MULTITASKING
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Multitasking
Do you text-message during lectures?  Do you talk on your cell phone while driving?  Think about it.  Can you accomplish either of these sets of tasks well, or is there a cost involved with dividing attention?  
Technically, multitasking involves switching from one task to another to accomplish both jobs within a specified time period.  A closely related construct is dual tasking, where two tasks are performed in parallel (Logie, Law, Trawley, & Nissan, 2010). Laypeople typically use the term multitasking to describe both types of processing.  Regardless of the terminology used, when more than one task requires monitoring, attention is undoubtedly divided. Yet, people often feel that productivity is enhanced and time is saved by performing several tasks at once. Recent research yields findings that are contradictory to these assumptions. Bowman and colleagues (2010) conducted an experiment to discover that those who instant message while studying need significantly more time to achieve the same performance level as peers, even after discounting the time spent instant messaging. An exploratory survey found that students using popular social networking tools have lower grade point averages than nonusers (Kirschner & Karpinski, 2010). 
Experiments can be designed to quantify the sacrifices that occur while dual tasking.  Single task conditions (such as concentrating on driving alone) can be compared to dual task conditions (like driving while listening to a podcast) to see if the two are measurably different.  Dual tasking can be studied from a number of vantage points, two of which will be covered here: (a) manipulating the type of input necessary for task completion and (b) examining the relative difficulty of the tasks.  
The form of processing required for a given task refers to the type of input.  For example, when people talk to us, the input is auditory.  In the popular working memory theory, mental energy is allocated to cognitive subsystems with different jobs: verbal tasks are processed through something called the phonological loop and visual images are processed via the visuospatial sketchpad (Baddeley, 1983).  Working memory theory tells us that there is a limited amount of thinking space, or capacity, available for cognitive processing.  Simultaneous auditory-linguistic tasks may thus surpass the available capacity of the phonological loop; and similarly, two visually-based tasks could overwhelm the visuospatial sketchpad (Cocchini, Logie, Della Sala, MacPherson & Baddeley, 2002; Oberauer & Kliegl, 2006).  Given this theoretical interpretation, dual tasking should result in performance deficits, particularly when the nature of the two tasks is similar or involves the same type of cognitive processing.  
Task difficulty can also be manipulated during experiments.  Some tasks are inherently more automatic and routine, requiring very little monitoring (like chewing gum).  Other tasks are novel and require high monitoring.  In fact, the same activity (such as holding a conversation) can vary in the level of monitoring needed.  A casual conversation with a close friend requires little cognitive energy whereas a discussion with your tutor about the astrophysics lecture you missed could be mentally taxing.  It makes sense that it would be easier to dual task when you are juggling two routine tasks than when you have to deal with any novel ones. 
Driving a car can be routine when taking a familiar route during low traffic conditions.  Driving can alternatively require high monitoring, such as driving on a busy road or when crossing intersections during a rain storm.  The fact is, however, that people do not just concentrate on their driving when they are behind the wheel.  They are also thinking about what they will do when they get to their destination, they are listening to their radios, and sometimes, they are talking on their cell phones.  A review of the literature concerning drivers holding cell phone conversations shows that this type of dual tasking increases the chance of accidents (Beede & Kass, 2005; Mccartt, Hellinga, & Bratiman, 2006).  It appears that the cell phone conversation itself causes problems in monitoring driving performance.  In other words, poorer driving seems to occur both with hand-held devices and hands-free phones.  This revelation begs the question of whether or not having conversations with people inside of the car can cause decrements in the driver’s performance as well.  
A study by Becic and colleagues (2010) examined how listening to and retelling stories while driving could impact both safe driving indicators and the ability to recall the stories.  Participants listened to an auditory message in the form of a short story while they were driving (in a driving simulator) and were asked to retell the story and later answer questions about it.  In addition to story memory performance, various measures were taken while driving, including speed, braking distance, and position in the lane.  Let’s take the one variable of braking distance.  Drivers who were engaged in the story retelling task braked closer to the stop sign than when they were driving in silence.  Alternatively, participants who were not driving were more accurate in retelling the stories than those who were dual tasking (driving while recalling the story).  The researchers concluded that driving impairs effective conversation, and vice versa.    
Method

This experiment was designed to examine whether studying for a test while driving can be effective.  The experimental question was, “ Is there a performance difference between two groups in the ability to encode new words and their definitions?”  Group 1 listened to a CD providing definitions of words for a foreign language test (single task), and group 2 listened to the same CD while driving to a designated location on campus (dual task).  All participants heard the same audio.  So that pre-existing foreign word knowledge did not play a role in the findings, the 10 words were actually pseudo-words, or fake words with made-up definitions (e.g., proctopado: a restaurant with both carry out and dining-in options).  After the study period, students completed a multiple choice exam that provided five somewhat similar alternate choices for defining each word.  There was only one correct response for each, so the score on the test ranged from 0 to 10 correct (dependent variable name = wordscore).  Which group do you think performed best on the foreign language test?  Use the Multitasking SPSS file to respond to the Multitasking Statistics Questions.  To further explore the topic of dual tasking/multitasking and apply it to everyday life, Appendices A and B contain discussion questions and a suggested reading.  
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Statistical Questions about the Multitasking Experiment
1. What was the average age of participants in the study?

