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[bookmark: _Toc123672024]Abstract
Memory is the process of taking in information from the world around us, processing and encoding it, storing, and then later retrieving it (Zlotnik & Vansintjan, 2019). The focus of this study is to test the memory recall effect through a list of 14 words to see how many the participants remember. To better understand why certain words on a list are more easily recalled words were chosen for their similarities in concreteness and word length. Theories which are used to aid this study are the multistore model of memory theory, levels of processing effect, and the magical number 7. These theories help to explore what memory is used for the serial position effect and how it effects the primacy-recency effect. The findings complement other studies in that similar results were found with a primacy-recency curve effect. This study could be improved by multiple lists of words used to test different lengths and concreteness. 
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[bookmark: _Toc123672025]Introduction
Memory is a complex process involving structures which store and retrieve information. Human brains are unable to withhold information in its raw form so instead encodes it in three main ways: visual, acoustic, and semantic (McLeod, 2013). Visual refers to images and visual sensory information, acoustic is anything to do with auditory impulses and semantic is a sensory input that has a particular meaning that can be applied to a context.  Once the memory is encoded it can then be stored and retrieved in either short-term memory (STM) or long-term memory (LTM).  LTM is thought to be unlimited whereas STM can store between 5 and 9 items (Miller, 1956). LTM can last a lifetime, but STM can only be stored for a brief duration of usually 0-30seconds (Cowan, 2009). 
[bookmark: _Toc123672026]Serial position effect
The serial position effect defines in what way our memory is affected by how the information is positioned in a sequence and impacts how memory is recalled. It suggests that we remember the first and last items in a series and find it more difficult to remember middle items (Murdock, 1962). This is down to the first few items being store in LTM and the last few in STM. The serial position effect is caused by two other memory recall biases called the primacy effect and the recency effect. 
[bookmark: _Toc123672027]Primacy- recency effects
The primacy and recency effects are connected in that they explain the opposites of the serial position effect. The primacy effect is the tendency for individuals to show enhanced memory for items presented at the beginning of a list compared to the middle. The recency effect is how items at the end of a list are remembered more clearly than those in the middle. When you think of the primacy and recency effects in tandem, what you will see a u-shaped curve, and this is known as the serial position curve (Cuncic, 2022). 
[bookmark: _Toc123672028]Multistore model of memory theory (modal model)
This theory devised by Richard Atkinson and Richard Shiffrin is a structural model in which they proposed memory consisted of three stores: a sensory register, STM, and LTM. They suggested that memory passes from one stage to the next the more we rehearse it in our minds but can fade if we do not pay enough attention to it (Atkinson & Shiffrin, 1971). The sensory register is where information enters the memory from our senses but because it is a huge amount of data, we only remember a small mount. Rehearsal of this information leads it to be promoted to STM where it can be held for hours or days, but this is limited in its capacity. Therefore, further rehearsal of this information leads it to then be stored in LTM which can survive for years, decades or even a lifetime. 
[bookmark: _Toc123672029]Levels of processing effect
Fergus Craik and Robert Lockhart were critical of the explanation for memory provided by the multi-store model, so proposed an alternative explanation through levels of processing effect. They suggested that memories do not reside in three stores and instead it is the strength of a memory from the quality of processing of a stimulus that determines how long the memory will last (McLeod, 2007). Therefore, instead of concentrating on the stores and structures involved, it focuses on the processes involved in memory. They distinguished between two types of processing: shallow and deep. Shallow processing involves structural and phonemic processing and deep processing involves elaboration rehearsal through semantic processing.

[bookmark: _Toc123672030]The magical number seven, plus or minus two
George A. Miller theorised that the number of objects an average human can hold in STM is between five and nine. He believed that there is only a certain number of ‘slots’ in which items could be stored. His study revealed that people recall numbers easier than letters (Miller, 1956). With a background in linguistics, Miller proposed that the brain can combine items together into chunks which count towards the seven-chunk limits of STM. This process allows the limits of recollection to be boosted.  
[bookmark: _Toc123672031]Conclusion 
This study aims to test the serial position effect. The hypothesis words presented at the beginning and end will have a higher recall to those in the middle. 



