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CHAPTER |

THE DEVELOPMENT OF AN ENGINEER

Introduction

A young child dreams of being an astronaut. Skars of piloting a complex
rocket full of buttons and gadgets through the @kg discovering new planets in the
unknown, unchartered universe of scientific frorstié\s the child grows, she makes her
way through the sacred halls of formal schoolif&dpe takes classes, goes to college, and
starts to work. Somewhere along this way, thesstad spaceship dreams of her
childhood become obscured, maybe by the ceilirmnainsupportive classroom, maybe
by the bright lights of other opportunities. Maikesly than not, when we see the adult,
the starry-eyed engineer is no longer there. WHershe go?

In this dissertation, | examine the formal meckars that create qualified
engineers. | am motivated by the important ro& #ngineers play in the economic and
social development of nations around the worldmifurther motivated by the justice
and importance of supporting children from all bgrckinds in their aspirations to
become engineers. | use quantitative and quakanalyses to understand the factors
that influence engineering achievement and apjpdicatl focus on college factors, and |
extend the central analysis with studies of préegal problem-solving achievement and
post-college choice. A broader understanding oktiigineering training process as a

whole gives policymakers a more nuanced, detaitetbrstanding of where to target



solutions as well as an increased understandiageafs that previously posed challenges

in research design and analysis.

The Engineering Pipeline

The chronology of formal engineering training feea described as a pipeline
(e.g., National Science Foundation, 1987), onertlna from the student’s birthplace,
into pre-school acculturation in the home, thronggndatory primary and secondary
schooling, up to formal engineering training inlegk, and finally leading to engineering
practice in the labor market. This pipeline ikieg. Policymakers are worried. Who
will build the society of tomorrow, and, more ur¢ignwho will fix the society of today?

Engineering knowledge is vital to the developmaerd sustainability of
industrialized economies. The National Academizigineering describes how the most
pressing challenges of the day—for example, ma&oigr energy economical or
securing cyberspace—require engineers to leaceingblution (National Academy of
Engineering, 2010). This dissertation examinesahmajor points at which the pipeline
is losing engineers. Further, | examine the idgwmti the engineer who either persists
through or stops out of the engineering trainingcpss. | divide the turning points in the
engineering pipeline into two categories: obstatdasontinuation within the pipeline and
outside alternatives that draw potential enginegcsother fields. Why is this important

conduit of human capital leaking? And for whom?



Push and pull factors: self-

selection, obstacles

Choice to go into engineering

barriers to

the pipeline

University experience Choice of work

Choice of uni. Graduation

Barriers toentry:

Outside incentives: other jobs, better pay available

Choices to stop out: difficulty of study, lack of mentors/peers in the field, lack of support for entrepreneurial activity

Figure 1. The Engineering Pipeline



Figure 1 details the course of the engineeringlpip. Engineers’ trajectories
start from the earliest moments—in the home—wheeg begin with the personal
characteristics of their birth (e.g., gender, ratteicity). They are then exposed to social
and cultural experiences in their home and thammoonity. They move into required
formal schooling, where they, along with their pgesup are exposed to the particular
resources and practices of that school. Up umslpoint, they have begun the decision-
making process that leads to their choice to samdyneering in university. After primary
and secondary school, they make the additionakabecof the university they attend.
Once in university, they are provided with a setesfources and experiences particular to
that institution. They make the decision to stayhie program, and they also make the
decision to complete their undergraduate degréeallf, they choose to enter the labor
market in a certain sector.

At each turning point, engineers are faced withiads—both in persisting or
exiting the pipeline as well as in their choicexadjor/sector of engineering. They are
also faced with obstacles and competing alternativeheir continuation—barriers and
leaks in the system. The obstacles and alterrsapikesented to each engineer differ
greatly. A number of factors go into the engingeiécision-making process, but one of
the most important is her accumulation of techniclaigcapital.

| argue that technological capital, its acquisitiand its application are actually
new components of contemporary cultural capitalthls introduction, I first define
technological capital and how it fits within theadished frameworks of social and
cultural capital. | then discuss each of the ingnarcomponents illustrated in the

pipeline diagram to understand how earlier worksacial and cultural capital inform



this model. | begin with the first components df fhipeline: home factors and pre-school
acculturation. | present ways in which seminaiacend cultural capital work informs
the relationship between out-of-school factors iarsichool opportunities. | then discuss
the ways in which mandatory schooling and engimgetriaining further constrain the
opportunities of students. | describe the repradoanechanisms of selection into
higher levels of education and the social and cailttapital components that moderate
selection. Next, | proceed to discuss the moreipéracks that engineers might
choose, citing literature on tracking and its fielaship to social and cultural background.
Finally, I discuss the differential outcomes thagji@eers going through this “pipeline”
encounter. | describe broad frameworks for humarldpment. | conclude this chapter

by describing the structure and contribution ofib&t of the dissertation.

