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Abstract
A sample of twenty-one undergraduate students from the University of Wales, Trinity Saint David took part in an experiment that examined the level of information processing. Forty-five questions where presented to investigate the depth of long-term memory and the level of learning in processing of meaning and retrieval. Three levels were examined; capital letters explored shallow processing, rhyme for intermediate, and words suited to sentences were used to examine deep processing. Due to the nature of the experiment being of a within design measure, a one-way repeated measure analysis of variance (ANOVA) was used to analyse the data collected from the recognition task. The experiment was a partial replication of Craik and Tulving’s (1975) experiment, which supports the hypothesis that there would be a significant difference between deep processing and shallow level of processing, and intermediate processing and deep level of processing. 

Introduction
Levels of processing depends on the amount of information participants will recognise or recall through exposure to a stimulus, and how they process the information given. Levels of processing focuses on the process of how stimuli are absorbed, coded and moved to the long-term memory, and how a person receiving the stimulus stores the information through structural processes and semantic processes of memory. The strength of how stimuli is analysed is through the amount of attention paid, depth carried out and if the person can use their knowledge or perception to link with the stimuli (Harries, 2017). 
[bookmark: _Hlk498049764]Craik and Lockhart (1972) suggested that the deeper the processing level, the more permanent the information is stored in the long-term memory, resulting in easier retrievable memories. Thus, meaning there is a need for elaborative rehearsal. However, the earlier stage of processing (shallow) involves encoding the stimulus which makes a person less likely to retrieve the information. This is due to the structural process of memory. The deep processing within the semantic phase involves adding meaning to the word rather than concentrating on how the word sounds (Eysenck, 1978). 
Craik and Tulving (1975) followed on Craik and Lockhart’s hypothesis that information that was processed semantically would be remembered better than words processed intermediately, and shallow processing would not be as greatly recalled as the intermediate processed words.  They conducted a study to analyse the types of processing and how they affect the recall of words using three questions which exercises the structural, phonological and semantic processes (questions used are seen in appendix 3). Participants would be presented with an incidental learning technique task in which 45 questions were presented and words were shown that would answer the questions provided. Memory recognition was tested by being shown a list of 105 words of which 45 words used in the task would be included. Their task was to recognise the words that were present.  Craik and Tulving’s results supported the hypothesis of Craik and Lockhart’s theory.
Morris, Bransford and Franks (1977) suggested that the level of processing depended on how recognition was measured and how different types of processing can lead an individual to obtain various information about stimulus presented.  The three experiments carried out by Morris et al showed that recognition worked best for the semantic process due to adding meaning. Rhyming recognition was best for phonological processing, due to the use of immediate and delayed tests during the recognition process. Also, they specified that the sounds of words presented were not dependant on the levels of processing. 
Previous research implies the impact of processing on how information is stored in the long-term memory and how rehearsal is more effective. It is important to research aspects of memory, such as levels of processing, as it could impact areas such as education. Students will benefit from further research due to better teaching; information does not get processed accurately from a simple reading, therefore processing is needed to learn and understand the information given to them. With better understanding, teachers and students would be able to devise a suited lesson plan or a more suitable way of individual learning.
[bookmark: _Hlk498055516]The experiment conducted bellow is a partial replication of Craik and Tulving’s (1975) study that confirmed that depth of information processing affects later recognition. The purpose of the experiment was to see whether the scores from the levels of processing task would support the prediction that deep processed words would be recognised better than words processed through intermediate processing. Intermediate words would be better recognised than those presented for shallow processing. Thus, meaning an investigation into the levels of processing using Craik and Tulving’s method of presenting words to participants in three conditions was used. The use of capitals examined the shallow processing and rhyme examined the intermediate. The use of words to see whether if it is suited in a sentence was used to test the deep processing.  

