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Abstract

   The emergence of interactive computer skills is becoming a part of everyday economic life in both work and consumer roles. We hypothesize that these interactive skills are, in part, related to more traditional quantitative skills as measured by a standardized test on Applied Problems, a core component in the Woodcock-Johnson tests of ability.  Exposure to interactive computer learning and video games was enhanced substantially as the availability of the internet was added to the ownership of home computers in the latter part of the 1990’s. This role of the internet in increasing computer time of children is confirmed by time diary data in the Child Development Supplement of the Panel Study of Income Dynamics, which was carried out, 1997-2007. The differential access to the internet as of 1997-2002 allows us to identify the impact of the internet on computer use and on traditional quantitative skills and on eventual college attendance. The impact of computer use and gaming on anti-social behavior is also explored.

 


Introduction

The role of skills has received much attention in the understanding of economic growth and the wage structure. In the early Post-War period there is evidence of a payoff to physically demanding jobs (Goldin and Margo, 1992), while, since the mid 1970’s, there has been emphasis of the role of skills in shaping unbalanced growth and relative wages and even real wage declines of less educated workers (Bound and Johnson, 1992; Ingram and Neumann, 2006; Acemoglu and Autor, 2010)
. The specific form of skill receiving the most attention has been quantitative skill.  In this paper we offer evidence for the emergence of and importance of early, inductive skill formation shaped by interactive learning. One route through which these skills are acquired is through exposure to video games and related learning in a wider cognitive concept. We refer to this as Iconic Quantitative Reasoning (IQR), which combines skills in math, and inductive and spatial reasoning. Psychologists have studied this form of cognition (Greenfield, et. al., 1994). In everyday life many activities are carried out increasingly by inductive skills and trial and error; induction is replacing deductive, ‘read-first’ skills.


While such skills can be measured by specifically designed test items, here we rely on what we believe to be two related measures from the Child Development Supplement (CDS) of the Panel Study of Income Dynamics (PSID). These are quantitative skills as measured by the Woodcock-Johnson Applied Problems (AP) test  and self-rated math ability. For youth as of 2002-2008, these are presumed to reflect, in part, the wider domain of inductive quantitative reasoning now becoming pervasive in everyday life.  Yet some of the skills learned via interactive media may be outside the traditional domains of cognitive functioning and thus may not be captured in traditional test scores.  One motivation to understand the factors shaping IQR ability is the on-going shift to more technical and quantitative skills favored in modern labor markets.  Are these new IQR skills of value in progressing through college and into the labor market?  Given the spread of interactive electronic media, new forms of inductive reasoning may be important to both academic and later labor market success. 

 
In terms of human capital, the perspective here is that of heterogeneous human capital. As the demands for specific skills change, the joint effect of the demand and supply conditions will influence earnings. This is implicit in our study, yet exploratory work with the data on adult earnings from the PSID indicates a favorable return to those college graduates who were employed in industries with greater information technology capital (Kim and Stafford, 1999). Here we posit the emergence of a new type of quantitative skill which is correlated with traditional problem solving ability and which is shaping college attendance. In the future we expect it will play a more evident role in the labor market. An aspect which is outside the scope of our current paper is the extent to which a given person’s ability to use a skill relates to others having the same type of skills – close in concept to what is referred to as ‘network externalities’  used in the study of firms in the area of communications (Shapiro and Varian, 1999) .  

       A further question is whether some of the factors leading to IQR skill induce favorable or unfavorable social outcomes. For example, we might suppose that children with greater initial social skills may spend time using social websites, further enhancing these skills. On the other side of the question there is some concern that video games and excessive time with such games may lead to anti-social excessive use in some children. The general, long-standing view has been that only ‘better’ television programming leads to improved cognitive functioning (Liebowitz, 1967) and that violent television content produces – or is at least associated with - antisocial behavior (Christakis and Zimmerman, 2007).

         We explore the connection from time spent using interactive media (as measured by time diaries) to the Behavior Problems Index (BPI), a standard measurement of behavior problems in children. The importance of social skills in the labor market is suggested by recent work with the Health and Retirement Study (HRS) in which conscientiousness is predictive of labor market earnings Need to cite Duckworth and Weir). If IQR ability comes at the expense of such social skills and implication would be a possible negative relationship between IQR and earnings. 
I.  Literature Review

 
While there is on-going interest in factors relating to traditional ability measures, an important question is whether new types of skills are becoming necessary for adulthood success.  The widening role in everyday life and work situations of interactive electronic media creates new types of cognitive demands. In this context, new technologies place increasing demands on an individual’s inductive discovery skills. In both a video game and business software there are few rules that are set out in advance. Mostly, “the rules must be figured out by observation, trial and error and a process of hypothesis testing” (Greenfield et.al., 1994, p. 60) rather than from structured lessons to portray a set of pre-specified rules. In everyday experience users only turn to the user manual as a last resort!   