Technological Capital

| begin by defining technological capital and jiystg its distinction from other
forms of cultural capital. In this dissertatiorexdtend cultural capital to include the newer
dimension of “technological capital”. Technolodicapital consists of both the
understanding of digital tools as well as how thesds are applied. For example,
technological capital includes the types of phahas different groups of people view as
normal or acceptable. Low-income Americans makéepmajority of the user
population for pre-paid cellular phones, while ppatd plan users have higher incomes
overall (Sullivan, 2011).

Technological capital, its acquisition, and ite adl exhibit the same

characteristics as other components of culturata@aprechnological capital comes with



a certain lexicon, words to indicate one’s knowkedd objects in the area, similar to the
valuation of certain types of art or leisure a¢igs (Bourdieu, 1977). It comes with a
specific history, an understanding of a construttiedarchy of types of technology, uses
of technology, and pressure for the most recemhint@ogical tool. With an
understanding of the technologies that should lh#edaone can gain entry into more

privileged social circles.

Social Capital

Cultural Capital

Human
Capital

Technological
Capital

Figure 2. Technological Capital as a Componentufutal Capital

Certain technologies received more valued statgsciety at large, though their
valuation is often unrelated to their efficacy,ittdyily constructed as more- or less-
privileged groups espouse given technologies ersenashe school system is then set up
to reward certain types of technology use and avem® For example, while schools

attended by more privileged groups may inculcatespect for the fields of engineering



and hard sciences, schools attended by less g&dlgroups may focus more on
vocational technical work as a valued professidthile more privileged schools may
invest in curricula that ask students to use teldgyoto search for information at home,
less privileged schools may only present compusnglaces for free-time game use. (I
base these subject-specific hypotheses on gemadalds of differences in curricula
between schools by Anyon [2008], which | descrim¢hfer below.)

As with other forms of cultural capital, technaoloa) capital intersects with the
dimensions of race, class, gender, culture, and 8geial capital broadly includes both
the connections between members of a specific giflempding capital) and the links to
other groups in the larger society (bridging cdpitsommunities create both bonding and
bridging capital in the dimension of technologicapital as well (Coleman, 1988).
Within a community, certain types of technology @adeers that employ technology are
valued. For example, a given community may contaimerous role models who work
in engineering. Members of the community may usdare the value of an engineering
career and the importance of studying science, naathtechnology. Other communities
may not.

The capacity to own and demonstrate use of pteethology signals an
individual's possession of valued technologicalitzdp Technological capital is a new
addition to the dimensions of cultural capitaisitistinct from linguistic cultural capital
as it is both a language as well as a physicacandeptual resource and an avenue to
information. | use it here to refer specificalbygngineering and information and

communication technologies, often digital today.



Home and Community: the Beginning of the Pipeline
Before a student even enters a school, the engiugaapeline begins in the

home. | begin here as well, incorporating impdrsctial and cultural capital
frameworks that describe the reproduction of scam@ economic hierarchies stemming
from a student’'s home environment. The coursedtsatident follows later in life
derives from early exposure to elements of clasiscalture, career aspirations and
educational motivation, and norms and practicdseinhome. Early work by Bowles and
Gintis (1976), based on earlier work of Marx anddéfe laid the groundwork for the
ideas of cultural capital and habitus, describhmgway the needs of an industrial
economy create a hierarchical system with diffead@d jobs that must be filled. The
hierarchies mimicked by schools condition studéots to be prepared for and to accept
the same status jobs that their parents have imthestrial economy. The structure of
society is reproduced via the school system. Tinegé knowledge, behavior, and skills
are passed from one generation within a socialgobass to the next, so children, by
virtue of birth, are provided with distinct stockSchools, as institutions of the
community and controlled by the dominant classas] to systematically favor the
capital possessed by these same dominant classeleaa@ue that of the less-privileged.
Schools put a value on background factors, anethesconverted into “objective”
currencies such as jobs, achievement, and salaries.

Specifically, the example of language illustrates/ta student’s background
translates into commodifiable resources (Bernsieiteath, as cited in MacLeod, 1995).
The authors note that membership in different donikeus generates distinct

vocabulary and speech patterns through socializafidis linguistic cultural capital



becomes an enabler or an impediment in school,evtetain cultural resources are
valued, and only some children may actually haeerédsources that are being measured.

