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Abstract
Many studies have found evidence of the context-dependent memory effect.  The purpose of this study was to find out whether the context-dependent memory effect would hold when the contrasting contexts were indoors and outdoors.  In a recall experiment, participants learned lists of words in an indoors environment.  They later recalled the words in the same environment of original learning (indoors), but also in an alternative environment (outdoors).  On average, lists learnt indoors were better recalled indoors than outdoors, but the different was not significant enough for the null hypothesis to be rejected. 

Memory retrieval can be promoted by reproducing the context in which the memory was encoded. Such conditions include company, hearing a certain song, smelling a particular odour and the environment.  This is known as the context-dependent memory effect.  Grant et al (1998) indicated that the context-dependent memory effect occurs when there is a higher level of achievement in a memory test when the test is conducted under the same conditions in which the material was originally studied (the matching condition) than when the test occurs under different conditions (the non-matching condition). 
Studies on the effects of environmental context on memory dates back to Carr (1925), who analysed influences of incidental environmental manipulations on maze running in rats.  Since then, various studies on the contextual effects on memory have been published, many of which have provided evidence to support context-dependent  memory effects.  Such studies have been published by Abernathy; 1940, Gordon and Baddeley; 1975, Jerabek & Standing; 1992.
Abernathy (1940) reported that one group of students who learned and recalled in the same room did significantly better than a second group who learned in one room and then recalled in another.  Similarly, Gordon and Baddeley (1975) found that participants who learned words underwater recalled more words underwater than if they were asked to recall them on land.  More recently Jerabek and Standing (1992) found that students doing an exam in a different room from where they learned the information, did better in the exam when they mentally imagined their classroom.  
This experiment sought to find out whether the context-dependent memory effect would hold when the contrasting contexts were indoors and outdoors.  It was predicted that more words would be recalled indoors than outdoors.   The null hypothesis (H0) was that there would be no difference in the amount of recalled words.  The alternative hypothesis (H1) was that there would be a difference.  
Method
Participants
Two hundred and nine members of a psychology class served as participants, ranging in age from 18 to 45 years (M = 22, SD = 5.4), and there were 97 males and 112 females.
Design
A within subjects design was used; the same group was exposed to two different conditions, indoors and outdoors, at different times.  The independent variable was the condition in which the words were recalled, whilst the dependent variable; what was being measured, was the number of correct words recalled. 
Materials

Equipment for the experiment included an individual response sheet used to record the age, sex and number of correct words remembered by each participant.  
Procedure

Participants were exposed to a list of 20 words in an indoor classroom setting. They were allocated one minute to memorise the words. Roughly ten minutes later participants were asked to recall the words. In one condition participants recalled the words in the same environment they learned the words (i.e., indoors in the same classroom). In the other condition participants recalled the words in a different environment; in a natural outdoor setting. All participants completed both conditions. The order of the conditions was equivalent between classroom groups, so that some participants completed the non-matching context condition first, while others completed the matching condition first.  Participants individually recorded the number of words recalled in each condition.

Results

Mean recall scores and standard deviations are shown in Table 1.

Table 1 Results for Matching and Non-Matching Conditions 
	Recall environment
	Mean recall score 
	 SD

	Matching
	7.36
	3.46

	Non-matching 
	7.16
	3.42


Results showed that the number of words recalled in the non-matching condition were lower (M = 7.1366, SD = 3.42008) than those recalled in the matching condition (M = 7.38, SD = 3.47).  However, a within-subjects t-test indicated that this difference was not significant (t(204) = 0.98, p = .327).
An independent samples t test was used to compare the average number of words recalled in the matching condition by gender.  Levene’s test was not significant so equal variances can be assumed.  Results showed that on average females (M = 7.81, SD = 3.48) recalled more words in the matching condition than males (M = 6.83, SD = 3.39).  An independent samples t test indicated that the difference between the groups was significant, t(205) = -2.05, p = .042
An independent samples t test was used to compare the average number of words recalled in the non-matching condition by gender. Levene’s test was not significant so equal variances can be assumed.  Results showed that on average females (M = 7.72, SD = 3.20) recalled more words in the non-matching condition than males (M = 6.51, SD = 3.57).  An independent samples t test indicated that the difference between the groups was significant, t(204) = -2.56, p = .011
Discussion

