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Abstract
The way in which stimulus is processed has been the subject of much discussion (Shriffrin, Pisoni, & Castaneda-Mendez, 1974:Feist, 2013).  According to Craik & Lockhart (1972) the presentation of information determines the level of processing. Craik & Lockhart (1972) suggested three levels, Shallow, Intermediate and Deep: the deeper the processing the stronger the effect.  Shallow processing involved recognising capital or lowercase letters, intermediate processing involved recognising rhyming words and deep processing involved questions needing more consideration.   In line with Craik & Lockhart’s (1972) original findings, a study was conducted to re-confirm, stimulus processed at a deeper level is more easily recognised.  The current within subject’s design study involved an opportunity sample of 19 participants, five men and 14 women aged between 19 and 48.  Participants were given an incidental task answering questions presented on a PowerPoint slide each varying in the depth of processing required.  A one-way Anova confirmed a significant difference, finding deep processing increases recognition therefore supporting the original hypothesis, a further Bonferroni test was carried out to determine the whereabouts.
Many psychologists have attempted to determine how information is processed, stored and recalled (Shriffrin, Pisoni, & Castaneda-Mendez, 1974).  Most have studied processing in the form of structural models such as Broadbent’s (1958) famous Filter Theory of Attention, however Craik & Lockhart (1972) were the first to offer an alternative approach suggesting the elaboration (Lockhart & Craik, 1990) of the stimulus and the meaning extracted from it which is paramount to future recognition (Craik & Lockhart, 1972).  Craik & Lockhart (1972) conducted a study to confirm their suggestions.  Participants were presented with a list of 60 questions.  The questions were divided into three categories, the first - Shallow, where visual recognition of capital or lowercase letters was required, the second – Intermediate, requiring phonic recognition, participants were asked to identify rhyming words and the third – Deep, where semantic involvement was required, participants being asked whether a word would fit in to a sentence such as, ‘Do lions swim in the sea?’   The participants were then given a list of 180 words, the original 60 words from the presentation among them, and asked to identify any words shown during the presentation.  The results from Craik & Lockhart’s (1972) study, indicated participants were more likely to recognise words which had been presented in the Deep processing category suggesting semantically processed stimulus is more likely to be more deeply encoded (Lockhart & Craik, 1990) therefore being more likely to be recognised in readiness for recall.  In support of Craik & Lockhart (1972), Treisman (1964) suggests, information which has meaning and is of importance will be recognised above all other stimulus.  Treisman (1964) conducted a study using dichotic listening techniques.  Participants heard two sets of messages played into both ears via headphones and were asked to listen to one side, the participants were then asked to relay the message played into the attended ear.  The results indicated participants were able to identify messages played into the unattended ear if they were accompanied by meaning (Treisman, 1964).  Also in support Moray (1953) found words with meaning, a personal name was also heard above all other stimulus.  In the same way Fugelsang & Dunbar (2013) also support Craik & Lockhart’s (1972) theory of the importance of meaning, suggesting words with meaning are paid a higher level of interest and are therefore subjected to deeper levels of processing (Craik & Lockhart, 1972).  Appearing to disagree with Craik & Lockhart (1972), Atkinson & Schriffrin (1968) suggested, although structure of memory is relevant, it is the amount of rehearsal which occurs determining recognition and subsequent recall, meaning appearing irrelevant.
According to Eysenck (1978), Craik & Lockhart’s (1972) Levels of Processing theory fails to explain the cognitive processes involved only finding the importance of meaning in relation to deeper encoding, however, there appears to be no doubt that Craik & Lockhart’s (1972) findings have had a marked influence (Baddeley & Hitch, 2017), in particular in the educational setting (Richardson, 2017).  
Richland, Bjork, Finley, & Linn (2005) appear to agree with Richardson (2017) suggesting deeper encoding by way of harder questions, such as filling in missing letters in words, has facilitated learning, however, Yauman-Diemand, Oppenheimer, & Vaughan (2011) suggest it is not the difficulty which increases learning but the deeper thought processes behind: Nunoi & Yoshikawa (2016) suggesting deep encoding enhances recognition for up to six weeks longer.   Morris, Bransford, & Franks (1977) appear to disagree with Craik & Lockhart’s (1972) findings instead suggesting phonetic stimulus appears stronger during recognition tasks however, semantic stimulus outperformed phonetic during a standard recognition task.  Glover, Rankin, Langner, Todero, & Dinnel (1985) appears to support both theories, although suggests the apparent benefits of providing learners with semantic questions to facilitate learning should not be ignored.
It appears for the most part Levels of Processing has been considered an accurate and relevant theory in relation to encoding information however, alternative theories exist, and some disagreement has taken place (Shriffrin, Pisoni, & Castaneda-Mendez, 1974).   Therefore, it is the purpose of this study to attempt to replicate the Levels of Processing by Craik & Lockhart (1972) to re-confirm their original findings, increasing supporting evidence by which to further improve education.