Collins (1977) lays out a theory of conflict, diagy on Weber (and Marx) to
describe how culturally distinguished groups sttadgr an advantage for various goods.
Collins proceeds to describe how education seheptirpose of teaching to particular
groups. Individuals are “allocated” to these g®by institutions, often through schools
(Meyer, 1977). These schools may be put in plggenplicit or even explicit purposes
of cultural and social control; for example, Rog#003) describes the relationship
between cultures of schooling and their purposé®mim Western schools were used as
foreign missions, colonializing tools, and suppdotsAmerican expansion. On the other
hand, tailoring schools to target the local conteal be the most efficient; Miller and
Shinn (2005) describe the utility that policy intentions can gain from building on
indigenous knowledge. The relationship of in-sdhearning to home background is
visible in science education as well. Childremirural Mexican community, for
example, share core sets of community knowledgaeaelto plants (Wyndham, 2010).
The knowledge that students begin to accrue angevalthe home translates to the
capital they bring with them through later stepgh@ engineering pipelinénote this in
my studies by focusing on the environments in wisitldents access technological
resources and noting the predictive power of thaagkground factors.

Social capital—as conceptualized by obligations @xpectations, information
channels, and social norms—is a resource for axvorthe part of the student, whether
individually, within the family, or within the comumity. Coleman (1988) expounds on

the relationship between social capital, other ®ohcapital, and the other people with



whom high school dropouts interact. The studesg@sions are an amalgam of
individual “rational actor” choices and accepterkdiions within the social context. The
decision-making process as it relates to the eegimg pipeline is described further
below. The idea of the social context extendstaraderstanding of space and place as
important determinants of students’ opportunitieareau (2003) looks at the very
different day-to-day lives of children living inade proximity, but different
neighborhoods, from each other. These childreemapce their respective locales very
differently, and their interactions with school atarkly contrasted.

These interactions are characterized by the alltapital that studentiisplay,
the markers they show to indicate their group mestbp and the resources (including
technological capital) that they possess. The adéhabitus” describes how a student’s
“natural” behavior translates into accessibilityre$ources. Bourdieu (1977) describes
how children of different classes inherit vastlffetient stocks of cultural capital. These
children come to school with different “habitus’soeirces, systems of “lasting,
transposable dispositions which, integrating papegences, [function] at every moment
as a matrix of perceptions, appreciations, anaasti(Macleod, 1995, p. 14). Implicit
biases, whether or not they are founded, leaddrtorastrators, teachers, and others in
power to reward students differentially. In a mogeent example, researchers find that
math teachers are consistently biased against éestiadlents (Riegle-Crumb &
Humphries, 2012). This applies to the understandirtechnology and its application
that | investigate in my dissertation. | find sopgfor the theoretical frameworks of
social reproduction, that students who come froffieint backgrounds, even when

exposed to the same resources, understand andiap@technological tools in different

10



ways. The root of the engineering pipeline—the hame the community—is the source
of many of differences that we see further downlithe

We want to learn. We crave new information, netghulation for our neurons.
Universally, people want to feed their brains, adhetheir careers, and use knowledge to
create stable lives for themselves and their fasiliAnd yet, we cannot escape the
nature of the jungle around us. Complex differsnoeolitical structures, cultural
norms, geographical characteristics, and econoatkdrounds incubate together to
create challenges and opportunities unique toradividual situations. As students apply
the technological capital and other resourcesthieat have amassed, they move in
different ways through the educational systemcuson the background characteristics
of gender, race, and socioeconomic class as impgatéaerminants of engineering

educational opportunity and achievement.

Next in the Pipeline: Mandatory Schooling and the Bginning of Selection

After growing up in a given community and beginntogunderstand the world
through their own unique lens, students enterdhm&l education component of the
engineering pipeline. There, a series of seleqimcesses direct them into various
sectors of schooling. This selection is not ehtirandom. One of the most problematic
challenges in empirical investigations of retum&ducational inputs is the fact that
different types of students systematically chodfferént schools, programs, and careers.
The process of selection happens multiple timesutjitout the pipeline, and it is done by
institutions and policymakers as well as the sttgleifhere is a self-selection process in

the choices students make, and, often, theregsearning” of the student pool with
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groups that are seen as having the highest pdtaliteved to move on to the next level

of education. | detail further here the theorétigcark in social capital and development
economics that describes how both the individudlthe society selects the students who
will continue on in the engineering pipeline andgé who will not advance.