Methodology
Design
The use of a related subject design was used due to participants taking part in all three of the levels presented to them; Shallow, Intermediate and Deep. The dependent variable of this experiment was the scores noted by the participants from the recognition task conducted. The independent variable was to investigate the various levels of processing using shallow, intermediate and deep conditions, in return, scored were collected for each level. To analyse the data collected, a one-way repeated measure analysis of variance (ANOVA) was used due to three levels and dependent data are present and participants were in a within design. 
Participants
An opportunity sample of psychology students from the University of West Wales took part in the experiment. Twenty-one participants took part; 4 of which were males and 17 females with the age variation of 20 to 53 years. Students were naïve to the purpose of the study, but consent was presumed and were given the right to withdraw. 
Apparatus/Materials
The task was presented to them using Microsoft Power Point which was viewed on a big screen at the front of the room (see appendix 3). A projector was used to project 50 slides from a computer screen; 3 of which had a trail practice for the participants to have an idea on what is expected during the task, and 45 with questions that participants were to answer. Also, with the use of computer, the time between each slide were recorded; 2 seconds for the question, then 4 seconds where the word is presented, totalling in 6 seconds per slide. The title on some slides were in blank ink with the font Calibri light and size 48. Questions were set in Helvetica Neue with the font size being 36 and in grey. The background to which the words were placed was blue, taking into consideration the visually impaired and dyslexic participants. Participants were given two sheets of A4 paper which included a list of words and a yes/no sheet (see appendix 4 and 5, list of 105 words and answer sheet) in which they were instructed to use the answer sheet during the presentation task and the list of 105 words was placed face-down and to use after the task. 
Procedure
(see appendix 6)










Results
This section presents the findings from the experiment conducted. The words processed through deep processing would be greater recognised than rhyme words within the intermediate process, and intermediate words would be recognised better than words processed in the shallow level. 
Table 1: Mean and Standard Deviation results for the three levels: 
Shallow, Intermediate and Deep. 

	Levels
	Mean
	Standard Deviation

	Shallow 
(Capitals)
	
2.86
	
2.71

	Intermediate (Rhyme)
	
4.19
	
2.36

	Deep 
(Sentence)
	
11.00
	
2.26


The table above shows that the mean is higher for Deep levels of processing, which implies that there is a better recognition of words due to the deeper level of processing. Thus, also implies to the Intermediate levels of processing, due to being higher than the Shallow levels of processing.
 
A one-way repeated measures ANOVA was used due the design of experiment being a within-subject analysis, which resulted in F(2,40)=129.057, p<.05.
The significant difference between both Intermediate and Deep levels of processing and Shallow and Deep levels of processing show a significant difference of P = .000. Thus, meaning the results and scores collected are too similar and mean scores are too close together. More conditions need to be implied to support the hypothesis. This result does not tell us where the significant differences lay, therefore, a Bonferroni pairwise comparison was taken (see appendix 2) which determined that there was no significant difference between the Shallow and Intermediate conditions, with the result of P=.080, causing the hypothesis to be partially accepted due to recall within the Deep level of processing being higher.









Discussion
The aim of this study was to investigate whether the scores collected from the participants supported the prediction. Scores for the recognition task would be higher in the deep level of processing, and intermediate level of process scores would be higher than the shallow level. The hypothesis from both Craik and Tulving’s study and this study predicted that there would be a significant difference between all three levels. However, in this study it is revealed that there is a significant difference between shallow and deep levels of processing, and intermediate and deep levels of processing. Therefore, the hypothesis was partially accepted, but there was no significant difference between shallow and intermediate levels of processing. 
Even though Craik and Lockhart’s theory provided credible information about processing and how learning is affected, it does not explain further to why deeper levels of processing would get higher results, they only describe the processes that occur during passing of information from the phonological to the semantic. Without the studies carried out by Craik and Tulving (1975) and Morris et al (1977) to support their theory of levels of processing, researchers would not know the depth in which the processing was measured. Individual differences can be a factor to affect the results received due to retrieval strategies and individual representation within memory have been bought to light (Eysenck, 1978). Participants may have known what was expected to do and engaged more in the deeper processing tasks.  The original theory was oversimplified and there may not have been a systematic relationship between the target output. From analysing Craik and Lockhart’s theory (1972), they suggested that deeper processing acquires more time for processing the information. Whereas, within this study, each participant only received 6 seconds per question to answer and to absorb the information. Thus, meaning that within each condition, there was more to read and think about when each level was presented, resulting in the third condition, deep processing, may have had an increased scoring. Also, from analysing the results obtained from the experiment, if timing was put into consideration, and increased as the levels got harder, there may have been a significant difference between shallow and intermediate processing. 
However, every set of results collected from the studies above have all correlated and supported each other. The theory explains how rehearsal is more effective than the maintenance and auditory tasks. Thus, suggesting that if more research is made into the topic of information processing and memory, schooling would benefit due to being able to access further information to improve teaching strategies. Students with their out of school studying and students with learning impairments could benefit from being able to find the best technique suitable for their personal needs.
Conclusion
Craik and Lockhart (1972) suggested that the deeper the information is processed, the likelihood of remembering the information would be higher than that processed in the shallow level processing. Through categorising, better retrieval is enabled. The cues presented, the questions asked within each level, act like prompts. Without cues, recall isn’t enabled due to the memory trace not being strong enough to recall the words. Although it is highly important to research into the information processing aspect of memory, the study itself is vague, and factors other than depth of processing are important to retention of information. 
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Appendices 
 
