.23), with a range of 13-85 words per minute (WPM). The APM had a
mean of 15.81, SD = 6.17, with the highest score of 26 and a lowest score of 3. There were six
participants who completed the foreign language placement exams. One participant completed
the French placement exam, one participant completed the German placement exam, and four
participants completed the Spanish placement. For the French placement exam the participant
scored 32 points. For the German placement exam the participant scored 238 points. Lastly, the
Spanish placement exam participants points scored are: 160, 152, 141, 851. All of these fell into
the range for placement in the introductory course for their second language, with the exception
of the Spanish placement exam participant who scored an 851 which placed them in range for the
fourth Spanish course in the sequence.

Descriptive statistics were also calculated on the entire set of participants who completed
the study (N = 48). The mean for the APM would have decreased to 14.25 (SD = 6.59). The
AOSPAN scores also decreased (M =48.09, SD = 16.71). As a result, the math accuracy also

decreased on the AOSPAN as a result of examining all participants (M = 87.09, SD = 13.31).
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Hypothesis Tests

Since there were only six participants who completed the foreign language placement
exam, the expertise hypotheses associated foreign language scores was not analyzed due to the
low sample size. Instead, the typing test for all participants was used as the measure of expertise.
Therefore, three correlations were calculated on the entire dataset of participants (N = 48). The
first was to confirm the relationship between the APM and the AOSPAN, » =.50. 95% CI [.24,
.70], p <.001, R?> = .25 (Figure 8). This finding confirms that gF" and working memory were
positively correlated, as shown in previous research (Conway et al., 2002; Shelton et al., 2010).
The second correlation analyzed was the typing test score and the APM score, and the correlation
was not significant, r = .19, 95% CI [-.11, .47], p = .21, R? = .04 (Figure 9). The final correlation

observed was the AOSPAN and the typing test scores, and this correlation was also not

significant, » = .23, 95% CI [-.08, .50], p = .15, R? = .05 (Figure 10).
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Figure 8. Scatterplot to Show Correlation for AOSPAN and APM: This scatterplot demonstrates
the correlation between the AOSPAN scores and the APM.
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Figure 9. Scatterplot to Show Correlation for Typing Test and APM: This scatterplot shows the
correlation between the typing test and the APM.
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Figure 10. Scatterplot to Show Correlation for Typing Test and AOSPAN: This scatterplot shows
the correlation between the typing test and the AOSPAN.

Since over a quarter of the sample did not perform the math portion to the recommended
85%, we performed regression models using the math score as a covariate to determine the
relation (pr) between variables controlling for math performance on the complete set of
participants. The first regression model was the APM predicted by the AOSPAN’s letter recall
score and math accuracy, F(2, 40) =7.99, p =< .001, R?=.29. The partial correlation of

AOSPAN and APM was .39. The second regression model was the typing score predicted by the
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AOSPAN’s letter recall and math accuracy, F(2, 38) = 1.31, p = .27, R’ = .07. The partial
correlation of the typing test and AOSPAN letter recall and math accuracy was .15. Since the
APM scales did not depend on math accuracy, no regression was necessary to determine a partial
relationship between APM and the typing test.

Given the potential low effort from participants who did not complete the AOSPAN with
85% accuracy, we also examined the correlation between our three variables for the smaller
subset of participants (N = 35). The correlation between the APM and the AOSPAN was
significant, » = .46, 95% CI [.14, .70], p = .006, R’ = .21. The correlation between the typing test
and APM was not significant, » = .08, 95% CI [-.28, .42], p = .67, R> = .006. The final
correlation between the AOSPAN and the typing test was also not significant, » = .12, 95% CI [-
23, .46], p= .48, R’ = 01.

The original power analysis was based on an a priori correlation with two tails. We
hoped for an effect size of .30 (+*=.09), at 80% power, and alpha = .05. Using G*Power (Faul,
et al., 2007), this analysis yielded a sample size of 82 participants. However, when a power
analysis was examined a posteriori, controlling for our average correlations for the typing test
and the APM (r = .19) and the AOSPAN and typing test ( = .23), approximately 145
participants were needed to detect a significant relationship between these correlations at alpha <

.05.
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DISCUSSION

Expertise and working memory studies have been performed focusing on various
psychological research topics. Very few studies, however, include gF and its relationship to
expertise. This study was designed to compare expertise and working memory again, and then
see how expertise and fluid intelligence are related. The original hypothesis was that those who
have a higher expertise in foreign language or in the typing task will have a higher working
memory AOSPAN scores and higher fluid intelligence APM scores.