The technical-functional theoretical perspectiviersf that, in an industrialized
society, schools serve as an efficient apportiotmady The skills required of workers are
met by their educational training. Educationaluiegments are constantly increasing as
the skills required for jobs increases (Collins/1P A more progressive view, though,
argues that education merely serves to justifystregdifications already extant in society
(see above). Meyer’s work (1977) puts forth nurasrpropositions illustrating how
schools are used to allocate students to diffesecil groups; many of these allocation
mechanisms are less related to providing freedoahoice to the individual or to
answering the diverse needs of a society thandheyo reproducing previous structures
of power.

From a societal (or policymaking) perspective, edion can be used as a way of
controlling the human capital necessary for thear®mies—if more engineers of a
certain type are needed, educational planning elved these workers. Orazem and
King (2008) detail a basic economic cost-benefipdyrdemand model for local and
central government policymakers. The authors desan equilibrium model
incorporating a supply of spots in schools andraated by households for schooling
(based on price, household income, and wages tltevebuld earn at that time). This
model describes how and where governments migldeléc subsidize schooling or

limit access. Private schools, for example, orchaus, may be tools for policymakers to

12



create structures promoting or hampering accesareer direction. And, as investigated
in my dissertation, selection into public or preachools is an important mechanism by
which the engineering pipeline is segregated. Gthe link between household income
and school attendance, governments may increasehold resources to increase
educational access (in practice, often with coadgj e.g.Progresa[Schultz, 2004]).

This example is one that attempts to tailor iteethe context, focusing on the
opportunity cost in rural areas and allocating nmaomey to girls, and, as a result,
changing the household decisionmaking procesddviatie barriers to access.

The education decision-making process is not aeds policymakers may shape
the demand for certain skills, but students andlfesiform the supply of students and
graduates. The needs and desires of policymakayswot always align with those of
households or individuals, and, further, policyementions may not always have the
intended consequences. For example, while inecrgasiroliment has characterized an
achievement of increased access, there has noabs@nmensurate increase in skills
achievement, though governments increasingly wigtehn skilled workers (Orazem &
King, 2008).

The decisions of students and their families asé §s complex as those made by
policymakers. Based on a traditional householdehotidecision-making regarding
human capital investments, | look at the decisemm#dividual makes as she goes
through the formal schooling component of the eegiimg pipeline. Orazem and King
(2008) describe benefits to schooling in termsricgpated future earnings (discounted
at a rate that depends on the family’s incomejination here of years of schooling and

exogenous factors related to schooling outcomes, @ility, school quality). This

13



depends on how useful a child’s time is in the heersus in school (and in the future if
more educated) and on the quality and quantitgbbsl supply. Further, girls’ time is
often more valuable in the home in rural, develgmaontexts, and their human capital
may be discounted by their parents relative to blegsning.

Perceived costs to schooling may include expliggts such as tuition, uniforms,
and other inputs, as well as fixed opportunity s@sich as current foregone earnings.
Context-specific considerations, such as the aeeaagount of schooling, preclude or
change decisions for students from certain milieasy=in some contexts, it may be
significant if a child EVER attends school. Invasnt in human capital may change
based on the knowledge that an educated studenemigyate; considering mobility
from a household perspective, rural households unagr-invest in education because
the external benefits of educated rural childrenteansferred to urban areas instead of
their home locales (Orazem & King, 2008). Pareatsl students’ access to information
(Stanton-Salazar & Dornbusch, 1995), peer behdVierney & Venegas, 2006), role
models and learned role confidence (Cech et al.1R@&nd risk aversion (Duflo, 2006;
Perna, 2006) all combine to determine selectiom funtther schooling. In most cases, this
means that traditionally underserved groups—Iloveime, racial/ethnic minorities, and
women—systematically select out of persisting tigfothe engineering pipeline at higher
rates.

Anyon’s research underscores the fact that scbadettion practices are unequal
in relation to out-of-school factors, as school\ktexlge and class are closely related;
students in schools that serve working class fasieceive different content in a

different format from students in schools that egmofessional or elite families (Anyon,

14



2008). Meyer describes numerous ways in whichashase their structures to allocate
people to unequal outcomes in social status gr@dpger, 1977). Anyon (2008) further
describes how schools can be tailored, but in agosely stratifying way, whereby
students receive different curricula (as noted tgefio an example regarding
technological capital) and have different behadiemonstrated to them depending on
their SES. The selection barrier, even during nagorg primary and secondary
education, is one way that the pipeline is broked | illustrate how this barrier

disproportionately affects students with less-vdlteechnological capital.