Method
Design.  A within subject’s design was used with three conditions consisting of Condition 1 - Shallow, Condition 2 - Intermediate and Condition 3 - Deep questions, the dependable variable being the number of words recognised in each category and the independent variable being Levels of Processing  (Craik & Lockhart, 1972).
Participants.  Participants consisted of 19 West Wales university Psychology students, consisting of five men and 14 women, aged between 19 and 48.
Materials.  A University classroom was utilised as a laboratory setting for this study.   A computer, overhead projector and PowerPoint presentation was used to display the questions, the Levels of Processing (Craik & Lockhart, 1972) was printed out onto two sheets of white paper, one asking participants to mark yes or no (See Appendices 1a) and the other asking participants to mark the words they recognise (See Appendices 1b).
Procedure (See Appendices 2)

Results
This section clearly outlines the findings of the study for the three conditions, Condition 1 -Shallow, Condition 2 -Intermediate and Condition 3 Deep (See Appendices 3). The results of the three conditions are presented in table 1 below:
Table 1 Means and SD of the three conditions: Shallow, Intermediate and Deep 
	Conditions
	Mean
	SD

	Shallow
Intermediate
Deep
	3.89
5.15
10.37
	2.97
3.76
2.77



Table 1 indicates participants were more likely to recognise words within condition 3 – Deep.  A one-way Anova was identified as the most appropriate analysis to determine significance.  The one-way Anova confirmed a significant difference between the three conditions f(2,36)52.124,p<0.05.  A post-hoc test, Bonferroni identified the significant difference to be between conditions 1 and 3 and between 2 and 3 but not between 1 and 2 (see Appendices 4).

Discussion
The purpose of this study was to re-examine Levels of Processing (Craik & Lockhart, 1972) to re-confirm the original findings.  In line with previous empirical research the original hypothesis hoped to confirm participants would more readily recognise words which had previously been presented with deeper meaning, suggesting deeper encoding would take place (Richland, Bjork, Finley, & Linn, 2005).  The study has supported the original hypothesis finding an overall significant difference, however post-hoc tests revealed the significant difference lies between condition 1 – Shallow and condition 3 – Deep, also between condition 2 - Intermediate and condition 3 – Deep, however no significant difference was found between condition 1 – Shallow and condition 2 – Intermediate.
It appears the way visual and auditory stimulus is processed in readiness for future recognition and recall has been the subject of much interest (Shriffrin, Pisoni, & Castaneda-Mendez, 1974).  Contrary to Broadbent’s (1958) well documented structural Filter Theory of Attention, Craik & Lockhart (1972) suggested, meaning is of paramount importance: increasing depth of processing.  According to Nunoi & Yoshikawa (2016) stimulus encoded using strategies with deeper meaning are more readily recognised long term, therefore providing important information for facilitating learning (Glover, Rankin, Langner, Todero, & Dinnel, 1985:Richardson, 2017).  Richland, Bjork, Finley, & Linn (2005) went on to suggest, questions which are more difficult to answer require deeper levels of processing resulting in deeper encoding and subsequent improved recognition, a suggestion the current study supports.  
According to Richardson (2017), the original Levels of Processing (Craik & Lockhart, 1972) has positively influenced the way in which education is presented to learners, however, the current study appears to lack ecological validity as only a small sample of students took part.  Of those students, approximately half had already attended a psychology lecture that morning which may have resulted in higher levels of fatigue decreasing cognitive processing speeds (Diamond & Graves, 2008),  Ching-Ling, Chong-Lang, Rung-Ching, Yung-Wen, & Tzah-Farn (2017) suggesting a lack of activity within the cerebral cortex due to fatigue may account for a decrease in alertness and subsequent accidents, therefore questioning the accuracy of answers.  In addition, participants with learning difficulties and disabilities were not considered.  According to Vidyasagar & Pammer (2010) learning difficulties are due to dysfunction within the dorsal visual stream, causing difficulties with processing in relation to graphemes and their subsequent conversion into phonemic ability, in particular rhyming, all of which the current study declined to account for.  In addition, Cain, Oakhill, & Elbro (2003) finds students with Dyslexia and Dyspraxia have difficulty coping with comprehension tasks due to the deep levels of processing required.   Therefore, it may be fitting to increase comprehension tasks within education, encouraging deeper processing, increasing levels of recognition, retention and subsequent recall (Nunoi & Yoshikawa, 2016).
The current study appears to have supported the original hypothesis, reconfirming the existence of the Level of Processing (Craik & Lockhart, 1972) effect upon students and is therefore, of interest to education facilitators (Richardson, 2017), however, further research needs to be carried out in respect of learning difficulties and disabilities to further improve understanding.