[bookmark: _Toc123672032]Method
The research question is what words will be remembered through the serial recall effect. A quantitative approach will be used, and data will be collected via written forms. 
[bookmark: _Toc123672033]Participants
There was a total of 10 participants which comprised of fellow peers and academic staff. 5 females and 3 males with 2 undisclosed. The age range was 19 to 31, the mean age is 23 and the standard deviation is 3.7.
[bookmark: _Toc123672034]Design
14 words from the TWP (see appendix 1) were chosen in a group with discussion based on concreteness mean of between 3.2 and 3.8. To a randomise the order of words 2 bowls were used, one with the words written on pieces of paper and another with numbers until each word was allocated a number to prevent bias. The independent variable (IV) is the number of words and the serial position of the words in the recall task. The dependant variable (DV) is the number of correctly recalled words by participants.  The design is within-subjects. There will be no statistical analysis however the total scores for each word were calculated to explore U-shaped serial position curve. 
[bookmark: _Toc123672035]Materials
Superlab (Cedrus) was used to display both sets of instructions and the words. The words were displayed for 1500ms using 72 size font on a 15.5inch screen (see appendix 3 & 7) with a blank screen for 500ms and a cross for 500ms in the same size and font in-between each word. Words were chosen from the TWP and selected for their concreteness mean of between 3.2 to 3.8. A consent form was provided to the participant prior to taking part in the study (see appendix 8). Once the participant had completed both parts of the study, they were provided with a debrief form (see appendix 9). 
[bookmark: _Toc123672036]Procedure
Each participant was shown into the lab with the same setup of a computer, a blank piece of paper, pen, and consent form (see appendix 3). They were instructed to read through the consent form and sign if they were happy to proceed then to follow the instructions on the computer screen (see appendix 4). Once the correct response was given the screen would be blank for 500ms followed by a cross for 500ms then each word in order (see appendix 2).  Once all 14 words were displayed the second set of instructions were displayed asking for the participant to write down any words they remember on the piece of paper provided (see appendix 5). Once the corrected response was pressed the participant would then be shown the end screen thanking them for their participation and to let the researcher know they are finished (see appendix 6). The participant would then be provided with a debrief form (see appendix 9) and be asked if they have any questions, if none they are thanked again for their contribution. 



[bookmark: _Toc123672037]Results
Data was gathered from 10 participants, 5 (62.5%) identified as female and 3 (37.5%) identified as male with two participants not specifying a gender. The average percentage of words recalled was 33%. Total scores for each word correctly recalled were calculated and compared (see appendix 2). Any repeated or misspelled words were excluded with the exception of word no.10 which was an anomality in the data. While it does affect the results, it can only be theorised as to why it was remembered more being that is it a word in the middle of the list. The final word was recalled by every participant which shows the recency effect. It can be theorised as to why more participants remembered word 3 over 2 due to the similarities of words making word 3 have a more concrete meaning. The data does show the primacy-recency effect curve even with the anomality. The original hypothesises is accepted. 
The main findings were that this study supports the serial recall effect and data shows a primacy-recency curve. Words 1-3 show more recall with a drop with word 4-10 then another drop 11-12 with a final large increase for words 13-14. 
Table 1  - Chart showing the number of times each word was correctly recalled




[bookmark: _Toc123672038]Discussion
The discussed theories each aid this study and the understanding of how memory recall works. The multistore of memory shows how words pass from different stores with rehearsal and how when STM is full words would fade from memory. The levels of processing effect again with rehearsal shows how the words are processed whether that be shallow or deep. Finally, the magic number 7 and STM stores which shows how words at the end of the list are recalled by filling in the limited slots. 
This study was strong in that it supports other studies of serial recall with similar findings albeit in a much simpler form. There is a high degree of control because it was performed in a lab setting therefore researchers had strict control over variables. 
The hypothesis words presented at the beginning and end will have a higher recall to those in the middle is accepted. The results show how more words were remembered at the beginning and end of the list compared to the middle. 
There was an anomaly in the data with word no.10 which was not from the TWP and instead was human error. It does show a higher recall rate to other words presented in the middle of the list, but this can only be theorised as to why this is. It is a 3-syllable word and longer which may be why it stayed in people’s memories. It could also present a deeper meaning through concreteness. 
Criticisms of the study are the similarity of words such as calmly and deadly being presented after one another but this could not be changed due to how the word order was randomised. Also, the study was conducted in labs and not the real world or a simulation of everyday life. A final limitation of the study is it lacks population as participants were all students and teaching staff and a small sample size. 
To further this research a larger data set would be beneficial and studying more complex words with multiple lists to test the primacy-recency curve in more depth. 
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Appendix 1 - Toronto word pool of words used
	Item No.
	Word
	Imagery Mean
	Imagery SD
	Concreteness Mean
	Concreteness SD
	Letters
	K-F freq
	FOA
	SOA
	ONR
	Dict Code
	% Noun