The Crux of the Pipeline: Engineering Training andDifferentiation

The core of engineering training is usually seethasundergraduate degree
experience. Here, students are further trackedscihools and more specifically into
disciplines of engineering. Formal “tracking sys&8 are another reason the pipeline is
has a multitude of problems. Students do not cetalyl have free rein to choose the
education they receive. Entrance into differenels\wof schooling, types of schools, and
programs of study are often based on entrance exaimstraining, or other
gualifications (e.g., Brazil&ENEM Instituto Nacional de Estudos e Pesquisas
Educacionais Anisio Teixeira, 2012). Furtherdstits who are traditionally
disadvantaged find themselves disproportionatedy liely to enroll or persist through
college, and, further, to enroll or persist in lagineward tracks (e.g., Stanton-Salazar &
Dornbusch, 1995; Perna & Titus, 2005). Major warksocial reproduction theory in
the previous section describe how students frofer@int backgrounds are differentially

prepared to access higher levels of schooling divémahis section, | further detail how

15



this selection mechanism works even within disoigdi or within the same schools ; the
mechanism of tracking and differentiation betweeasrenor less-valued types of
engineering provides inequitable access to moreedalechnological capital.

Social establishments are created to serve the ersmobthe community. The
institution of the formal public school is oftenrdened with the purpose of providing an
equal learning platform to all and serving as aaamualizer; the movement for
universal primary education (e.g., the United Nai&ducational, Scientific, and
Cultural Organization [UNESCO]’s Education for Afijushes for a country’s formal
public school as providing a basic right acrossn#gon. However, some scholars argue
that as one of the first, most formative sociatitoions that nearly all inhabitants will
encounter, formal schools actually serve to exaterand solidify the inequalities
already present in society. While policymakers mpastray this as an "apportioning"
function of schools, which provide differentiatedbor for a diversified economy,
tracking inequitably distributes students withilaals and within areas of study that are
hierarchically rewarded.

Processes and pedagogies such as tracking withaols have been shown to
have notable effects on student achievement (Gan®&Berends, 1987). Further, even
within the same schools, the techniques devotetiitdren of different backgrounds
differ vastly, and the experiences that studente laae, on average, quite different
(Jencks & Phillips, 1998). Scholars continue tbate the structure and consequences of
this phenomenon (Hallinan & Oakes, 1994). Studehtsfferent backgrounds are
represented disproportionately in different academaicks (Kelly, 2008). Gamoran

(2004) shows that these tracks receive differentard, which, especially for disciplines
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like math which build on prior knowledge, makescbatg up difficult; what is more,
teacher quality measures show that the more exypedketeachers are seen as necessary
for the more advanced tracks.

One of the most commamays of tracking in engineering is structutagtween-
school tracking for academic and vocational stydhas type of tracking is especially
relevant for engineering and technical studiese débate between vocational and
academic training has been long and contentiogs (eoster, 1965; Psacharopolous,
1987). Many bodies recognize the need for highdacation opportunities to be diverse
(e.g., Task Force on Higher Education and Sock94). Indeed, arguments over
financing higher education through rates of reamalysis contend that allowing general
education or individual choice results in an overatance of graduates in thveong
fields (Psacharopoulos, 1986). Such argumentdyubke need for government
intervention to actually promote tracking.

Economic analyse$6acharopoulos, 198iQrther argue that the
individual returns to vocational education outweighpublic costs, sinceocational
education tends to be more expensive due to fingrfor equipment and infrastructure.
Debate then becomes even more complicated as p@llars look to private financing
for vocational education, though it is more oftka tase that low-SES students are
tracked here (Bennell, 1996).

Even decades ago (Foster, 1965), internationatyokkers pointed out that,
given the agricultural nature of less-develope@syrbroad access to vocational and
technical education would be important, perhapsenbeneficial even than academic

training. Technical and vocational education (T\WE)vides immediately-marketable
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skills, and these practical fields may be direaghplicable to infrastructural development
needs.While tracking may serve as an apportioning toaljihg multiple tracks within
engineering does allow for diverse alternativesnfiehich students can choose their own
path. However, the way that tracks are rigidhatdied places limitations on students
going through the engineering pipeline.

Even early scholars (Foster, 19@®jinted out that some variables were missing
from this kind of analysis. Students of TVE (teahand vocational education) would
not be flexible and prepared for a shifting labarket; the fields of TVE would have to
match quite well with job needs; and the populaiaocessing TVE might perpetuate
social inequalities. And, vocational and acadesdigcation need not be seen as direct
substitutes, as both have social benefits. Morent®, some point out that skills and
information possession in the modern “knowledgeneony” are a currency in and of
themselves. The tracking mechanisms of the engngedegree channel the flow of
engineers through the pipeline into different oppoities; more lucrative opportunities
are disproportionately offered to students who hraeee of the traditionally-valued

technological capital.