First, we replicated the correlation between working memory and fluid intelligence
showing » = .50, pr =.39 controlling for math scores. This demonstrates that the relationship is
positive and strong, while controlling for math accuracy. Next, we extended these correlations to
expertise. The correlation for the APM and typing test was » = .19, and the correlation for the
AOSPAN and the typing test was » = .23, with a of pr = .15. These results do not indicate
support for our hypothesis that expertise and working memory or fluid intelligence are
significantly related; however, the limitation of small sample size should be considered. Our
sample size was not as large as it needed to be to have sufficient usable data for all parts of the
experiment. For example, only six participants completed the foreign language as an expertise
part of our study, mostly scoring into the introductory course for their language. More variability
and scores would be necessary to fully examine this variable.

An additional reason for these low correlations between the APM, AOSPAN, and typing
as an expertise could be because typing does not demonstrate having an abundance of knowledge
but does apply to using a skill (Chi, Glaser, & Rees, 1982). If a different form of expertise could

be used instead of typing, such as those used in previous studies (e.g., chess or physics), these
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correlations could have been stronger or significant. Future studies could this experiment with a
larger sample size and a different form of expertise (secondary language, chess, or physics). The
original correlations in this study showed a relationship between the AOSPAN and APM (r =
.50). The typing test did not correlate with the APM (r =.19) or the AOSPAN (» = .23). Working
memory and gF were not completely correlated, which indicates the divergent nature of their
constructs. Given their differences, it is interesting that their correlations with the typing task
were almost the same and not very strong. The lack of correlation between expertise in this study
with working memory and gf may be related to the measurement of expertise through typing.
Perhaps using a different form of expertise that focuses on knowledge and application, instead of

just typing, we could have used a more precise form of expertise.

Conclusion

Other researchers may find that expertise is related to different areas of memory; for
example, in short-term or long-term memory. They may also find expertise relates to different
areas of intelligence besides fluid intelligence, such as crystalized intelligence or general
knowledge. Previously stated by Grabner, Neubauer, and Stern (2006), those who were more
intelligent (using the Intelligenz-Struktur-Test 2000 R; Amthauer, R., 2001) performed better
than those who had less intelligence, with the exception of those who were experts at the task
(chess).

In this study, the only significant finding was additional support that working memory
and gF are positively correlated. However, there may be others who find this research helpful in
their work, as null results can be informative or else we start to create a file drawer problem. The

file drawer problem (Rosenthal, 1979), where the papers in behavioral sciences that did not have
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significant results (p > .05) were not getting published. In turn, this caused those papers with
Type I errors to get published even with irrelevant effect-size estimations. This correlational
study demonstrates that more research needs to be established with expertise and could be

helpful to those researchers examining these constructs.
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Initial Submission

1. General Information

1A

1B.

1C.

What is the full title of the research protocol?

Expertise within Working Memory and Fluid Intelligence

Abstract/Summary

Please provide a brief description of the project (no more than a few sentences).
Expertise and working memory studies have been done on various subjects. Very few studies
include fluid intelligence and how it is related to expertise. | wish to compare expertise and working
memory again, and then see how expertise and fluid intelligence are related.

Who is the Principal Investigator?

This MUST be a faculty or staff member.

Name: Erin Buchanan

Organization: Psychology

Address: 901 S National Ave , Springfield, MO 65897-0027
Phone: 417-836-5592

Email: erinbuchanan@missouristate.edu

Who is the primary study contact?
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1D.

1E-

1F.

This person may be the Principal Investigator or someone else (faculty, staff, or
student). This person, in addition to the PI, will be included on all correspondence
related to this project.

Name: Addie Wikowsky

Organization: Psychology

Address: 901, S. National Avenue , Springfield, MO 65897-0027

Phone:

Email: addie623@live.missouristate.edu

Select the Co-Principal Investigator(s).

This MUST be a faculty or staff member. Persons listed as Co-Pls will be required to
certify the protocol (in addition to the PI). This person will also be included on all
correspondence related to this project.

Select the Investigator(s).

An investigator may be faculty, staff, or student.

If you could not locate personnel using the "Find People" button, please request access at
Cayuse Logon Request

For additional help, email irb@missouristate.edu.
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2. Research Protocol

Describe the proposed project in a manner that allows the IRB to gain a sense of the
project including:

the research questions and objectives,

key background literature (supportive and contradictory) with references, and
the manner in which the proposed project will improve the understanding of the
chosen topic.