1. Raw Data 
	Shallow 
	Intermediate 
	Deep 

	1 
4 
3 
3 
2 
6 
2 
3 
0 
9 
1 
0 
4 
2 
0 
2 
10 
2 
4 
2 
0 
	5 
10 
5 
7 
5 
6 
3 
3 
2 
3 
2 
1 
3 
1 
2 
5 
8 
4 
5 
6 
2 
	12 
13 
12 
10 
10 
14 
9 
11 
10 
13 
11 
9 
6 
7 
12 
11 
13 
13 
13 
14 
8 


 

2) SPSS results
  
	Within-Subjects Factors 

	Measure:   MEASURE_1   

	prossessing 
	Dependent Variable 

	1 
	Shallow 

	2 
	Intermediate 

	3 
	Deep 


 
 
	Descriptive Statistics 

	 
	Mean 
	Std. Deviation 
	N 

	Shallow 
	2.86 
	2.707 
	21 

	Intermediate 
	4.19 
	2.358 
	21 

	Deep 
	11.00 
	2.258 
	21 


 
 
	Multivariate Testsa 

	Effect 
	Value 
	F 
	Hypothesis df 
	Error df 
	Sig. 
	Partial Eta Squared 
	Noncent. Parameter 
	ObservedPowerc 

	prossessing 
	Pillai's Trace 
	.931 
	128.674b 
	2.000 
	19.000 
	.000 
	.931 
	257.347 
	1.000 

	
	Wilks' Lambda 
	.069 
	128.674b 
	2.000 
	19.000 
	.000 
	.931 
	257.347 
	1.000 

	
	Hotelling's Trace 
	13.545 
	128.674b 
	2.000 
	19.000 
	.000 
	.931 
	257.347 
	1.000 

	
	Roy's Largest Root 
	13.545 
	128.674b 
	2.000 
	19.000 
	.000 
	.931 
	257.347 
	1.000 

	a. Design: Intercept  
 Within Subjects Design: prossessing 

	b. Exact statistic 

	c. Computed using alpha = .05 


 
 
 
 
 
 
	Mauchly's Test of Sphericitya 

	Measure:   MEASURE_1   

	Within Subjects Effect 
	Mauchly's W 
	Approx. Chi-Square 
	df 
	Sig. 
	Epsilonb 

	
	
	
	
	
	Greenhouse-Geisser 
	Huynh-Feldt 
	Lower-bound 

	prossessing 
	.921 
	1.561 
	2 
	.458 
	.927 
	1.000 
	.500 

	Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix. 

	a. Design: Intercept  
 Within Subjects Design: prossessing 

	b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table. 


