A study of the levels of processing involved in completing a recognition task.

Abstract
The aim of this study was to investigate the levels of processing theory to confirm if recognition is more enhanced when information has been processed on a deeper level. This study is based on the original theory by Craik and Lockhart (1972) and the previous study conducted by Craik and Tulving (1975). This study expects to find that participants will score higher in the questions that require deeper processing. Participants were an opportunity sample of level 5 psychology students in a west wales university. There were 19 participants 5 males and 14 females. The age range was between 19 and 48 years old. Participants were shown 45 questions that had either a yes or no answer, 15 questions were on the shallow level, 15 were on the intermediate level and 15 were on the deep level. Following this task participants were then given a recognition task which was a list of 105 words and were asked to put a cross by the words they recognised from the previous task. After both tasks were completed all scores and data were collected and analysed using an anova test and a Bonferroni post hoc test to analyse the difference between the 3 conditions.
Introduction
Craik and Lockhart (1972) proposed a theory called the levels of processing and suggested that information input goes through various levels of processing. Atkinson and Shiffrin (1968) multi store model suggested that the more a person rehearses information the more likely they are to remember it. Craik and Lockhart argued that the depth of processing achieved will determine how well information can be remembered. Craik and Lockhart discussed three categories within the level of processing theory. 
The first being shallow processing which involves the basic visual recognition of words for example if a word is written in capital letters or not. The next category is intermediate and relates to the phonological processing of the sound of a word and is involved in recognising the rhyming of words. The third category is deep processing this relates to semantic processing, when a word and a sentence needs to be processed more deeply to make sense of it for example the process of creating a meaningful sentence. 
Craik and Tulving (1975) conducted research to investigate the depth of processing in human memory. In agreement with the original theory by Craik and Lockhart (1972) they discussed how cognitive processes such as categorization and comprehension can affect memory performance. Participants were shown 45 words one after the other whilst being asked one of three questions that were associated with shallow, intermediate and deep processing as discussed earlier. After the 45 questions had been completed a recognition task was given to the participants in the form of a list of 105 words and they were asked to pick out the words they recognised from the previous task. The hypothesis expected and confirmed that the participants would score highest in the deep (semantic) questions, lower in the intermediate (auditory) questions and lowest in the shallow (visual) questions.
 Another piece of research conducted by Elias and Perfetti (1973) also supported the original level of processing theory by Craik and Lockhart (1972) participants were given tasks which involved words on a list, part of it was based on acoustic coding such as rhyming words (shallow) and another part of the task was based on semantic coding (deep). Findings of this study also confirmed that participants score higher when information has been processed at a deeper level.

Aim
The aim of this study is to investigate if participants will have more successful recognition of the words that they have processed on a deeper level.

Hypothesis
In this study, the expected findings are that participants will recognise more of the words from the deep processing sentences followed by the intermediate and will then score the lowest in the shallow processing sentences and this will support the earlier research of Craik and Tulving (1975)

Methodology

Design
This study was a related subject design. The independent variable of this study was the level of processing which involved three categories shallow, intermediate and deep. The dependant variable was the score of how many words were recognised. The present study was an incidental learning task as the participants were unaware that they would be given a recognition task after the first task. It was presumptive consent from the students that had attended the lecture that day. Standardised instructions were provided. Gender and age were provided by participants and for the purpose of anonymity no names or identification numbers were recorded.
Participants
In this study there were 19 participants, it was an opportunity sample of students that had attended a year 5 psychology lecture at a West Wales University. The age range was between 19 and 48 years old and there were 5 males and 14 females. The students were naïve to the study as they were not informed that that they would be listing the words they remembered after completing the initial yes/no task.
Materials
The materials used in this study were two A4 sheets of paper the first was numbered 1-45 with an option of a yes or no answer. (see appendix 1) The second had a list of words on that the participant was asked to tick next too if they recognised the word from the sentences task they had just completed. (see appendix 2) a pc and projector were used to display questions on the lecture room board and all participants had a pen.