	23
	Advice 
	3.3
	1.9      M
	3.5
	1.9                 F
	6
	10
	33.4
	28.8
	0.84
	1000
	100D

	117
	Behave
	3.1
	2.0       -
	3.2
	1.5
	6
	13
	33.3
	28.7
	1.00
	2000
	0      D

	153
	Calmly
	4.0
	2.0
	3.2
	1.4
	6
	11
	35.7
	33.9
	1.00
	4000
	0      D

	276
	Deadly
	4.6
	1.8      M
	3.8
	1.5                 F
	6
	19
	33.2
	30.2
	0.83
	3400
	0      D

	285
	Defend
	4.3
	1.7      M
	3.5
	1.2
	6
	21
	31.3
	27.8
	0.32
	2000
	0      D

	309
	Direct
	2.7
	1.8    -M
	3.5
	1.6                M
	6
	129
	30.6
	28.7
	1.00
	2300
	0      D

	382
	Expose 
	4.1
	2.0      F
	3.2
	1.2
	6
	8
	34.8
	28.8
	1.00
	2100
	3

	420
	Forget
	2.6
	1.5
	3.5
	1.8
	6
	54
	32.0
	29.1
	0.70
	2000
	0      D

	446
	Gentle 
	4.8
	2.0
	3.2
	1.6
	6
	27
	30.3
	28.6
	0.47
	3120
	36

	486
	Honest
	3.3
	2.0    -M
	3.4
	1.9
	6
	47
	28.8
	25.4
	1.00
	3400
	0      D

	585
	Locate
	2.3
	1.7    -M
	3.8
	1.7
	6
	16
	30.0
	28.3
	0.84
	2000
	0      D

	686
	Obtain
	2.7
	1.8     M
	3.4
	1.4
	6
	42
	31.1
	33.3
	1.00
	2000
	0      D

	950
	Stupid 
	4.8
	1.6
	3.5
	1.7                 F
	6
	24
	33.3
	29.5
	1.00
	3100
	.

	1018
	Unlike
	2.0
	1.1
	3.4
	1.6                M
	6
	42
	34.5
	32.7
	1.00
	5300
	0      D



Appendix 2 - Order the words were presented and times recalled by participants
	Word Number
	Word
	P1
	P2
	P3
	P4
	P5
	P6
	P7
	P8
	P9
	P10
	Times correctly recalled

	1
	Behave
	
	
	
	
	
	
	
	
	
	
	5

	2
	Direct
	
	
	
	
	
	
	
	
	
	
	4

	3
	Defend
	
	
	
	
	
	
	
	
	
	
	6

	4
	Calmly
	
	
	
	
	
	
	
	
	
	
	2

	5
	Deadly
	
	
	
	
	
	
	
	
	
	
	2

	6
	Locate
	
	
	
	
	
	
	
	
	
	
	1

	7
	Gentle
	
	
	
	
	
	
	
	
	
	
	0

	8
	Advice
	
	
	
	
	
	
	
	
	
	
	1

	9
	Expose
	
	
	
	
	
	
	
	
	
	
	1

	10
	Unlikely
	
	
	
	
	
	
	
	
	
	
	4

	11
	Honest
	
	
	
	
	
	
	
	
	
	
	3

	12
	Forget
	
	
	
	
	
	
	
	
	
	
	1

	13
	Obtain
	
	
	
	
	
	
	
	
	
	
	6

	14
	Stupid
	
	
	
	
	
	
	
	
	
	
	10

	
	Age
	
	20
	23
	
	19
	22
	25
	20
	31
	26
	

	
	Gender
	
	F
	F
	
	F
	M
	M
	F
	F
	M
	


Appendix 3 - Study setup
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Description automatically generated with medium confidence]
Appendix 4 - Instructions 1
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Appendix 5 - Instructions 2
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Description automatically generated with medium confidence]
Appendix 6 - End screen
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Description automatically generated]



Appendix 7 - Example of word displayed in study
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Description automatically generated with low confidence]
Appendix 8 - Consent form
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Description automatically generated]
Appendix 9 - Debrief form
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Description automatically generated]
Appendix 10 - Study protocol
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