-Those who have a higher expertise will have a higher working memory OSPAN scores and higher
fluid intelligence Raven scores.
-By having participants who have some kind of expertise in a language can help us understand if
they have a higher fluid intelligence and working memory than those in the control condition.
-The (OSPAN) created by Turner and Engle (1989). It was designed to test participants working
memory. For clarification, working memory can be defined as: the processes involved in examining,
2A. considering, manipulating, and responding to internal and external events (Robinson-Riegler, G., &
Robinson-Riegler, B., 2004). Jaeggi, S., Buschkuehl, M., Jonides, J., & Perrig, W., (2008) classify
fluid intelligence (Gf) as a human ability that allows participants to adapt their thinking to the problem
at hand regardless of acquired knowledge. A common practice when it comes to testing Gfis using
the Raven’'s Advanced Progressive Matrices (RAPM). This is where participants are given a number
of different diagrams with different lines and shapes and they have to distinguish which image would
come next. The last construct that may affect your working memory or fluid intelligence is expertise.
Gobet, F. and Ereku, M. (2016), spoke of Dreyfus and Dreyfus (1988) paper where they categorized
expertise as, “fluid, automatic behavior without any conscious control,” which is how anyone should
think of it. Although there is not a good overall way to test if someone has expertise, most articles
just use a median split to separate participants into a novice group, or an expert group (Sattizahn,
J.R., Moser, J.S., & Beilock, S.L., 2016). This may not be the best way to show or categorize a
person’s expertise, but it is the best we have currently available and that has been used in research.
With these three constructs combined, they could help shape how things may get stored in our
short-term or long-term memory. They each play an important part in how we view the world around
us and evaluate everyday situations.

2B. Check all research activities that apply:

Audio, video, digital, or image recordings
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Biohazards (e.g., rDNA, infectious agents, select agents, toxins)
Biological sampling (other than blood)

Blood drawing

Class Protocol (or Program or Umbrella Protocol)
Data, not publicly available

Data, publicly available

Deception

Devices

Diet, exercise, or sleep modifications

Drugs or biologics

Focus groups

Internet or email data collection

Materials that may be considered sensitive, offensive, threatening, or degrading
Non-invasive medical procedures

Observation of participants

Oral history

Placebo

Record review

Specimen research

Surgical procedures

Surveys, questionnaires, or interviews (one-on-one)
Surveys, questionnaires, or interviews (group)

Other
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2C.

2D.

Describe the procedures and methods planned for carrying out the study. Make sure to
include the following:

site selection,

® the procedures used to gain permission to carry out research at the selected
site(s),

® data collection procedures,
and an overview of the manner in which data will be analyzed.

Provide all information necessary for the IRB to be clear about all of the contact human
participants will have with the project.

The students who signed up on SONA will come into the lab and complete a concent form. They will
then get instructions on which tasks they will be performing. The experimental group will complete
the OSPAN, RAVEN and the foreign language placement exam. The control group will complete the
OSPAN, RAVEN, and a words per minute test. Every other student who comes into the lab will
complete the tests in a different order to control for randomization. After all tests are complete, the
debriefing will begin.

Materials for experiment and analysis:

Online OSPAN (use P1 to view)

Online RAVEN (use any number as participant number)

Online words per minute test (WPM)

MSU's Foreign Language Placement Exam (password bears1)
Data will be examined using R Studio and packages included in R.

Attach surveys, questionnaires, and other social-behavioral measurement tools, if
applicable.

OSPAN
Ravens

Typing Test

Placement Exam
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3A.  Specify the participant population(s). Check all that apply.

v Adults
Children (<18 years)
Adults with decisional impairment
Non-English speaking

v Student research pools (e.g. psychology)
Specify:

PSY 121

Pregnant women or fetuses
Prisoners

Unknown (e.g., secondary use of data/specimens, non-targeted surveys, program/class/umbrella
protocols)

3B Specify the age(s) of the individuals who may participate in the research.

18+

Describe the characteristics of the proposed participants, and explain how the nature of
3C the research requires/justifies their inclusion.

Participants will be undergraduate students from PSY 121, some will have some sort of expertise in
a language other than English, the remainder will be our control group.
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3D.

3F.

3G.

3H.

Provide the total number of participants (or number of participant records, specimens,
etc.) for whom you are seeking Missouri State IRB approval.

100 participants

Estimate the time required from each participant, including individual interactions, total
time commitment, and long-term follow-up, if any.