The pioneering work of Greenfield tested college student’s ability to solve spatial reasoning puzzles of informal scientific discovery as evidence of inductive ability.  The first part of the study tested the impact of different levels of cultural exposure to electronic media while the second uses the experimental method to test the change in inductive ability after a treatment of exposure to 2.5 hours of video game playing.   In the sample for the experiment, those with prior video game experience and men had higher pretest scores.   Some of the sample group was from Rome and some from Los Angeles.  The Los Angeles subjects had higher video game exposure which, it is argued, explained their higher pre-treatment puzzle solving ability. The video gaming treatment improved test performance in all groups, both those with and without previous exposure to video games. Two further studies examine natural experiments to look at the effect of computer and television exposure on children’s test scores.  The first uses a regression discontinuity design to estimate  the impact of a computer voucher program in Romania and suggests that making computers available to low income families in Romania reduced children’s grades in math, English and Romanian, while raising scores on computer skills and general intelligence. (Malamud and Pop-Eleches, 2010)  They claim that, “a number of scholars have argued that the [intelligence] test also measures an important spatial component of ability” (Malamud and Pop-Eleches , 2010, p. 12).  The second study looks at variation in the timing of the introduction of broadcast television to different US cities.  In contrast to prior research (Liebowitz, 1967), it concludes that additional years of preschool television exposure slightly raised teenage standardized test scores (Genkzkow and Shapiro, 2008).  A recent non-experimental study using data from the CPS and the NLSY97 surveys finds that home computer ownership is associated with increased high school graduation rates (Fairlie et al., 2010).

II A Basic Framework

The concept of iconic quantitative reasoning is substantially coincident with traditional applied problem-solving and also will likely be reflected in self-rated math skills, particularly if IQR skills are assessed by the youth and their peers as a form of quantitative skills.  Figure 1 shows the relationship between IQR, Woodcock-Johnson Applied Problems test scores and self-rated math ability.  Without ‘proving’ that video games boost cognitive skills, in non-experimental data we should nonetheless expect to see a positive association between video game experience and a quantitative measure such as the Woodcock-Johnson Applied Problems score. This relationship is not obvious and many believe that video games lower cognitive ability. Are video games akin to “bad tv” and costly to cognitive skill development? The answer is no; video game time is associated with higher scores (Hofferth, 2010). Further, there are other dimensions to interactive computer experience, and another major component of children’s computer usage is social interaction via such media as e-mail, and the use of social networking websites. Is it the case that we see a positive relation between use of social websites and reduced behavior problem indicators? Here too, the more socially adept may turn to social websites, so part or all of an observed relationship would be from a selection into use of social websites by those who function more through social networks.  

                                   Figure 1    IQR, WJ-AP and Self Rating
In assessing the impact of computer use in both the self-reported and tested quantitative domains, there is some potential for estimating the effect of an exogenous increase in the access to video games in the form of parental ‘steering’ toward experiences that will promote later use of video game websites and possibly other parental factors which may promote the child’s use of social websites. This temporal path from prior influences can be studied because the CDS is a panel and there are numerous potentially exogenous covariates that may increase Internet availability but not directly affect the math self-reports or W-J Applied Problems or the Behavior Problems scores. In addition the panel data allow the analysis of change in scores as a way to move in the general direction of exploring ‘causality’.

In the context of the CDS, we can study parental factors such as education level from the direct parental reports. One hypothesis is that as society evolves to new forms of functioning, an important parental role is indentifying new types of skills and incorporating them into their child’s learning experience. That is, a related theme may be called the ‘perceptive parent approach’ – which is that parents have to somehow identify the newly emerging media as useful for their children.  In this context, there are parents who – beyond resources as measured by income wealth and education - had the ability, foresight or luck to identify the web as a learning resource. This choice by perceptive parents may foster and enhance a Greenfield type inductive skill which is related to use of Gaming Websites (GWS) and which is correlated with Applied Problems. Also Social Websites (SWS) may enhance social skills. 

Seeing the different skill forms and preferences as a part of a developmental path suggests that there will be substantial correlation across waves in the things children learn to enjoy and do. One portrayal of a development path for preferences or skills is the idea of a Bayesian Path Dependence wherein children gravitate to a particular mode of thinking or set of activities and stick with it. Changing to an alternative, new type of learning would be at the cost of the foregone opportunity to engage in continuing learning in the familiar way (Stafford, 1977).
  If the implied preferences for certain skill forms of the child are ‘good’ from the parents’ perspective, here a type of myopia in the form of not trying out alternative learning or lifestyles can be just what the parent wants!
 