2. Is there a correlational relationship between SATverbal scores and/or SATmath scores with the dependent variable?  Describe the nature of any relationships found.

3. Do males and females in this sample differ in their SAT scores?

4. Compute the 2 X 2 ANOVA to examine if there is a group difference (single/dual task) and/or a sex difference (male/female) in the dependent variable wordscore.  Explain the findings in words. 
5. SPSS standardly provides partial eta squared (ηp2), which can be effectively used as an estimate of the effect size. To get ηp2 to display, choose the fixed/independent factors  and the dependent variable, and then click on options; click in front of “Estimates of effect size” and then the continue button. 

Some researchers prefer partial eta squared because its calculation considers both the covariate and error terms. Suggested cut-offs for ηp2 have been offered by Kittler, Menard & Phillips (2007): small effect = 0.01; medium effect = 0.06; and large effect > 0.14.  Looking again at the between-subjects effects, explain the magnitude of the effect found for group and for sex. 
Answers to Statistical Questions 

1. What was the average age of participants in the study?

The average, or mean, age was 19.0 years in this sample.

	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	age
	100
	17.00
	49.00
	19.0000
	3.22553

	Valid N (listwise)
	100
	
	
	
	


2. Is there a correlational relationship between SATverbal scores and/or SATmath scores with the dependent variable?  Describe the nature of any relationships found.

No, while SAT scores correlate with each other, r = .363, there is no statistical relationship between SAT scores and the ability to retain pseudoword definitions heard once. The detected relationship indicates that as one’s verbal SAT score increases, so does the likelihood that his math SAT score will be higher.
	Correlations

	
	
	SATverbal
	SATmath
	wordscore

	SATverbal
	Pearson Correlation
	1
	.363**
	.150

	
	Sig. (2-tailed)
	
	.000
	.136

	
	N
	100
	100
	100

	SATmath
	Pearson Correlation
	.363**
	1
	.009

	
	Sig. (2-tailed)
	.000
	
	.931

	
	N
	100
	100
	100

	wordscore
	Pearson Correlation
	.150
	.009
	1

	
	Sig. (2-tailed)
	.136
	.931
	

	
	N
	100
	100
	100

	


3. Do males and females in this sample differ in their SAT scores?

There are no sex differences in SAT scores, and therefore, there is no need to use SAT scores as covariates. For Verbal SAT, the p value for sex is .991, and it can be seen that the means are nearly the same. With regard to Math SAT score, there is no sex difference as shown by the p value for sex being .169. 

Tests of Between-Subjects Effects with Dependent Variable SATverbal

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

	Corrected Model
	.760a
	1
	.760
	.000
	.991

	Intercept
	2.951E7
	1
	2.951E7
	4983.414
	.000

	sex
	.760
	1
	.760
	.000
	.991

	Error
	580370.240
	98
	5922.145
	
	

	Total
	3.395E7
	100
	
	
	

	Corrected Total
	580371.000
	99
	
	
	

	

	

	sex
	Mean
	Std. Deviation
	N

	male
	577.5758
	77.01584
	33

	female
	577.7612
	76.92619
	67

	Total
	577.7000
	76.56588
	100


	Tests of Between-Subjects Effects Dependent Variable SATmath

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

	Corrected Model
	5966.270a
	1
	5966.270
	1.923
	.169

	Intercept
	2.898E7
	1
	2.898E7
	9340.366
	.000

	sex
	5966.270
	1
	5966.270
	1.923
	.169

	Error
	304017.730
	98
	3102.222
	
	

	Total
	3.275E7
	100
	
	
	

	Corrected Total
	309984.000
	99
	
	
	

	

	sex
	Mean
	Std. Deviation
	N

	male
	580.6061
	61.79297
	33

	female
	564.1791
	52.48807
	67

	Total
	569.6000
	55.95669
	100


4. Compute the 2 X 2 ANOVA to examine if there is a group difference (single/dual task) and/or a sex difference (male/female) in the dependent variable wordscore.  Explain the findings in words. 

According to the output, there is a sex difference on wordscore (p = .047), with females scoring 6.162 and males scoring 5.625, on average. Group membership revealed a difference (p < .001), with higher scores on the single task (6.878) than on the dual task (4.908). A sex by group interaction is also present (p = .004), showing an interesting relationship between the two independent variables.  
There is a negligible performance difference between the males and females in the single task condition. However, males tended to show a greater performance decrement than females when driving while trying to learn pseudoword definitions.  [Recall that this study is manufactured, and that the data is made-up. These results may or may not be found if the proposed experiment were run.]
	Tests of Between-Subjects Effects

	Dependent Variable:wordscore

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	Corrected Model
	100.583a
	3
	33.528
	22.056
	.000
	.408