Control Group: One time approx. hour to have the participant take the WPM test, OSPAN and
RAVEN

Experimental Group: One time approx. hour to have the participant take the placement exam,
OSPAN, and RAVEN

No long-term follow-up.

Describe how potential participants will be identified (e.g., advertising, individuals known
to investigator, record review, etc.). Explain how investigator(s) will gain access to this
population, as applicable.

We intend to use PSY 121 students so that they may complete their course credit, through MSU's
SONA system.

Describe the recruitment process; including the setting in which recruitment will take
place. Provide copies of proposed recruitment materials (e.g., ads, flyers, website
postings, recruitment letters, and oral/written scripts).

MSU's SONA system to have students sign up for a time slot.
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3H.1.  Attach recruitment materials, if applicable.

Will participants receive compensation or other incentives (e.qg., free services, cash
3l payments, gift certificates, parking, classroom credit, travel reimbursement, etc.) to
participate in the research study?

J Yes
Describe the incentive, including the amount and timing of all payments.

It will go towards their course credit for PSY 121.

No
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4. Informed Consent

From the list below, indicate how consent will be obtained for this study.
4A.

Check all that apply.

" Written/signed consent by the subject
Written/signed consent (permission) for a minor by a Parent or Legal Guardian

Written/signed consent by a Legally Authorized Representative (for adults incapable of
consenting).

Request for Waiver of Documentation of Consent (e.g. Verbal Consent, Anonymous Surveys,
etc.)

Waiver of parental permission

Consent will not be obtained from subjects (Waiver of Consent)

Describe the consent process including where and by whom the subjects will be

approached, the plans to ensure the privacy of the subjects and the measures to ensure

that subjects understand the nature of the study, its procedures, risks and benefits and
4B.  that they freely grant their consent.

The research will take place at Hill Hall in our lab. Once the subject arrives for their time slot, they
will have to sign a consent form with the proper information regarding the study via a Qualtrics
Survey.

Attach all copies of informed consent documents (written or verbal) that will be
4B.1.  used for this study.

Consent Form.docSample documents: Informed Consent Examples

Attach all copies of assent documents that will be used for this study, if
4B.2.  applicable.

Sample documents: Assent Examples
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5. Risks and Benefits

5A.

5B.

5C.

5D.

Describe all reasonably expected risks, harms, and/or discomforts that may apply to the
research. Discuss severity and likelihood of occurrence.

Consider the range of risks - physical, psychological, social, legal, and economic.
No expected risks except possible fatigue from answering questions, although we expect this to not
take longer than a normal in class test.

Describe the steps that will be taken to minimize risks and the likelihood of harm.

Participants will be allowed to take breaks between tests.

List the potential benefits that participants may expect as a result of this research study.
State if there are no direct benefits to individual participants.

No expected benefits directly to participants.

Describe any potential indirect benefits to future subjects, science, and society.

By understanding, if there is a link between expertise and your working memory and fluid
intelligence, we as a field can provide further research to see how expertise works with other brain
functions to optimize learning and knowledge.
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SE.

Discuss how risks to participants are reasonable when compared to the anticipated
benefits to participants (if any) and the importance of the knowledge that may
reasonably be expected to result.

Given the small risks, the benefits outweigh those risks.
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6. Data Collection

Missouri State University is committed to keeping data and information secure. Please

review the Missouri State Information Security policies. Discuss your project with the MSU
Information Security Office or your College's IT support staff if you have questions about how
to handle your data appropriately.

Statement of Principal Investigator Responsibility for Data
The principal investigator of this study is responsible for the storage, oversight, and
disposal of all data associated with this study. Data will not be disseminated without the

explicit approval of the principal investigator, and identifying information associated with
the data will not be shared.
By checking this box, all personnel associated with this study understand and agree to the
Statement of Principal Investigator Responsibility for Data.
How will the data for this study be collect/stored?
6B.

Check all that apply.

v Electronic storage format

On paper

Describe where the data will be stored (e.g., paper forms, flash drives or removeable
media, desktop or laptop computer, server, research storage area network, external
source).
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6C.

6D.

6E.

The data will be stored on a password protected OneDrive account during the study. The data will be
shared on the open science framework website with the submission of any publications.

M Number information will be used to collect the foreign language assessment information to link to
the rest of the data. After this information is linked to the dataset, the Mnumbers will be deleted.
Otherwise, all participants are given a unique participant id, and no other identifying information will
be collected.

Describe the plan to protect the confidentiality of records (e.g., locked office, locked file
cabinet, password-protected computer or files, encrypted data files, database limited to
coded data, master list stored in separate location).