Entering the Labor Market: Engineering, Technology,and Development

Finally, the engineer has reached “certificatistdtus and is ready to enter the
labor market. Policymakers are increasingly comegmwithconcerned with which
students will reach this point amethere engineering students will enter the labor
market—the final step in the engineering pipelitre particular, policymakers in low-

income contexts are concerned about graduates wWhemvgrate. Increased schooling
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may allow students more freedom in mobility (Orazamd King, 2008), and central
government oversight of local education may beuwlgefthe source country because of
increased intra- and inter-country migration. tregional migration may have public
benefits (Schultz, 1964; Saxenian, 2005), but noften, policymakers are worried about
the flight of human capital from the home country.

For students making study and career decisionsg $aators weigh moreeavily
in the decisionmaking proceizan others. Harren (1979) creates a careeridecis
making model which divides the “process” of chogsanmajor into distinct areas:
awareness, planning, commitment, and implementatiomy study, | ask students
about their perceptions in these different stagesyell as their aspirations. Studies that
have polled students about the factors they coresldehen choosing an engineering
major show that financial considerations are oftiéed, and a “match with interests” may
be the most important (Beggs, Bantham, & TayloQ&0which | include in my survey. |
use student perceptions and ask about individetbfaas well as perceptions of broader
factors.

Decision-making processes differ by SES, and thekest contrast can be seen
for students living at the margins of povemuflo (2006) describes the decision-making
process of the poor as adhering to an appropwdittnale to which classical economic
theory is not applicable. Banerjee and Duflo (20¥dmmarize household surveys in a
number of contexts to describe “the way the extigipeor live their lives” (p. 141),
illustrating the ways in which this descisionmakprgcess differs from the rational actor

model normally applied in previous studies of studgoice. This has important
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implications for engineering and technology, asrttust beneficial technological training
may not always be chosen by the students who coakt benefit from it.

Lou (2011) provides an empirical example of theislen-making process for
students from a village background. She investgjabw rural students navigate the
decision to leave (or not) their home for the appéshe city. In her ethnography, she
looks at how rural students view their own locasesndustrialization takes place in the
towns and cities nearby. Leaving for “the city™iemanticized” as opposed to the
“polluted”, corrupt countryside, and schooling éens as the path there. However, a
competing perspective sees schools as a placegefduademic pressure that is not
completely delivering on the students’ hopes, andenstudents are dropping ouior
whom is schooling providing opportunities? Who eagess development?

At the national level, the engineering pipelinaisey component of development
and sustained growth. And, at the individual lewrdbrmation and communication
technology (ICT) has become a type of cultural tspn addition, a student's capacity to
enter the engineering labor market at an advantesggeoint is also a component of
technological capital. Both thEossession and use of technological capital ateopa
Sen’s concept of capabilities and an individualisxdreedom. Sen defines
“capabilities” as the combinations of functioniragcessible to a person, the life they can
choose for themselves. The “capabilities sethésdroup of functionings a person can
choose from (Sen, 1999). Given the importancedirological capital for nations and
individuals, it is imperative that policymakers @nstand whether the investments made
in formal university training are well-directed,cawhether policy changes directed at

pre-college factors and post-college decision-ngaken help to address the lack of
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engineering capital. | detail below the three Eadhat provide novel insights into the

engineering training pipeline for students fronslesivileged backgrounds.

Analysis

Technology on Trial: Can Computers Effectively Increase the Engineering Skills of
Traditionally Under-served Populations?

Since the middle of the twentieth century, compugnd learning have been
enthusiastically linked, with bright hopes for andechanging technology to cure the
ailments of the brick-and-mortar education systéhew learning technologies are seen
as specifically useful for teaching basic enginagskills such as critical thinking or
problem solving. LOGO, Number Munchers, Math Rabldach decade has seen its
share of computer-assisted learning (CAL) progrhaeralded as system-altering tools,
and each decade has seen them subsequently adtieddtly of interventions past.
Since the 1980s, educational computing in low-ine@reas in particular has been
promoted as an assured new digital fix for therlieay and “2%' century preparation” of
traditionally-underserved groups. Unfortunatehg tevolution has not happened. In
practice, digital “fads” have frequently failed. énin evaluations, researchers have not
conclusively measured the utility of computerstfee engineering education of
underserved students.