The aim of the experiment was to see whether the context-dependent memory effect would hold when the contrasting contexts were indoors and outdoors.  Scores obtained under the non-matching condition were lower than those obtained in the matching condition.  However, a within-subjects t-test found the p-value to be greater than .05.  Therefore, the null hypothesis (H0); that there would be no difference in the amount of recalled words, was retained, and the alternative hypothesis (H1); that there would be a difference, was rejected because the results could have been due to chance.  There are two possible reasons for the decreased results recorded under the non-matching condition; noise and temperature.  
Substantial background noise from bystanders walking to and from class in the non-matching environment persisted at a relatively constant rate throughout the experiment.  Contrastingly, the matching indoors condition remained silent throughout its entirety.  In their context-dependent memory study, Gordon and Baddeley (1975) reported that background noise from other diving groups may have resulted in lower recall scores.  Hence, in this experiment; the recall ability of participants in the non-matching condition may have been impaired by noise.  However a more recent study conducted by Grant et al (1998) in which participants read and later comprehended an article in silent or noisy conditions, found no overall main effect of noise on performance.     
The experiment was conducted during August in Canberra with a mean maximum (daytime) temperature of 14.5°C (Bureau of Meteorology, 2009).  The temperature under the non-matching condition was significantly lower than that of the matching condition.  After investigating the effect of temperature on memory using a sample of rats, Batra and Garg (2005) found the optimal condition for learning and memory to be 250C.  The heated classroom in the matching condition was much closer to this optimal temperature than the outdoors non-matching condition.  Therefore, the temperature may have inadvertently acted as a confounding variable correlating both positively and negatively with the dependant variable as the independent variable was changed.  This presents a potentially major threat to the validity of the experiment.
The experiment used a within subjects design, as selected by Godden and Baddeley (1975) in their land and underwater study.  However; as they participated in both conditions, participants may have understood the goal of the experiment.  Consequently they may have intentionally recalled either fewer or more words, perhaps even at a subconscious level.  This is a potential threat to the internal validity of the study that could have been removed by adopting a between subjects design.
An inadvertent observation from the experiment was that scores obtained by females under the matching and non-matching conditions were higher than that of males. Using two independent sample t tests the p-values in both contexts were found to be less than .05.  Therefore, the average number of words recalled by females was significantly higher than males under both conditions. 

Although researchers such as Abernathy; 1940, Gordon and Baddeley; 1975, Jerabek and Standing; 1992, have found evidence to support context-dependent memory effects, some experiments; such as this research paper, have not.  Johnson and Miles (2008) investigated the basis of the chewing gum induced context memory effect.  They found no context-dependent memory effect with either flavourless or mint-flavoured gum.  In a larger, more encompassing study, Smith and Vela (2001) reviewed 75 studies from 1935 to 1997 that reported incidental environmental context-dependent memory effects.  Although the majority of studies investigated supported the hypothesis that environmental context effects are reliable, some failed to find any.  This suggests that not all contexts can sufficiently induce the context-dependent memory effect.  Future studies should explore and understand the nature of contexts that are capable of inducing the context-dependent memory effect.
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Appendices

Output A: Method > Participants – mean, SD and min + max.
FREQUENCIES VARIABLES=Age Gender   /STATISTICS=STDDEV RANGE MINIMUM MAXIMUM MEAN   /ORDER=ANALYSIS.
Frequencies
	Notes

	Output Created
	27-Sep-2009 15:04:16

	Comments
	

	Input
	Data
	C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav

	
	Active Dataset
	DataSet1

	
	Filter
	<none>

	
	Weight
	<none>

	
	Split File
	<none>

	
	N of Rows in Working Data File
	209

	Missing Value Handling
	Definition of Missing
	User-defined missing values are treated as missing.

	
	Cases Used
	Statistics are based on all cases with valid data.

	Syntax
	FREQUENCIES VARIABLES=Age Gender

  /STATISTICS=STDDEV RANGE MINIMUM MAXIMUM MEAN

  /ORDER=ANALYSIS.



	Resources
	Processor Time
	0:00:00.000

	
	Elapsed Time
	0:00:00.000


[DataSet1] C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav
	Statistics

	
	
	Age in years
	Gender

	N
	Valid
	205
	209

	
	Missing
	4
	0

	Mean
	22.0000
	.5359

	Std. Deviation
	5.39335
	.49991

	Range
	27.00
	1.00

	Minimum
	18.00
	.00

	Maximum
	45.00
	1.00


Frequency Table
	Age in years

	
	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	18.00
	40
	19.1
	19.5
	19.5