Password protected files on a onedrive account.

Describe how data will be disposed of and when disposal will occur.

Data will be shared on the open science framework after the data collection is done for
dissemination to the larger research community. The data will not be disposed of. the consent form
qualtrics will be deleted after a minimum of 5 years, to cover requirements from the American
Psychological Association.

44



Is this study externally funded?

TA.

For example, this research is funded by a source outside Missouri State; a federal
agency, non-profit organization, etc.

Yes
v No

Potentially (this study is being submitted for funding, but has not yet been awarded)

Is this study internally funded?

7B.

For example, this research is funded by a source inside Missouri State; departmental
funds, the Graduate College, efc.

Yes
v No

Potentially (this study is being submitted for funding, but has not yet been awarded)
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8. HIPAA

Does your study contain protected health information (PHI)?

8A.
PHI is any information in a medical record or designated record set that can be used to
identify an individual and that was created, used, or disclosed in the course of providing
a a health care service, such as a diagnosis or treatment.

Yes

v No
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9. Supporting Documentation

9A.

9B.

9C.

9D.

Human Subjects Training Certificates

Attach human subjects training certificates for all listed personnel. To access your
training documents, please go to CIT| Training.

buchanan msu citi.pdf

citi addie.pdf

HIPAA Training Certificates

Attach HIPAA training certificates for all listed personnel, if applicable. To get more
information about HIPAA training and/or to access your training documents, please go
to HIPAA Information for Researchers.

Informed Consent Documents

Attach all copies of informed consent documents (written or verbal) that will be used for

this study.
Consent Form.docSample documents: Informed Consent Examples

Assent Documents

Attach all copies of assent documents (written or verbal) that will be used for this study.
Sample documents: Assent Examples
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9E.

9F.

9G.

Recruitment Tools

Atftach copies of proposed recruitment tools.

Surveys/Questionnaires/Other Social-Behavioral Measurement Tools

Attach surveys, questionnaires, and other social-behavioral measurement tools.
OSPAN
Ravens

Typing Test
Placement Exam

Other Documents

Attach any other documents that have not been specified in previous questions, but are
needed for IRB review.
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10. Additional Information

10A. Would you like to add additional information?

Yes
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Modification Submission

Modification Summary

Please make changes to the original protocol sections below. In addition, provide a
summary of the changes by completing the questions on this page.

To which of the following aspects of research does this modification request apply?
A.

Check all that apply.

Change in personnel
Research design
Risks to participants or others in relation to anticipated benefits
v Participant selection or recruitment process
Consent process and/or compensation
Methods for documenting consent
Change in supporting documentation or attachments
Potential willingness of research participants to continue to take part in this study
Monitoring of the data being collected
Privacy of the research participants and/or confidentiality of research participants' data

Other

Please provide a brief rationale for each of the changes being requested.
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In order to help reach our desired sample size, we will recruit additional students through professor's
courses who are willing to offer extra credit for their participation.
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Closure Submission

CLOSURE

If the answer to any of the following questions is "NO," the study must remain open. Please
submit a renewal or modification request, if applicable.

For intervention/interaction studies, have all human subjects research activities ended?

For example - all enrolled subjects have completed the research
interaction/intervention, no identifiable data or identified specimens are being collected,
the data has been "locked,"” and any data analysis or manuscript preparation has been
completed.
v Yes

No

Not applicable

Has all identifiable data for the research collected solely from existing records been
coded, de-identified, and the code "link" been destroyed?

NOTE: Data analysis or manuscript preparation may continue with the de-identified data
only if the data cannot be linked back to individual research subjects.

v Yes
No

Not applicable
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3.

Has the sponsor of the study approved study closure with Missouri State University?

Yes
No

v" Not applicable

Was the study conducted in accordance with all applicable federal, state, and local
regulations and policies regarding the protection of human subjects in research?

v Yes
No

Not applicable

Will study records be retained for a minimum of 3 years, or longer based on the
contract, federal, or sponsor requirements?

v Yes
MNo

Not applicable

Have all findings that could have a potentially negative impact on participant safety
been reported to the IRB?
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For example - serious adverse events, unanticipated problems, complaints, audit
findings, efc.

Yes
No

v Not applicable

| understand my responsibility to maintain the confidentiality of the data and/or

iz :
specimens.
v Yes
No
Not applicable
8 | understand | must obtain IRB approval before accessing data or stored specimens for
' future research.
v Yes
No
Not applicable
9. If needed, please provide any additional comments regarding this closure request.
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