Appendices 1a – Levels of Processing Questions
Put a cross on YES or NO in response to what you see on the screen 
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Appendices 1a – Levels of Processing Questions continued

	36.
	YES
	NO

	37.
	YES
	NO

	38.
	YES
	NO

	39.
	YES
	NO

	40.
	YES
	NO

	41.
	YES
	NO

	42.
	YES
	NO

	43.
	YES
	NO

	44.
	YES
	NO

	45.
	YES
	NO


















Appendices 1b – Word List
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


Appendices 1b – Word List continued

	DRILL
	LAZER
	PRIEST

	LIGHT
	NAIL
	FARM

	CASE
	HARM
	CLOVER

	TABLET
	LIST
	RAZOR

	KNEE
	ICE
	RACE





















Appendices 2 – Procedure

In line with ethical considerations presumptive consent was obtained prior to the beginning of the study (See Appendices 6).   All nineteen psychology students took part in the study during an afternoon seminar within a classroom at their West Wales university, all students took part at the same time.  All students were unaware of the nature of the study prior to commencement and was therefore presumed to be an incidental task.  The study consisted of two stages with three conditions 1 – Shallow, 2 – Intermediate and 3 - Deep, all students took part in all conditions, the procedure explained clearly prior to commencement of the study.   To begin, students were provided with a sheet of pre-printed white paper consisting of three tables:  question number, a yes column and a no column.  Participants were asked not to turn the paper over until permission was given.  Standardised instructions (See Appendices 5) were then read out and the study began.  During the first stage of the study, forty-five questions were presented via overhead projector at intervals of 2.25 seconds consisting of fifteen questions within each condition.  The participants were asked to answer yes or no.  When complete participants were then given a second pre-printed sheet of white paper containing a list of one hundred and five words and asked to mark which words they recognised from the list of questions just previously seen.  Three minutes was given for the second stage.  When complete the words were identified and marked S for condition 1 - shallow, I for condition 2 - intermediate and D for condition 3 -deep levels of processing (Craik & Lockhart, 1972).  Participants were asked to count how many words they had recognised in each section.  Once participants had completed all stages the participants were debriefed and given the right to withdraw in line with ethical standards (See Appendices 7).  The results were then shared verbally and recorded on a white board in readiness for analysis.






Appendices 3 – Raw data
	
	
	

	Condition 1 – Shallow
	Condition 2 – Intermediate
	Condition 3 – Deep

	
	
	

	1
	0
	8

	5
	13
	14

	1
	1
	8

	6
	9
	15

	12
	8
	11

	2
	3
	12

	6
	8
	12

	6
	7
	13

	8
	10
	12

	5
	10
	14

	5
	1
	6

	0
	3
	9

	3
	3
	13

	4
	5
	8

	3
	4
	6

	2
	6
	10

	2
	1
	10

	0
	5
	8

	3
	1
	8

	
	
	









Appendices 4 – Results

	Within-Subjects Factors

	Measure:   MEASURE_1  

	LevelofProcessing
	Dependent Variable

	1
	Shallow

	2
	Intermediate

	3
	Deep



	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	Shallow
	3.89
	2.979
	19

	Intermediate
	5.1579
	3.76037
	19

	Deep
	10.3684
	2.77310
	19




	Estimates

	Measure:   MEASURE_1  

	LevelofProcessing
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	1
	3.895
	.684
	2.459
	5.331

	2
	5.158
	.863
	3.345
	6.970

	3
	10.368
	.636
	9.032
	11.705



	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

	Level of
Processing
	Sphericity Assumed
	447.474
	2
	223.737
	52.124
	.000
	.743
	104.248
	1.000

	
	Greenhouse-Geisser
	447.474
	1.930
	231.847
	52.124
	.000
	.743
	100.601
	1.000

	
	Huynh-Feldt
	447.474
	2.000
	223.737
	52.124
	.000
	.743
	104.248
	1.000

	
	Lower-bound
	447.474
	1.000
	447.474
	52.124
	.000
	.743
	52.124
	1.000

	Error
(Level of Processing)
	Spheric
Assumed
	154.526
	36
	4.292
	
	
	