	Intercept
	2967.194
	1
	2967.194
	1952.001
	.000
	.953

	sex
	6.152
	1
	6.152
	4.047
	.047
	.040

	group
	82.892
	1
	82.892
	54.531
	.000
	.362

	sex * group
	12.993
	1
	12.993
	8.547
	.004
	.082

	Error
	145.927
	96
	1.520
	
	
	

	Total
	3763.000
	100
	
	
	
	

	Corrected Total
	246.510
	99
	
	
	
	

	a. R Squared = .408 (Adjusted R Squared = .390)


	

	sex
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	male
	5.625
	.220
	5.189
	6.061

	female
	6.162
	.151
	5.861
	6.462


	

	

	group
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	single task
	6.878
	.199
	6.484
	7.273

	dual task
	4.908
	.178
	4.555
	5.262


	sex
	group
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	
	Lower Bound
	Upper Bound

	male
	single task
	7.000
	.342
	6.321
	7.679

	
	dual task
	4.250
	.276
	3.703
	4.797

	female
	single task
	6.757
	.203
	6.354
	7.159

	
	dual task
	5.567
	.225
	5.120
	6.013


5. Looking again at the between-subjects effects, explain the magnitude of the effect found for group and for sex. 
Partial eta squared (ηp2) values indicate a large effect of group membership and a small to moderate sized effect for sex of subject.
Appendix A: Multitasking Discussion/Essay Questions

1. How come listening to a friend’s comments while looking at artwork can be accomplished with ease but reading a recipe while talking on the phone cannot be accomplished as effectively?

2. Make an argument for why texting in class might lead to gaps in notes, and ultimately, to lower grades.  

3. Think about when you were first learning to drive.  Why was it particularly difficult to multitask as a novice driver?  Similarly, why might children be poorer multitaskers than adults? 

4. Brainstorm about some types of dual tasking that you do. Try to order them from easiest to manage to hardest to manage (and possibly dangerous). Discuss in groups.

Appendix A continued: Answers to Multitasking Discussion/Essay Questions

1. How come listening to a friend’s comments while looking at artwork can be accomplished with ease but reading a recipe while talking on the phone cannot be accomplished as effectively?

Students can cover the fact that listening and looking require different input modalities (auditory and visual) whereas carrying on a conversation and reading both require language comprehension.  Working memory capacity limitations do not allow for two similar tasks to be accomplished as effectively as two dissimilar tasks.   

2. Make an argument for why texting in class might lead to gaps in notes, and ultimately, to lower grades.  

There is some sacrifice in this type of dual task. At the very least, taking notes cannot be performed as effectively, or as rapidly, when texting is in progress. Details would be missed at times, particularly because texting and writing both require motor responses that are each typically performed with the dominant hand.  Receiving text messages also interrupts people in their thought process, so receiving the signal that a text has arrived in and of itself could derail the ability to understand components of a lecture.

3. Think about when you were first learning to drive.  Why was it particularly difficult to multitask as a novice driver?  Similarly, why might children be poorer multitaskers than adults? 

Students should discuss the concept of novelty and the need for greater apportionment of attention in order to accomplish a newly learned task. As a task becomes more routine, it can be accomplished with less monitoring because it comes almost naturally and automatically. 

4. Brainstorm about some types of dual tasking that you do. Try to order them from easiest to manage to hardest to manage (and possibly dangerous). Discuss in groups.

Listening to music while getting ready for class

Talking on the phone while walking 

Instant messaging while searching for resources for a term paper

Checking facebook feeds while reading textbook

Writing English paper or lab report while watching favorite TV show

Texting while driving

Appendix B: Suggested Multitasking Reading

Becic, E., Dell, G. S., Bock, K., Garnsey, S.M., Kubose, T. & Kramer, A.F. (2010). Driving impairs talking. Psychonomic Bulletin & Review, 17(1), 15-21.  

This article is a relatively brief report, which shows how a well thought out research design is vital.  A class discussion can ensue about the complexity of experimentation and how controlled variables lend greater interpretive power to the researcher. Additionally, the article presents variables that are not reviewed in the “Multitasking” reading. Students can be asked to discuss or write about the impact of age on dual tasking.  In Becic et al., the participants were divided into two groups (i.e., younger adults with an average age of 20 and older adults with an average age of 71).  

(1) What age differences were discovered?  

(2) What are the real world implications of these findings?  
(3) Explain the design for a follow-up study that would answer a question that remains unanswered by the Becic et al. experiment.
Appendix B continued: Answers to Questions about the Suggested Reading

1. What age differences were discovered?  

Older drivers drove more slowly, braked farther from stop signs, and took longer to cross intersections. In general, older drivers were cautious and defensive in their style.  
2. What are the real world implications of these findings?  
While both older and younger adults can recall stories better during single task conditions, older participants fare worse in the dual task condition than their younger counterparts. They were poorer at retelling the stories. They instead concentrated on their driving as the primary task at hand. This means that if you really want grandma (or anyone, for that matter) to really retain what you are saying, it is better to talk with her when she is not concentrating on another task.     
3. Explain the design for a follow-up study that would answer a question that remains unanswered by the Becic et al. experiment.

Responses could vary considerably, depending upon the question at hand and the student’s knowledge of research design.