III Empirical Results

A. Basic Data Relationships and Functional Form

Here we examine the relationship between the use of internet sites of teenagers (age 12-18) in the 2007 wave of the Child Development Supplement (CDS) and the PSID and cognitive and social capacities. The CDS data are from a subpanel within the PSID, consisting of 3,953 children under the age of 12 living in PSID families in 1997 (CDS I) who were re-interviewed in 2002/03 (CDSII) and the again in 2007/08 (CDSIII). In CDSIII are questions on the use of computers, video games, websites and which website was a child’s favorite. This 2007 information can then be related to the conditions in CDSII and CDSI as well as to measures from the PSID Core, such as family income and wealth or parental use of computers at work. In 1997, home internet access was emerging in family life and, to some extent, its emergence represents an exogenous factor to the extent it could have been the result of the unanticipated adoption of computer-based work in the parent’s workplace. It is the extensive set of prior measures which gives rise to the possibility of identifying an effect of video game and website use on cognitive and social skills. 

       In terms of the sample used in this study, it may be best described as a panel-modular design.  Within each wave there were a set of modules, and some of the modules simply were not collected in a given wave for some of the children.  This data feature of missing a module (or variables from an entire wave) can be described as ‘absent data’ as distinct from traditional ‘missing data’.
 With this data structure in mind we begin by presenting descriptive statistics for the subsample we use, namely those children in CDSIII.

     The actual data structure is more complex since, for some analyses we use measures for the parents from different waves in the PSID core, such as whether the mother and father report working with a computer at work as of 2007. In that case there can also be absent data in the sense that there was a single mother as PCG in 2007 but she was not in the labor force as of 2003, and, in the case of a single mother as of 2003 there would have been no father in the labor force. When variables have such absent data we have generally represented the overall variable as a set of dummy variables and add an additional 1-0 measure for whether the variable is ‘absent’ for that CDS observation. This avoids rapid depletion of the observations and potential selection problems which would occur if we applied a rule of ‘no missing or absent data’ in any observation. 

One other data structure aspect of the CDS is that various measures about the child were commonly age specific. As a case in point, we are interested in possible long-term influences from a child’s exposure to a computer in 1997.  As of 1997 the children were age 0-12 and the question: “Have you worked or played on a computer or played a video game with (CHILD)?’ (Variable Q1G25K) was asked only if the child was age 3 or older.  We have allowed for this type of  data feature by either creating a 1-0 ‘exempt’ category or by restricting the analysis to those age 3 or older as of 1997.

The key variables used in the paper are Woodcock-Johnson Applied Problems (AP) and Broad Reading (BR) scores and self-rated math scores.  Woodcock-Johnson tests are standardized across age so that scores of different aged children are comparable. In addition, variables measuring the child’s behavior are the External (BPI-E – aggressive behaviors) and Internal (BPI-I – withdrawn behaviors) components of the Behavior Problems Index. See appendix A for a data description and summary statistics. Since our reference point is children as of 2007, we use 2007 CDS sampling weights in our regressions.  Additionally, we use Beale Codes which indicate on a 1-10 scale how urban/rural a location is, with a “1” being most urban.  We include family wealth and income as linear terms in our regression specifications.  As a robustness check, we instead used wealth and income quintiles and the substantive results did not change.
B. 
Preliminary Models 

      The CDS in the third wave (2007/08), when the sample was in the age range of 12-18, the children were asked about their favorite website. Responses were grouped into categories, including video game website. As seen in Table 1, the most obvious predictor of gaming site preference is gender, with teenage boys about 7-10 percent more likely to have a gaming website as their favorite. Parental wealth, income and education show little relationship to gaming site preference, while as expected, use of the internet for games has a major impact. We believe video game website preference generally indicates a strong involvement with video games, especially complex, interactive, Internet-based games.  Posting to websites – which may be seen as a more social behavior - has a negative relationship to favoring gaming websites. The idea that video gaming websites are related to problem social behavior is not supported – given the lack of relationship to Behavior Problems Indices – either internalizing or externalizing (see Table 4 for further results on BPI).  

Also in Table 1, we have the choice of favorite website as a social website as the dependent variable. Again there is an obvious gender relationship, with the teenage girls more likely to prefer a social website. Does the connection to the different websites relate to traditional skills, such as the Woodcock-Johnson Applied Problems score?  

In Table 2, the boys have about a 2 point advantage in the Applied Problems (AP) score (standard deviation = 15.90 points).  Education of the parents and economic resource measures show strong relationships to AP scores, especially education. This result is not surprising given the role of more traditional quantitative skills in educational attainment and the labor market. Having Internet access at home is boosts AP scores by 5-6 points and further, having a gaming website as the favorite is related to a 4-5 point higher AP score. This finding of course has many possible interpretations, and one to consider is that the skill derived from video games is somewhat separate from the skill measured by AP. For a family where the head reported the use of a computer at work, the child has a 4-5 point higher AP score and single parent status, indicated by ‘head Female’ is related to a lower AP score. 

In Table 2, girls have about a 2 point advantage in the Broad Reading (BR) score, although this relationship is not significant at the 5% level. As with the AP score, education of the parents is highly related to BR. Having a gaming website as the favorite is related to a 2-3 point higher BR score, and is close to statistical significance. For families where the head reported the use of a computer at work, the child has only a slightly higher Verbal score and, again, single parent status, indicated by ‘head Female’ is related to a lower score. 