Procedure
(see appendices 5)

Results
This section presents the findings of this study which were the shallow, intermediate and deep levels of processing.
The results of the three conditions are presented in table 1 below.
Table 1 
The mean and standard deviation of the three conditions shallow, intermediate and deep.
	Condition

	Mean
	SD

	Shallow               
Intermediate    
Deep                
	3.89
5.15
10.37
	2.97
3.76
2.77



Table 1 shows that the mean time was highest for the deep condition.
To find out if the differences in means were significant, data was analysed using a one- way anova because there were 3 conditions.
A way one anova test and a Bonferroni post hoc test indicated that the difference in words recognised between the shallow and intermediate conditions were not significant. The test showed that the difference between the shallow and deep conditions were statistically significant and the difference between the intermediate and deep condition were statistically significant.
F(2,36) 52.124, p<0.05
The predicted hypothesis was that participants would recognise more of the words that they had processed on a deeper level, then the intermediate level and the lowest score would be found in the shallow level, the findings did support this, however the hypothesis is partially supported due to not finding a significant difference between every level as hypothesised.
Discussion
This study aimed to be a partial replication of Craik and Tulving (1975) research and to explore the theory of levels of processing put forward by Craik and Lockhart (1972). The hypothesis for this study was that the participants would score highest in the deep processing questions, lower in the in intermediate and then lowest in the shallow questioning. Although the mean displays this pattern in the results we have only partially supported our hypothesis as a significant difference was found between the shallow-deep and the intermediate-deep however not between shallow-intermediate. The levels of processing theory has remained critical in investigating how people use their memory and can explain how significant and traumatic events can be remembered easily as they have been processed on a deeper level.
Implications of this study are in relation to the education system, techniques such as revising for exams could be revaluated and altered to achieve deeper processing of information for better exam results to be achieved. A limitation of this study was the possibility that the shallow and intermediate categories did not differ enough for a significant difference to be found. This study can support further research conducted by Lockhart and Craik (1990) where they suggested that the original theory may have been oversimplified as it is difficult to tell if a person has used some level of deeper processing while answering the shallow and intermediate questions. Lockhart and Craik (1990) then suggested that shallow processing will not always lead to rapid forgetting.
In conclusion this study supported the earlier findings of Craik and Lockhart (1972) and Craik and Tulving (1975) that participants would score higher when the information was processed on a deeper level. Regarding future research it would be beneficial to investigate the levels of processing from a biological point of view to try and gain a true measure of levels of processing.
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Appendices
1, yes and no sheet 
2, word answer sheet
3, raw data
4, spss output
5, procedure 

1,
Put a cross on YES or NO in response to what you see on the screen 
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2,
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





3,

                  Shallow                intermediate                deep            
1,                   1                              0                             8
2,                   5                              13                           14
3,                   1                              1                             8
4,                   6                              9                             15
5,                   12                            8                             11
6,                   2                              3                             12
7,                   6                              8                             12
8,                   6                              7                             13
9,                   8                              10                           12
10,                 5                              10                           14
11,                 5                              1                              6
12,                 0                              3                              9
13,                 3                              3                              13
14,                 4                              5                              8
15,                 3                              4                              6
16,                 2                              6                             10
17,                 2                              1                             10
18,                 0                              5                              8
19,                 3                              1                              8


4,	







General Linear Model



	Within-Subjects Factors

	Measure:   MEASURE_1  

	lop
	Dependent Variable

	1
	shallow

	2
	intermediate

	3
	deep




	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	shallow
	3.8947
	2.97946
	19

	intermediate
	5.1579
	3.76037
	19

	deep
	10.3684
	2.77310
	19



	Multivariate Testsa

	Effect
	Value
	F
	Hypothesis df
	Error df
	Sig.

	lop
	Pillai's Trace
	.859
	51.987b
	2.000
	17.000
	.000

	
	Wilks' Lambda
	.141
	51.987b
	2.000
	17.000
	.000

	
	Hotelling's Trace
	6.116
	51.987b
	2.000
	17.000
	.000

	
	Roy's Largest Root
	6.116
	51.987b
	2.000
	17.000
	.000



	Multivariate Testsa

	Effect
	Partial Eta Squared
	Noncent. Parameter
	Observed Powerc

	lop
	Pillai's Trace
	.859
	103.975
	1.000

	
	Wilks' Lambda
	.859
	103.975
	1.000

	
	Hotelling's Trace
	.859
	103.975
	1.000

	
	Roy's Largest Root
	.859
	103.975
	1.000



	a. Design: Intercept 
 Within Subjects Design: lop

	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

	lop
	.964
	.628
	2
	.731
	.965



	Mauchly's Test of Sphericitya

	Measure:   MEASURE_1  

	Within Subjects Effect
	Epsilon

	
	Huynh-Feldt
	Lower-bound

	lop
	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

	a. Design: Intercept 
 Within Subjects Design: lop

	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.