 
 
	Tests of Within-Subjects Effects 

	Measure:   MEASURE_1   

	Source 
	Type III Sum of Squares 
	df 
	Mean Square 
	F 
	Sig. 
	Partial Eta Squared 
	Noncent. Parameter 
	Observed Powera 

	prossessing 
	Sphericity Assumed 
	801.175 
	2 
	400.587 
	129.057 
	.000 
	.866 
	258.113 
	1.000 

	
	Greenhouse-Geisser 
	801.175 
	1.854 
	432.182 
	129.057 
	.000 
	.866 
	239.244 
	1.000 

	
	Huynh-Feldt 
	801.175 
	2.000 
	400.587 
	129.057 
	.000 
	.866 
	258.113 
	1.000 

	
	Lower-bound 
	801.175 
	1.000 
	801.175 
	129.057 
	.000 
	.866 
	129.057 
	1.000 

	Error(prossessing) 
	Sphericity Assumed 
	124.159 
	40 
	3.104 
	 
	 
	 
	 
	 

	
	Greenhouse-Geisser 
	124.159 
	37.076 
	3.349 
	 
	 
	 
	 
	 

	
	Huynh-Feldt 
	124.159 
	40.000 
	3.104 
	 
	 
	 
	 
	 

	
	Lower-bound 
	124.159 
	20.000 
	6.208 
	 
	 
	 
	 
	 

	a. Computed using alpha = .05 


 
 
	Tests of Within-Subjects Contrasts 

	Measure:   MEASURE_1   

	Source 
	prossessing 
	Type III Sum of Squares 
	df 
	Mean Square 
	F 
	Sig. 
	Partial Eta Squared 
	Noncent. Parameter 
	ObservedPowera 

	prossessing 
	Linear 
	696.214 
	1 
	696.214 
	184.953 
	.000 
	.902 
	184.953 
	1.000 

	
	Quadratic 
	104.960 
	1 
	104.960 
	42.952 
	.000 
	.682 
	42.952 
	1.000 

	Error(prossessing) 
	Linear 
	75.286 
	20 
	3.764 
	 
	 
	 
	 
	 

	
	Quadratic 
	48.873 
	20 
	2.444 
	 
	 
	 
	 
	 

	a. Computed using alpha = .05 


 
 
 
 
	Tests of Between-Subjects Effects 

	Measure:   MEASURE_1   

	Transformed Variable:   Average   

	Source 
	Type III Sum of Squares 
	df 
	Mean Square 
	F 
	Sig. 
	Partial Eta Squared 
	Noncent. Parameter 
	Observed Powera 
	

	Intercept 
	2280.016 
	1 
	2280.016 
	193.508 
	.000 
	.906 
	193.508 
	1.000 
	

	Error 
	235.651 
	20 
	11.783 
	 
	 
	 
	 
	 
	

	a. Computed using alpha = .05 


 
 
	1. Grand Mean 

	Measure:   MEASURE_1   

	Mean 
	Std. Error 
	95% Confidence Interval 

	
	
	Lower Bound 
	Upper Bound 

	6.016 
	.432 
	5.114 
	6.918 


 
 
 
	Estimates 

	Measure:   MEASURE_1   

	prossessing 
	Mean 
	Std. Error 
	95% Confidence Interval 

	
	
	
	Lower Bound 
	Upper Bound 

	1 
	2.857 
	.591 
	1.625 
	4.089 

	2 
	4.190 
	.515 
	3.117 
	5.264 

	3 
	11.000 
	.493 
	9.972 
	12.028 


 
 
 
 
 
	Pairwise Comparisons 

	Measure:   MEASURE_1   

	(I) prossessing 
	(J) prossessing 
	Mean Difference (I-J) 
	Std. Error 
	Sig.b 
	95% Confidence Interval for Differenceb 

	
	
	
	
	
	Lower Bound 
	Upper Bound 

	1 
	2 
	-1.333 
	.558 
	.080 
	-2.791 
	.124 

	
	3 
	-8.143* 
	.599 
	.000 
	-9.707 
	-6.579 

	2 
	1 
	1.333 
	.558 
	.080 
	-.124 
	2.791 

	
	3 
	-6.810* 
	.466 
	.000 
	-8.027 
	-5.592 

	3 
	1 
	8.143* 
	.599 
	.000 
	6.579 
	9.707 

	
	2 
	6.810* 
	.466 
	.000 
	5.592 
	8.027 

	Based on estimated marginal means 

	*. The mean difference is significant at the .05 level. 

	b. Adjustment for multiple comparisons: Bonferroni. 