In Table 3, wealth, income and parental education level have weak positive effects on self-rated math ability and interest, on a 1-7 scale which is the average of 10 different survey questions.  Boys rate themselves .25 points higher than girls.  Preferring gaming websites are associated with an increase in self-rated math level, while social websites are associated with a decrease.

Much has been written, especially in the popular press on the possible connection between electronic media and anti-social behavior. In Tables 6 and 7 we present the basic relationships between behavior problems and gaming and social website as favorite websites. For each website category there is no real relationship. Parental education predicts lower problem scores while wealth and home internet access have a negative relationship to problem scores.  


In Table 5, we present the variables predicting whether those who have become part of the Transition to Adulthood component of CDS have attended college
. Here the well-known factors of parental education and other resources show the expected effects as do the W-J scores. Of interest is that beyond the standard resources measures, the family having an internet connection as of 2002 and using the internet for school work as of 2002 are both substantial predictors of college attendance. This result motivates the idea that the media connection itself seems to be important and produces both traditional and ‘new’ skills. As education itself becomes more connected to IQR, we would expect this relationship to grow through time as new cohorts enter college age. 

Table 1: Linear Regressions on Preferred Website Indicator

	
	Gaming
	
	Social
	

	male
	0.081***
	(0.020)
	-0.148***
	(0.029)

	wealth
	0.000
	(0.001)
	-0.002
	(0.003)

	income
	-0.013
	(0.010)
	0.026
	(0.021)

	headHS
	0.019
	(0.030)
	0.025
	(0.041)

	headSomeCol
	0.005
	(0.030)
	0.009
	(0.043)

	headCollege
	0.041
	(0.039)
	-0.014
	(0.053)

	headPostCol
	-0.043
	(0.034)
	-0.005
	(0.061)

	poster
	-0.084***
	(0.026)
	0.395***
	(0.043)

	hasInet
	-0.032
	(0.032)
	0.024
	(0.040)

	compNGames
	-0.044
	(0.023)
	0.150***
	(0.034)

	compGames
	-0.005
	(0.030)
	-0.061
	(0.038)

	inetGames
	0.193***
	(0.044)
	-0.089*
	(0.045)

	inetSchool
	0.012
	(0.025)
	-0.080*
	(0.035)

	hdCompWork
	0.052
	(0.039)
	0.016
	(0.055)

	hdNoCompWork
	-0.002
	(0.034)
	0.082
	(0.048)

	wfCompWork
	-0.003
	(0.030)
	-0.024
	(0.042)

	wfNoCompWork
	-0.049
	(0.029)
	-0.052
	(0.042)

	headFemale
	-0.036
	(0.038)
	0.020
	(0.051)

	hdFmCompWork
	-0.011
	(0.048)
	-0.041
	(0.068)

	parentComp
	0.024
	(0.026)
	0.019
	(0.035)

	BpiInt
	0.003
	(0.005)
	-0.006
	(0.006)

	BpiExt
	0.000
	(0.004)
	0.004
	(0.005)

	_cons
	0.087
	(0.049)
	0.240***
	(0.068)

	N
	1478
	
	1478
	

	R2
	0.102
	
	0.193
	


Standard errors in parentheses

Wealth and income are in $100,000's of dollars.

* p < 0.05, ** p < 0.01, *** p < 0.001

Table 2: Linear Regressions on Woodcock-Johnson Cognitive Test Scores

	
	Applied Problems
	
	Broad Reading
	

	male
	2.282*
	(0.937)
	-1.800
	(0.992)

	wealth
	0.202**
	(0.075)
	0.112
	(0.076)

	income
	0.545
	(0.684)
	-0.006
	(0.573)

	headHS
	1.064
	(1.404)
	4.266**
	(1.364)

	headSomeCol
	3.089*
	(1.395)
	6.459***
	(1.419)

	headCollege
	7.812***
	(1.625)
	11.089***
	(1.625)

	headPostCol
	11.333***
	(2.134)
	14.649***
	(1.841)

	gamer
	4.406**
	(1.555)
	3.504*
	(1.720)

	social
	-0.993
	(1.090)
	0.119
	(1.162)

	poster
	-2.519
	(1.311)
	-1.459
	(1.337)

	hasInet
	5.055***
	(1.333)
	5.005***
	(1.447)

	compNGames
	-0.322
	(1.110)
	0.932
	(1.135)

	compGames
	2.016
	(1.282)
	1.041
	(1.354)

	inetGames
	-2.083
	(1.529)
	-3.371*
	(1.686)

	inetSchool
	-3.282**
	(1.112)
	-3.878***
	(1.130)

	hdCompWork
	3.840*
	(1.722)
	1.579
	(1.612)

	hdNoCompWork
	2.807
	(1.542)
	0.867
	(1.473)

	wfCompWork
	-0.077
	(1.351)
	1.191
	(1.262)

	wfNoCompWork
	-0.884
	(1.312)
	0.937
	(1.255)

	headFemale
	-5.336**
	(1.804)
	-4.326*
	(1.822)

	hdFmCompWork
	3.159
	(2.302)
	0.998
	(2.749)

	parentComp
	-2.865**
	(1.069)
	-3.036**
	(1.068)

	BpiInt
	-0.716***
	(0.205)
	-0.481*
	(0.223)

	BpiExt
	-0.223
	(0.154)
	-0.298
	(0.156)

	_cons
	99.824***
	(2.243)
	96.181***
	(2.078)

	N
	1478
	
	1478
	

	R2
	0.266
	
	0.251
	


Standard errors in parentheses

Tests scores have mean=100 and SD=16.  Wealth and income are in $100,000's of dollars.