	
	19.00
	49
	23.4
	23.9
	43.4

	
	20.00
	31
	14.8
	15.1
	58.5

	
	21.00
	16
	7.7
	7.8
	66.3

	
	22.00
	18
	8.6
	8.8
	75.1

	
	23.00
	9
	4.3
	4.4
	79.5

	
	24.00
	2
	1.0
	1.0
	80.5

	
	25.00
	7
	3.3
	3.4
	83.9

	
	26.00
	2
	1.0
	1.0
	84.9

	
	27.00
	3
	1.4
	1.5
	86.3

	
	28.00
	5
	2.4
	2.4
	88.8

	
	29.00
	2
	1.0
	1.0
	89.8

	
	30.00
	3
	1.4
	1.5
	91.2

	
	31.00
	2
	1.0
	1.0
	92.2

	
	32.00
	1
	.5
	.5
	92.7

	
	33.00
	3
	1.4
	1.5
	94.1

	
	34.00
	1
	.5
	.5
	94.6

	
	35.00
	2
	1.0
	1.0
	95.6

	
	36.00
	1
	.5
	.5
	96.1

	
	37.00
	1
	.5
	.5
	96.6

	
	39.00
	3
	1.4
	1.5
	98.0

	
	40.00
	2
	1.0
	1.0
	99.0

	
	44.00
	1
	.5
	.5
	99.5

	
	45.00
	1
	.5
	.5
	100.0

	
	Total
	205
	98.1
	100.0
	

	Missing
	9999.00
	4
	1.9
	
	

	Total
	209
	100.0
	
	


	Gender

	
	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	Valid
	Male
	97
	46.4
	46.4
	46.4

	
	Female
	112
	53.6
	53.6
	100.0

	
	Total
	209
	100.0
	100.0
	


Output B: Results - mean and SD for matching and non-matching conditions – Table 1
DESCRIPTIVES VARIABLES=Matching Non-matching   /STATISTICS=MEAN STDDEV.
Descriptives
	Notes

	Output Created
	27-Sep-2009 14:54:27

	Comments
	

	Input
	Data
	C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav

	
	Active Dataset
	DataSet1

	
	Filter
	<none>

	
	Weight
	<none>

	
	Split File
	<none>

	
	N of Rows in Working Data File
	209

	Missing Value Handling
	Definition of Missing
	User defined missing values are treated as missing.

	
	Cases Used
	All non-missing data are used.

	Syntax
	DESCRIPTIVES VARIABLES=Matching Non-matching
  /STATISTICS=MEAN STDDEV.



	Resources
	Processor Time
	0:00:00.015

	
	Elapsed Time
	0:00:00.016


[DataSet1] C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav
	Descriptive Statistics

	
	N
	Mean
	Std. Deviation

	Number of words recalled in the matching condition
	207
	7.3623
	3.46398

	Number of words recalled in the non-matching condition
	206
	7.1553
	3.42233

	Valid N (listwise)
	205
	
	


Output C: Results – paired samples t test to test hypothesis
T-TEST PAIRS=Matching WITH Non-matching (PAIRED)   /CRITERIA=CI(.9500)   /MISSING=LISTWISE.
T-Test
	Notes

	
	Output Created
	27-Sep-2009 15:06:54

	
	Comments
	

	Input
	Data
	C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav

	
	Active Dataset
	DataSet1

	
	Filter
	<none>

	
	Weight
	<none>

	
	Split File
	<none>

	
	N of Rows in Working Data File
	209

	Missing Value Handling
	Definition of Missing
	User defined missing values are treated as missing.

	
	Cases Used
	Statistics for each analysis in a list are based on the cases with no missing or out-of-range data for any variable in that list

	
	Syntax
	T-TEST PAIRS=Matching WITH Non-matching (PAIRED)

  /CRITERIA=CI(.9500)

  /MISSING=LISTWISE.



	Resources
	Processor Time
	0:00:00.000

	
	Elapsed Time
	0:00:00.109


[DataSet1] C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav
	Paired Samples Statistics

	
	
	Mean
	N
	Std. Deviation
	Std. Error Mean

	Pair 1
	Number of words recalled in the matching condition
	7.3805
	205
	3.46716
	.24216

	
	Number of words recalled in the non-matching condition
	7.1366
	205
	3.42008
	.23887


	Paired Samples Correlations

	
	
	N
	Correlation
	Sig.

	Pair 1
	Number of words recalled in the matching condition & Number of words recalled in the non-matching condition
	205
	.467
	.000


	Paired Samples Test

	
	
	Paired Differences

	
	
	

	
	
	Mean
	Std. Deviation
	Std. Error Mean

	Pair 1
	Number of words recalled in the matching condition - Number of words recalled in the non-matching condition
	.24390
	3.55476
	.24828


	Paired Samples Test

	
	
	Paired Differences

	
	
	95% Confidence Interval of the Difference

	
	
	Lower
	Upper

	Pair 1
	Number of words recalled in the matching condition - Number of words recalled in the non-matching condition
	-.24561
	.73342


	Paired Samples Test

	
	
	

	
	
	

	
	
	t
	df
	Sig. (2-tailed)