But now, technologies have changed. Computertpaion in low-income areas,
the flexibility of software, and the spaces in wh@aomputers are available argue more
today than ever for the potential of CAL. Bettetadare available to estimate the impact

of computer use on engineering achievement. Atidarecements in statistical methods
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for causal inference make it possible to use nee@eondary data to clearly understand
the impact of computers. A new look may reveal enmnclusive evidence for
technology as a tool to train pre-college engineers

| use information from the Programme for Interaa#l Student Assessment
(PISA) to model the relationship between indepehded school-based student
computer use and problem-solving outcomes withthl@tween schools and countries.
The overall question | seek to answer is: how mmmater use related to problem-solving
skills? What relationships exist for independert achool-based use, and how do these
types of use interact? Does this relationship @arpss schools and countries? Does this
relationship vary across types of use, and do tepersist across assessments?

| address selection issues inherent in this cresBemal dataset by matching
students on family and household resource charsittsrto move closer to measuring
the causal effect of computer use and engineekitig.sl use a generalized propensity
score and a matching estimator to estimate theagedreatment on the treated (ATT)
effect. To understand the utility of technologyaasupport in low-income contexts, |
focus on a varied set of high-, middle-, and lowaime countries included in PISA’s
dataset. | also separate out students who useuterapn low-income households and
match them to similar non-users who also come flmwincome households.

| find evidence that previous work has neglectenhtestigate a crucial
dimension of social and cultural capital in humawelopment: technological capital.
This study comes to three conclusions: school iseraputers has a positive effect on
problem-solving achievement in the two large, ddeehigh-income countries studied,;

home use has no effect or a negative effect; aadalsewhere” is positive at low levels
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of use. These imply changes of policies in theofelihg three ways: schools outside the
US and Canada could look at the programmatic pes@nd environment for school-
based computer use in these countries; opportaridgremore “effective” home use
should be supported, e.g., increased parent intowman educational computer use; and,
use “elsewhere” should be both encouraged andtéded at moderate levels. As a tool
often implemented to begin the fundamental probsetring training of engineers for

the modern “knowledge economy”, computers are psorgiinterventions that still need

fine-tuning.

What Can College Do?: Social, Cultural, and Technalgical Capital in Brazilian
Higher Education

Engineers are sought after as the catalysts tanseconomic sustenance and
growth. However, there is little conclusive evideras to what educational inputs are
directly connected to training better engineerdebd, there is little data at the college
level in any country, including the United Statesexplain what colleges do to
effectively increase the achievement of graduatesy field. Recent advances in
nation-wide university assessments in Brazil offevay to concretely answer the
guestion plaguing national policymakers worldwidekatvshould universities invest in
to create essential human capital for a competgigbal knowledge economy?

The most important advancement in the field ohbigeducation policy analysis
is the growth in the availability of data on stutiparformance at the college level. The
first national-scale dataset of this sort come f®mazil; it gathers nationally
representative information and includes a genermalsaibject-specific knowledge

assessment. | use these data here, in one ofshgudantitative studies to provide
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estimates for the predictors of student achieveraetite college level. | exploit the
capacity of the national dataset from 2005 and 2088g student- and institution-level
background factors for a representative sampléuolesits graduating from
undergraduate engineering degree programs.

Are the investments in costly engineering collegmits paying off? Do the
inequities observed in primary and secondary edutaersist for the limited group that
makes it to tertiary schooling? | find that indival characteristics such as race and
gender have strong predictive power for a studentse (especially on the engineering
test), for what type of university a student atserahd for whether that student finishes
the degree. A student's home environment and th@osng she was exposed to before
college also predict her score, even within insbns. However, university factors also
matter—there is growth from first to final year daiactors such as large classes and
reports of bad teachers are related to lower scoresenvironment for research and the
types of peers one has at university contributgudent success.

These findings imply that expanding opportunit@shigh-quality (private) high
school across races and income levels and imprakimgtate of public high schools
could have benefits into the college years. Orfltheside, interventions to support
faculty development in private universities couddse the achievement of students who
are tracked into these schools, but expanding a@es opportunities in the public
higher education system may be an even more pnognisiervention.

In my analysis, | make two unique contribution$itgher education policy
analysis. First, | look at predictors of performamn a national, standardized assessment

in two different sets of cohorts. Second, | usitkd individual background
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information to conduct checks of consistency ofnesults. Education policymakers
tend to view university as a separate world, aigfized place—a place where students
are no longer children and a time when studenterheadults and knowledge
acquisition becomes job preparation. My work aggphnalyses that have uncovered
fundamental tenets of the understanding of preegelleducation and finds that the
university is largely an extension of the pre-agdeexperience.