* p < 0.05, ** p < 0.01, *** p < 0.001

Table 3: Linear Regression on Self-Rated Math Score [Scale of 1-7]

	
	Self Math Rating
	

	male
	0.184**
	(0.070)

	wealth
	0.009
	(0.005)

	income
	-0.087
	(0.056)

	headHS
	-0.066
	(0.098)

	headSomeCol
	-0.015
	(0.101)

	headCollege
	0.151
	(0.115)

	headPostCol
	0.139
	(0.150)

	gamer
	0.249*
	(0.112)

	social
	-0.160*
	(0.079)

	poster
	-0.109
	(0.101)

	hasInet
	-0.032
	(0.091)

	compNGames
	-0.061
	(0.083)

	compGames
	0.045
	(0.092)

	inetGames
	0.013
	(0.111)

	inetSchool
	0.080
	(0.081)

	hdCompWork
	0.023
	(0.120)

	hdNoCompWork
	0.007
	(0.107)

	wfCompWork
	0.062
	(0.103)

	wfNoCompWork
	-0.050
	(0.097)

	headFemale
	0.084
	(0.120)

	hdFmCompWork
	-0.058
	(0.159)

	parentComp
	0.072
	(0.080)

	BpiInt
	-0.035*
	(0.017)

	BpiExt
	-0.018
	(0.011)

	_cons
	4.936***
	(0.149)

	N
	1477
	

	R2
	0.075
	


Standard errors in parentheses

Wealth and income are in $100,000's of dollars.

* p < 0.05, ** p < 0.01, *** p < 0.001

Table 4: Linear Regression on Behavior Problems Index

	
	Internal
	
	External
	

	male
	-0.252
	(0.223)
	0.315
	(0.289)

	wealth
	-0.029*
	(0.013)
	-0.040*
	(0.017)

	income
	-0.002
	(0.128)
	-0.018
	(0.180)

	headHS
	-0.638
	(0.345)
	-0.208
	(0.436)

	headSomeCol
	-0.633
	(0.349)
	-0.122
	(0.433)

	headCollege
	-1.064**
	(0.409)
	-1.291**
	(0.490)

	headPostCol
	-0.609
	(0.475)
	-0.334
	(0.598)

	gamer
	0.331
	(0.404)
	0.465
	(0.508)

	social
	-0.112
	(0.245)
	0.057
	(0.311)

	poster
	0.013
	(0.309)
	0.512
	(0.417)

	hasInet
	-0.839*
	(0.346)
	-1.177**
	(0.439)

	compNGames
	0.097
	(0.259)
	-0.128
	(0.337)

	compGames
	0.117
	(0.282)
	-0.022
	(0.387)

	inetGames
	-0.024
	(0.340)
	-0.118
	(0.470)

	inetSchool
	-0.502
	(0.274)
	-0.456
	(0.331)

	hdCompWork
	-0.505
	(0.433)
	-0.630
	(0.567)

	hdNoCompWork
	-0.614
	(0.391)
	-0.869
	(0.512)

	wfCompWork
	-0.139
	(0.319)
	0.421
	(0.387)

	wfNoCompWork
	0.038
	(0.345)
	0.170
	(0.428)

	headFemale
	0.007
	(0.412)
	0.497
	(0.524)

	hdFmCompWork
	0.280
	(0.545)
	-0.299
	(0.682)

	parentComp
	0.014
	(0.264)
	0.276
	(0.341)

	_cons
	4.971***
	(0.595)
	6.790***
	(0.711)

	N
	1482
	
	1486
	

	R2
	0.048
	
	0.053
	


Standard errors in parentheses

Internal problems are withdrawn or depressed behaviors (mean=5.24, std dev=4.18).  External problems are aggressive or violent behaviors (mean=2.82, std dev=3.12).  Wealth and income are in $100,000's of dollars.