 
 
	Multivariate Tests 

	 
	Value 
	F 
	Hypothesis df 
	Error df 
	Sig. 
	Partial Eta Squared 
	Noncent. Parameter 
	Observed Powerb 

	Pillai's trace 
	.931 
	128.674a 
	2.000 
	19.000 
	.000 
	.931 
	257.347 
	1.000 

	Wilks' lambda 
	.069 
	128.674a 
	2.000 
	19.000 
	.000 
	.931 
	257.347 
	1.000 

	Hotelling's trace 
	13.545 
	128.674a 
	2.000 
	19.000 
	.000 
	.931 
	257.347 
	1.000 

	Roy's largest root 
	13.545 
	128.674a 
	2.000 
	19.000 
	.000 
	.931 
	257.347 
	1.000 

	Each F tests the multivariate effect of prossessing. These tests are based on the linearly independent pairwise comparisons among the estimated marginal means. 

	a. Exact statistic 

	b. Computed using alpha = .05 


 
 
3) LOP Presentation Experiment
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4) List of words – participants were asked to put a tick/cross next to the words that were used within the presentation
Put a cross by all the original words that you saw when answering the questions 
	HOUSE
	LOUD
	RULE

	COAT
	LOST
	FIDDLE

	SNAIL
	ELEPHANT
	MUDDLE

	DESK
	CHEEK
	CARROT

	PHONE
	TIGER
	MINCE

	FINGER
	FISH
	CREAM

	LOSE
	TROWEL
	FLOWER

	RUBBER
	JUICE
	HOSE

	THROW
	CROWD
	JUMPER

	BROOM
	MATCH
	GRASS

	LION
	SKIRT
	LAST

	SHIRT
	FRAME
	LAMP

	TEXT
	RAIL
	TANK

	GLOVE
	JUMP
	SKETCH

	KNIFE
	ROPE
	COAL

	REST
	TRAM
	SWEATER

	RICE
	RACK
	ROCK

	TONE
	TACK
	TOWEL

	CHAIR
	HELLO
	COTTON

	ARM
	RAKE
	AEROPLANE

	PAINT
	HAND
	ROSES

	TIME
	MOWER
	MAZE

	LEG
	LADDER
	BAKE

	TRAIN
	CHEST
	TOWER

	BOOK
	REST
	GLASS

	CLIP
	PEN
	PLAY

	PEPPER
	POND
	LINE

	PEAR
	MOTOR
	OUNCE

	NECK
	FOOT
	HAT

	PAPER
	CART
	APPLE

	DRILL
	LAZER
	PRIEST

	LIGHT
	NAIL
	FARM

	CASE
	HARM
	CLOVER

	TABLET
	LIST
	RAZOR

	KNEE
	ICE
	RACE



5) Answer sheet

Put a cross on YES or NO in response to what you see on the screen 
	1. 
	YES
	NO

	1.     
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO






	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO

	1. 
	YES
	NO



6) Procedure
A laboratory experiment was conducted due to each variable was controlled and each participant took part in all three conditions. Participants were seated at a desk of their choice, with a view of an electronic whiteboard. They were debriefed that an experiment will be taken place where 45 questions will be presented to them. Two copies of A4 paper were handed to them; one facing down on the desk which included a list of words (see appendix 4) and one that presented yes/no options (see appendix 5). Participants were instructed that they will be presented with practice trials to familiarise with what is expected of them during the experiment. Thus, included slides that indicated that they would be asked questions regarding whether the word is of capital letter, rhyming word, and whether the word suited the sentence. From this sequence, three levels are created; shallow, intermediate and deep processing. From this, participants were told to access the A4 sheet of paper with the yes/no answers, and to answer each question that was presented by placing a cross. Following the presentation task, participants were requested to view the word sheet that was placed faced down. Thus, included 105 words, and the task was to identify the words that was used during the presentation, and was carried out in under 3 minutes; this was put in place to test recognition. After completion of the final task, participants were advised to rank their answers, using the three conditions. For example, if participant A crossed out the word “paint”, the number 2 was placed next to the answer to indicate that they processed the rhyming word. Three scores for each level was taken due to categorising each answer into each level. 
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