	lop
	Sphericity Assumed
	447.474
	2
	223.737
	52.124
	.000

	
	Greenhouse-Geisser
	447.474
	1.930
	231.847
	52.124
	.000

	
	Huynh-Feldt
	447.474
	2.000
	223.737
	52.124
	.000

	
	Lower-bound
	447.474
	1.000
	447.474
	52.124
	.000

	Error(lop)
	Sphericity 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
	
	



	Tests of Within-Subjects Effects

	Measure:   MEASURE_1  

	Source
	Partial Eta Squared
	Noncent. Parameter
	Observed Powera

	lop
	Sphericity Assumed
	.743
	104.248
	1.000

	
	Greenhouse-Geisser
	.743
	100.601
	1.000

	
	Huynh-Feldt
	.743
	104.248
	1.000

	
	Lower-bound
	.743
	52.124
	1.000

	Error(lop)
	Sphericity Assumed
	
	
	

	
	Greenhouse-Geisser
	
	
	

	
	Huynh-Feldt
	
	
	

	
	Lower-bound
	
	
	



	a. Computed using alpha = .05




	Tests of Within-Subjects Contrasts

	Measure:   MEASURE_1  

	Source
	lop
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	lop
	Linear
	398.132
	1
	398.132
	83.946
	.000

	
	Quadratic
	49.342
	1
	49.342
	12.842
	.002

	Error(lop)
	Linear
	85.368
	18
	4.743
	
	

	
	Quadratic
	69.158
	18
	3.842
	
	



	Tests of Within-Subjects Contrasts

	Measure:   MEASURE_1  

	Source
	lop
	Partial Eta Squared
	Noncent. Parameter
	Observed Powera

	lop
	Linear
	.823
	83.946
	1.000

	
	Quadratic
	.416
	12.842
	.923

	Error(lop)
	Linear
	
	
	

	
	Quadratic
	
	
	



	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

	Intercept
	2388.789
	1
	2388.789
	107.979
	.000
	.857

	Error
	398.211
	18
	22.123
	
	
	



	Tests of Between-Subjects Effects

	Measure:   MEASURE_1  

	Transformed Variable:   Average  

	Source
	Noncent. Parameter
	Observed Powera

	Intercept
	107.979
	1.000

	Error
	
	



	a. Computed using alpha = .05






Estimated Marginal Means



	1. Grand Mean

	Measure:   MEASURE_1  

	Mean
	Std. Error
	95% Confidence Interval

	
	
	Lower Bound
	Upper Bound

	6.474
	.623
	5.165
	7.783







2. lop



	Estimates

	Measure:   MEASURE_1  

	lop
	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




	Pairwise Comparisons

	Measure:   MEASURE_1  

	(I) lop
	(J) lop
	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.
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                                                                        Multivariate Tests

	
	Value
	F
	Hypothesis df
	Error df
	Sig.
	Partial Eta Squared

	Pillai's trace
	.859
	51.987a
	2.000
	17.000
	.000
	.859

	Wilks' lambda
	.141
	51.987a
	2.000
	17.000
	.000
	.859

	Hotelling's trace
	6.116
	51.987a
	2.000
	17.000
	.000
	.859

	Roy's largest root
	6.116
	51.987a
	2.000
	17.000
	.000
	.859



	Multivariate Tests

	
	Noncent. Parameter
	Observed Powerb

	Pillai's trace
	103.975
	1.000

	Wilks' lambda
	103.975
	1.000

	Hotelling's trace
	103.975
	1.000

	Roy's largest root
	103.975
	1.000



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

	a. Exact statistic

	b. Computed using alpha = .05
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5, 
Procedure 
[bookmark: _GoBack]This was a laboratory experiment and all participants took part in three conditions. The students were provided with standardised instructions, informed that for the purpose of anonymity no personal details would be requested other than age and gender and it was explained to them that they had the right to withdraw at any time during the experiment. The participants were shown 45 questions with 2.25 seconds between each one. The questions were displayed with a projector onto the lecture room board. Participants were asked to circle yes or no to the following questions.15 questions were asking if a word was in capital letters (shallow), 15 were asking if a word rhymed with another word (intermediate) and the other 15 were asking if a word fitted into the given sentence (deep). After this part of the task was complete the participants were given a sheet of paper containing 105 words split into 3 columns of 35 words and were asked to put a cross by any words they could recognise from the initial task, participants were given 3 minutes to complete the second part of the task. When task 2 had been completed all data was collected for analysis using a one-way anova test and all participants that took part in the study were debriefed.