* p < 0.05, ** p < 0.01, *** p < 0.001

Table 5: OLS and IV regressions on College Attendance Indicator

	
	OLS
	
	IV
	

	Male
	-0.051
	(0.038)
	-0.027
	(0.043)

	wealth03
	-0.002***
	(0.000)
	-0.002***
	(0.000)

	income03
	0.033***
	(0.007)
	0.027***
	(0.007)

	headHS
	-0.031
	(0.055)
	-0.069
	(0.063)

	headSomeCol
	0.142*
	(0.055)
	0.096
	(0.065)

	headCollege
	0.082
	(0.061)
	0.016
	(0.076)

	headPostCol
	0.169**
	(0.054)
	0.117
	(0.063)

	hdCompWork
	0.013
	(0.071)
	0.025
	(0.074)

	hdNoCompWork
	0.074
	(0.063)
	0.087
	(0.066)

	wfCompWork
	0.088
	(0.048)
	0.045
	(0.053)

	wfNoCompWork
	0.013
	(0.053)
	-0.007
	(0.054)

	headFemale
	-0.142*
	(0.066)
	-0.091
	(0.082)

	hdFmCompWork
	0.200*
	(0.078)
	0.157
	(0.083)

	parentComp02
	-0.021
	(0.036)
	-0.032
	(0.039)

	hasInet02
	0.129*
	(0.054)
	0.422*
	(0.187)

	compNGames02
	0.019
	(0.040)
	-0.035
	(0.053)

	compGames02
	0.073*
	(0.037)
	0.057
	(0.038)

	inetGames02
	-0.050
	(0.052)
	-0.055
	(0.051)

	inetSchool02
	0.114**
	(0.042)
	0.118**
	(0.043)

	handheld02
	-0.024
	(0.072)
	0.006
	(0.079)

	videogames02
	-0.083
	(0.049)
	-0.088
	(0.050)

	WJMath02
	0.003*
	(0.001)
	0.003*
	(0.001)

	WJVerbal02
	0.005***
	(0.001)
	0.004***
	(0.001)

	_cons
	-0.307*
	(0.149)
	-0.334*
	(0.155)

	N
	859
	
	859
	

	R2
	0.304
	
	0.251
	


Standard errors in parentheses

Wealth and income are in $100,000's of dollars.

* p < 0.05, ** p < 0.01, *** p < 0.001

 C. Interpretation and Further Analysis
Given the apparent relationship between internet access and college attendance and the relation between gaming websites and traditional quantitative measures of cognition, partly captured by WJ AP scores, we explore the idea that the internet was just coming in over the period, 1997-2002, and that there was a temporal, geospatial pattern of introduction substantially captured by state and urbanicity. The introduction of high-speed internet in the form of cable and DSL connections occurred during the 1997-2002 period, but it spread somewhat slowly and unevenly due to its high cost.  Much slower dial-up connections, such as AOL, during this period were around $20/month or less, while cable modems and DSL were around $50/month or so.  From descriptive time diary data in 1997 and 2002, we know that for children age 6-12 as of 1997, the average weekly time on computers rose from 48 minutes per week to 1 hour and 12 minutes per week. As of 2002, the 15-17 year olds were averaging a total of 5 hours and 8 minutes per week of computer time (primary time). And as shown below in Table 6, the internet seems to matter in terms of overall computer time, tripling the time per week.

Table 6:  Weekly Time in 2002 (Hours:minutes) Using Computer as  a Primary Diary Activity
	Home Computer Resources
	Age 12-14
	Age 15-18

	Computer Only
	1:34
	2:16

	Both Computer and Internet
	4:05
	6:06


Considering the uneven temporal diffusion of internet access over 1997-2002, we have explored the use of states and urbaniciy as a way to capture the exogenous variation in the diffusion and exposure to internet resources of American children.  Does such an approach also suggest a role of internet access as a predictor of college attendance as suggested in Table 5?  We address concerns about endogeneity of having internet access at home.  Using an instrumental variables, 2-stage least squares approach, we first regressed internet in the home as of 2002 as a function of state and Beale code. The first stage indicated some strong state effects. For example, Kansas had a strong positive coefficient and Nebraska had a strong negative coefficient. Both Massachusetts and Connecticut had strong positive coefficients, but Massachusetts has more abundant post-secondary institutions, suggesting that internet access is not simply marker of more college choices. Using the predicted home internet access in the second stage produced the results shown in Table 5.  Note that the variable, hasInet02 retains its strong and significant effect. Similarly, we continue to see the positive impact using the internet frequently for schoolwork (inetSchool02). To explore the sensitivity of the results we re-estimated both the OLS and IV models in two ways.  First, we replaced wealth with home equity.  Second, we replaced the linear family income and wealth (or home equity) terms with 5 quintiles of each.  The estimated coefficients on the two internet access and use indicators changed very little when using home equity, and were only reduced modestly when we allowed the more flexible functional form with quintiles.  The results were in line with prior work showing a connection of home equity to college enrollment (Lowenheim, 2010)

Another look at exposure to learning IQR skills is at the time spent on the computer as measured by time diaries – along the lines of Table 7. In Table 8 we present the average time spent computer activity for those who prefer gaming websites versus those who are not.  Here we can see that those who have internet access in CDS 20007 and in prior waves (02 and 97) have more computer time throughout. What is also apparent is that the gaming subset does not devote a notably larger amount of time per week to computer activity. So this suggests that there may be a qualitative dimension to the computer time of gamers that leads to a higher AP score and may more generally boost IQR.