	Pair 1
	Number of words recalled in the matching condition - Number of words recalled in the non-matching condition
	.982
	204
	.327


Output D: Results – two separate independent samples t tests to compare words recalled between males and females under both conditions.
T-TEST GROUPS=Gender(0 1)   /MISSING=LISTWISE   /VARIABLES=Matching   /CRITERIA=CI(.95).
T-Test
	Notes

	
	Output Created
	27-Sep-2009 16:07:47

	
	Comments
	

	Input
	Data
	C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav

	
	Active Dataset
	DataSet1

	
	Filter
	<none>

	
	Weight
	<none>

	
	Split File
	<none>

	
	N of Rows in Working Data File
	209

	Missing Value Handling
	Definition of Missing
	User defined missing values are treated as missing.

	
	Cases Used
	Statistics for each analysis in a list are based on the cases with no missing or out-of-range data for any variable in that list

	
	Syntax
	T-TEST GROUPS=Gender(0 1)

  /MISSING=LISTWISE

  /VARIABLES=Matching

  /CRITERIA=CI(.95).



	Resources
	Processor Time
	0:00:00.016

	
	Elapsed Time
	0:00:00.032


[DataSet1] C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav

	Group Statistics

	
	Gender
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Number of words recalled in the matching condition
	Male
	95
	6.8316
	3.38851
	.34765

	
	Female
	112
	7.8125
	3.47846
	.32868


	Independent Samples Test

	
	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	
	
	

	
	
	F
	Sig.
	t

	Number of words recalled in the matching condition
	Equal variances assumed
	.032
	.859
	-2.046

	
	Equal variances not assumed
	
	
	-2.050


	Independent Samples Test

	
	
	t-test for Equality of Means

	
	
	

	
	
	df
	Sig. (2-tailed)
	Mean Difference

	Number of words recalled in the matching condition
	Equal variances assumed
	205
	.042
	-.98092

	
	Equal variances not assumed
	201.089
	.042
	-.98092


	Independent Samples Test

	
	
	t-test for Equality of Means

	
	
	
	95% Confidence Interval of the Difference

	
	
	Std. Error Difference
	Lower
	Upper

	Number of words recalled in the matching condition
	Equal variances assumed
	.47947
	-1.92624
	-.03560

	
	Equal variances not assumed
	.47843
	-1.92430
	-.03754


T-TEST GROUPS=Gender(0 1)   /MISSING=LISTWISE   /VARIABLES=Non-matching   /CRITERIA=CI(.95).

T-Test
	Notes

	
	Output Created
	27-Sep-2009 16:08:17

	
	Comments
	

	Input
	Data
	C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav

	
	Active Dataset
	DataSet1

	
	Filter
	<none>

	
	Weight
	<none>

	
	Split File
	<none>

	
	N of Rows in Working Data File
	209

	Missing Value Handling
	Definition of Missing
	User defined missing values are treated as missing.

	
	Cases Used
	Statistics for each analysis in a list are based on the cases with no missing or out-of-range data for any variable in that list

	
	Syntax
	T-TEST GROUPS=Gender(0 1)

  /MISSING=LISTWISE

  /VARIABLES=Non-matching
  /CRITERIA=CI(.95).



	Resources
	Processor Time
	0:00:00.047

	
	Elapsed Time
	0:00:00.172


[DataSet1] C:\Documents and Settings\Nick\My Documents\Laboratory_Report_Data.sav
	Group Statistics

	
	Gender
	N
	Mean
	Std. Deviation
	Std. Error Mean

	Number of words recalled in the non-matching condition
	Male
	96
	6.5104
	3.56886
	.36424

	
	Female
	110
	7.7182
	3.20015
	.30512


	Independent Samples Test

	
	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	
	
	

	
	
	F
	Sig.
	t

	Number of words recalled in the non-matching condition
	Equal variances assumed
	1.560
	.213
	-2.561

	
	Equal variances not assumed
	
	
	-2.542


	Independent Samples Test

	
	
	t-test for Equality of Means

	
	
	

	
	
	df
	Sig. (2-tailed)
	Mean Difference

	Number of words recalled in the non-matching condition
	Equal variances assumed
	204
	.011
	-1.20777

	
	Equal variances not assumed
	192.494
	.012
	-1.20777


	Independent Samples Test

	
	
	t-test for Equality of Means

	
	
	
	95% Confidence Interval of the Difference

	
	
	Std. Error Difference
	Lower
	Upper

	Number of words recalled in the non-matching condition
	Equal variances assumed
	.47164
	-2.13769
	-.27784

	
	Equal variances not assumed
	.47516
	-2.14495
	-.27058
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