	
	

	
	Greenhouse-Geisser
	154.526
	34.741
	4.448
	
	
	
	
	

	
	Huynh-Feldt
	154.526
	36.000
	4.292
	
	
	
	
	

	
	Lower-bound
	154.526
	18.000
	8.585
	
	
	
	
	

	a. Computed using alpha = .05


Appendices 4 – Results Continued


	Pairwise Comparisons

	Measure:   MEASURE_1  

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

	
	
	
	
	
	Lower Bound
	Upper Bound

	1
	2
	-1.263
	.700
	.264
	-3.111
	.585

	
	3
	-6.474*
	.707
	.000
	-8.338
	-4.609

	2
	1
	1.263
	.700
	.264
	-.585
	3.111

	
	3
	-5.211*
	.605
	.000
	-6.807
	-3.614

	3
	1
	6.474*
	.707
	.000
	4.609
	8.338

	
	2
	5.211*
	.605
	.000
	3.614
	6.807

	Based on estimated marginal means

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

	b. Adjustment for multiple comparisons: Bonferroni.

















Appendices 5 – Standardised Instructions

Before we start, please remember if at any time during this study you wish to withdraw, you have the right to do so.   No personal information will be taken from you.  You will be presented with two sheets of paper given one at a time.  The first sheet will consist of three columns containing the question number and a yes and a no column.  A power-point presentation will appear on the screen containing forty-five questions, please tick yes or no as your answer.  Please do not turn the paper over until told to do so.  The second sheet will be given to you after the first set of questions have been answered.  If you have any questions, please ask them now.  Please turn over the sheet when I tell you to start.

This is your second sheet please don’t turn it over until told to do so.  This sheet contains lists of words which may or may not have been part of the questions you have just answered.  Please note which ones you recognise.  Please begin when I tell you to start.













Appendices 6 – Consent Form

Psychology Department, West Wales University

INFORMED CONSENT FORM

I confirm that standardised instructions have been made available to me in relation to this study and I have had the opportunity to consider the implications.  I have also had the opportunity to ask any questions I may have.
I give my consent voluntarily and acknowledge I have the right to withdraw without question.
I am aware no personal information will be taken from me other than my age and gender and the information will only be used as park of a marked report within the Psychology Department.
I freely consent to participate in this study.

Signed:  ______________________________________________________ Participant


Signed:  ______________________________________________________ Researcher






Appendices 7 – Debrief Form
Debriefing information for participants of the Levels of Processing study
The way in which we process information has been widely researched.   In 1972 Craig and Lockhart suggested attaching meaning to information enhances future recognition. Craik & Lockhart’s (1972) original theory was adapted to assess participants different levels of processing whether shallow, intermediate or deep.  The first level of question is shallow which only takes a small amount of processing to answer due to the small amount of meaning attached to it, an example would be ‘Are these words in capital letters or not?’,  the second is intermediate which involves more meaning, an example would be ‘Do these two words rhyme?’ and the third is deep processing which as the name suggests take the most effort due to the amount of meaning involved and usually incorporates a sentence which needs to be thought about such as ‘are elephants bigger than mice?  According to Craig and Lockhart (1972) recognition is enhanced when meaning is attached.  Therefore, this study expected to find participants recognised a higher number of words placed within Condition 3 – Deep.  
This study was carried to support the Levels of Processing (Craik & Lockhart, 1972) theory within university students.  All participants were asked whether they would like to take part in the study and then advised of the procedure.  Two separate sheets of paper were provided at different times in line with the original Levels of Processing tests.  The participants were asked to refrain from turning the sheet over until asked.  Once the researcher was ready participants were asked to begin answering yes or no in response to the questions, when completed the second sheet was given and again participants were advised to refrain from looking at the sheet until the researcher told them to, this time attempting to recognise which words previously appeared within the questions during the first stage of the study.  The number of words each participant recognised were recorded upon a white board in readiness for analysis.  The study expects to find participants will recognise more words which were placed within Condition 3 – Deep further supporting evidence of the existence of Levels of Processing Theory (Craik & Lockhart, 1972).
[bookmark: _GoBack]No personal information was recorded other than age and gender, the results will be utilised by the Psychology department as part of an assignment.  You have the right to withdraw from this study at any time up until 11:59am on 9 November 2017, if you wish to do so please email c.greenway@tsd.uwtsd.ac.uk senior lecturer.  Thank you for your participation.