Table 7: Time Diary Using The Computer:  Average Minutes per Week, 1997-2007/08
	 
	2007/08
	2002/03 
	1997

	All
	315
	90
	26

	
	(444)
	(212)
	(128)

	 
	Yes
	No
	Yes
	No
	Yes
	No

	Gamer 07/08
	269
	322
	76
	91
	16
	27

	10% yes
	(544)
	(430)
	(177)
	(216)
	(78)
	(133)

	Has Inet 07/08
	359
	90
	95
	63
	29
	11

	79% yes
	(465)
	(198)
	(197)
	(275)
	(136)
	(77)

	Has Inet 02/03
	321
	300
	111
	34
	31
	11

	66% yes
	(446)
	(443)
	(236)
	(112)
	(145)
	(65)

	Male/Female
	329
	302
	96
	83
	25
	26

	
	(486)
	(398)
	(218)
	(205)
	(85)
	(161)

	-Observations weighted by day of week and 2007 CDS sampling weight

	-Standard deviations in parentheses
	
	

	-Balanced Panel, N=1015


Table  8:  Website Preference in CDSIII – 2007 (four most popular categories)

	
	Social
	TV/Video
	Gaming
	Search Engine

	All
	35%
	14%
	10%
	9%

	Boys
	28%
	14%
	14%
	8%

	Girls
	42%
	14%
	6%
	10%


IV. Conclusion and Summary

In this paper we have explored aspects of media exposure and use by young people and how it connects to their learning experience. Some of the types of media exposure we have examined such as home internet access produce abilities, ranging from traditional measures of math and reading, as measured by Woodcock-Johnson scores, to self-rated math ability and to an implicit concept which we have called iconic quantitative reasoning (IQR). The IQR theme follows the work of Greenfield and colleagues. Having and using computers and the internet appears to boost traditional measures of skill – both Applied Problems and Broad Reading. There do not appear to be adverse effects of computer use on behavior problems. While computer time per week as measured by diaries shows no difference by gender, the selection into favorite websites is substantially shaped by gender. Teenage boys are more likely than girls to have gaming as their favorite website, and the teenage girls more likely to prefer social websites. Overall, social websites are the most likely to be identified as the favored type.

Preferring gaming websites is positively related to AP score and also to self-rated math ability. We conjecture that the gaming website preference are indicative of more interactive gaming and may be boosting IQR as well. We note too, that those having gaming websites as their favorite do not devote more time to computer activity than others, as recorded on two time diaries - one for a random weekday and another for a random weekend day. Moreover, there seems to be no connection of gaming websites use to the components of the Behavior Problems Index (BPI).

Did media access and experience impact who went in college as of 2007?  We rely on those in the CDS panel that had, as of 2007, become age 18 or older.  While we do not know about their use of gaming websites, we do know whether they have been enrolled in post-secondary education as of 2007.  In 2002 these young adults were in either high school or middle school. Time diary data establish that having a computer and internet access connect to a far greater use of computer time. Over the period, 1997-2002, internet access was diffusing across the country, but on a varied geospatial basis. Access to the internet as of 2002 is a very strong predictor of college attendance as of 2007, beyond the usual predictors such as parental education and income.

To explore the connection between internet use and college attendance, we applied both an ordinary least squares estimator with extensive covariates and a two-stage least square estimator to predict college attendance. In the IV estimation state of residence and urbanicity were used as first stage predictors of internet access as of 2002. Both the OLS and IV estimators suggest a substantial connection of early internet access and later college enrollment. In the context of media shaping cognitive socialization, as of 2007, colleges themselves had become extensive users of the new inductive media – even starting with the application for admission. Once in college the use of interactive web connections had become a part of daily student life.
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Appendix A Data Description Table:

	Variable Name
	Description
	PSID Variable*
	Years Included

	Demographics
	
	
	

	age
	Age in years
	ER33904
	2007

	male
	=1 if male, 0 otherwise
	ER32000
	2007

	wealth
	Family wealth in $100,000’s
	S817
	2007, 2003

	income
	Family income, in $100,000’s (mean=.715, 25th %ile=.287, median=.535, 75th %ile=.920, std dev=.738
	ER41027
	2007,2003

	college
	=1 if ever attended college
	TA070569
	2007

	
	
	
	

	Media Use
	
	
	

	hasInet
	=1 if at least 1 computer in home has an Internet connection
	Q32J31
	2007, 2002

	social
	=1 if favorite website is social
	Q33F4A
	2007

	gamer
	=1 if favorite website is gaming
	Q33F4A
	2007

	poster
	=1 if posts information about themself every day or almost everyday  
	Q33F3A1
	2007

	compGames
	=1 if plays computer games every day or almost everyday  
	Q33F1C
	2007,2002

	inetGames
	=1 if uses the Internet to play games every day or almost everyday  
	Q33F3F
	2007,2002

	compNGames
	=1 if uses computer to do other things besides playing games every day or almost everyday  
	Q33F1D
	2007,2002

	inetSchool
	=1 if uses the Internet for school work every day or almost everyday  
	Q33F3D
	2007,2002

	Handheld
	=1 if plays handheld games (such as gameboy) every day or almost everyday  
	Q33F1A
	2007,2002

	Videogames
	=1 if plays a video game system (such as Playstation) every day or almost everyday  
	Q23F1B
	2002

	
	
	
	

	Ability Scores
	
	
	

	WJMath
	Woodcock-Johnson Applied Problems score (mean=102.68, std dev=15.90)
	Q34APSS
	2007,2002

	WJVerbal
	Woodcock-Johnson Broad Reading score (mean=99.04, std dev=16.05)
	Q34BRSS
	2007,2002

	satReading
	Reading score on the SAT
	TA070566
	2007

	satMath
	Math score on the SAT
	TA070567
	2007

	Act
	Composite ACT score
	TA070568
	2007

	selfMath
	Average of 7 math self assessment questions on a scale of 1-7, where higher is better (mean=4.81, std dev=1.02)
	MATH07
	2007,2002,1997

	
	
	
	

	Parents
	
	
	

	headFemale
	=1 if the head of the household is female
	ER36018
	2007

	hdCompWork
	=1 if the head uses a computer at work all of the time or most of the time
	ER36145
	2007

	hdNoCompWork
	=1 if the head uses a computer at work some of the time or none of the time (
	ER36145
	2007

	(omitted)
	Head not working for money
	ER36145
	2007

	wfCompWork
	=1 if the wife uses a computer at work all of the time or most of the time
	ER36403
	2007

	wfNoCompWork
	=1 if the wife uses a computer at work some of the time or none of the time
	ER36403
	2007

	(omitted)
	Wife not working for money or no wife in the family unit
	ER36403
	2007

	hdFmCompWork
	=1 if head is female and uses a computer at work (interaction effect)
	-
	2007

	headHS
	=1 if head completed high school (12 years of education) – 31.7%
	ER41037
	2007

	headSomeCol
	=1 if head completed 1-3 years of college (13-15 years of education) – 24.9%
	ER41037
	2007

	headCollege
	=1 if head completed four years of college (16 years of education) 12.0%
	ER41037
	2007

	headPostCol
	=1 if head completed some postgraduate education (17+ years of education) 7.2%
	ER41037
	2007

	(omitted)
	Head did not complete high school or unknown education level – 24.2%
	ER41037
	2007

	
	
	
	

	parentComp
	=1 if the primary care giver used computers or played video games with the child at least once per week
	Q31B31K
	2007,2002,1997

	Emotional
	
	
	

	BpiTotal
	Total score on Behavior Problems Index
	BPI_T07
	2007,2002

	BpiExt
	Score on Behavior Problems Index – internalizing behaviors  (mean=5.24, std dev=4.18)
	BPI_E07
	2007,2002

	BpiInt
	Score on Behavior Problems Index – externalizing behaviors (mean=2.82, std dev=3.12)
	BPI_N07
	2007,2002

	fewFriends
	=1 if child has some friends but wishes had more, or has no friends 
	Q33L16I
	2007

	emotSupport
	=1 if child provides emotional support to friends at least a few times per week
	Q33K24B
	2007

	
	
	
	

	Time Diary**
	
	
	

	compGamesD
	Weekly time playing computer games (seconds)
	WD07_502
	2007,2002,1997

	compHwD
	Weekly time using the computer for schoolwork  (seconds)
	WD07_504
	2007

	
	
	
	


*Latest year available

** We calculate weekly time as 5*(reported weekday time) + 2*(reported weekend time)

All variables are from 2007, unless followed by a two year code.  For example, “income03” is the family’s reported income from the 2003 survey.

W-J Applied Problems








Self Rated Math





Iconic Quantitative Reasoning








� Consider the case of two groups in production and two goods. If a new form of skill or technical competence increases the productivity in the product specialty of each group, then both groups will realize higher real wages. On the other hand, if the new skill or technology allows one group (I) to take on more of the functions of the other group(s) (II) then the real wage of group II will fall in absolute terms (Samuelson, 1972; Johnson and Stafford, 1993). To illustrate, a technology may allow professionals to carry out efficiently tasks previously performed by office staff.


� Such a structure can lead to path dependence of preferences or skills. See also Atkin (2009).


� The public concern over excessive TV/video watching by children seems well-founded if there is such preference path dependence. 


� See Tutorial Number 4, � HYPERLINK "http://psidonline.isr.umich.edu/Guide/tutorials/Default.aspx" �http://psidonline.isr.umich.edu/Guide/tutorials/Default.aspx�, Linking Children and Their Caregivers  from the 1997 Child Development Supplement (CDS).


� In 2007, a youth respondent would be only in either the CDS or TA, not both.  Only the CDS had the favorite website question.
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