The ENADE scores, along with measures of the usityeresources, are used in
the “General Index of Courses”, a national evabraystem. However, my work
illustrates the need for an understanding of hdwiehtly these resources are used, as
there are significant differences between instiugiin the resources they have available.
Engineering companies in Brazil often only loolgedduates from a few of the top
universities.

Even among similarly-selected peers, coming frdmaekground where students
have been exposed to the utility of formal schapl(iparent education) and academic
norms and effort (reported study time), studentsigher education are better able to
make use of the same resources to learn how tg &ppiviedge to technical problem
solving. But further exposure to technologicalbrgses in higher education matters as
well. It is not the physical resources themseli@sexample, the area of the laboratories
at the school does not predict higher achievemkinms. being in an environment that
values them, being exposed to an innovative, rekealuing, practical-oriented learning
space; practical work and research emphasis wehesbrong predictors of achievement.

The acquisition and application of job-related teabgical capital depends on both the
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home and the learning environment. Opportunities tecognize the intersection of the

two and broaden opportunities are vital for natiaevelopment.

Houses of BRICKS: Career Decision-making for Enginers in Growing Economies

Engineers are seen as a vital pillar for the cansbn of a healthy, industrialized
economy. However, they are also seen as a thexhtecarce resource, one that is
expensive to create and difficult to pin down oit@nters the labor market as a highly-
desirable asset. Low- and middle-income countngmrticular are concerned that they
lack engineers they need to support the growtbadllindustry, the expansion of
infrastructure, and the improvement of living staras.

| investigate the pivotal point in the engineerpigeline where the engineers who
have successfully reached “certification status! are completing their undergraduate
degrees and preparing to enter the job markesk fimal year engineering students in
exemplary institutions in South Africa to descrtheir concept of the “local” and
“global” space and then to express the push/patbfa that exist in each and affect their
decision-making process.

| find that students note an emphasis on globgbamation compared to locally-
relevant topics, an under-preparation in relevaat-world skills compared to their
importance, and a need for local engineers. Thies the following policy
recommendations. Starting in primary school, llyeadlevant engineering and the value
of working in it could both enhance student leagremd prepare them to enter the field
later in their educational careers. Practical sesiwith local hands-on experiences

within the college curriculum could also serve tlual purpose of enhancing learning
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outcomes and connecting students to the local sgaoally, incentives to return once
abroad (e.g., scholarship that requires returrongauth Africa) or to go into engineering
entrepreneurship could provide both private andasbenefits.

The motivation is not lacking—engineers are alreadyntrinsically-motivated
group. Many report that the challenge of compteBngineering degree itself was part
of the appeal of the major. Despite this passtugents do not interpret the local need
for engineers as applicable to themselves. Barteéelocal application of engineering
training need to be lifted, and (even small) bftermcouragement to practice engineering

locally should be in place.

Contribution
This dissertation makes novel contributions irrfareas. First, it asks questions
that are prevalent in the policy conversation,ibasks them about and, in fact, focuses
on populations that are left out of the bulk ofe@sh studiesSecond, it analyzetata
that have barely been touched and gathers newutesiee information was previously
nonexistent Third, it demonstrates and begins to expand @oew theoretical concept.
Finally, it provides useful recommendations foripghakers that open up new directions

to support important fixes for the engineering traghpipeline

Context
The use and development of engineering ability psescient, pressing policy
guestion However, whether the question is about how teldgy tools can help

engineers learn, or how engineering colleges shoal#t, or how engineers are needed
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to fill important jobs, the issue is frequentlyrfirad in broad termsooking at average
effects across many different groups of enginedéits vastly different experiences
Administrators call for the expansion of technolagywchools or recruitment into
“STEM" fields, but they pay less attentionwdois being trained. In my study, |
explicitly focus on the relevance of a student&ntity to the opportunities she receives.

The cultural context of engineering education mogel addition that | offer here.

Data

The central analysis in my dissertation estimatesrmportance of school and
non-school factors in educational achievementahtgher education level. To do so, |
employ a large, novel dataset that has been ussetbpsly only a handful of times. The
information gathered in this student-level datas@owerful, but this dissertation is one
of the first to fully exploit it.

Not only do | perform analyses on a recent datdwsethas rarely been studied
before, but | gather new information. | gatheomfation from the perspective of the
students who are going through the engineeringitrgiprocess. A major piece of the
pipeline puzzle that has been missing is the kndgdeof what happens to the students
after they receive their degrees and the undernstgrd why students navigate the
schooling process in the ways that they do. Thudysprovides important steps in

illuminating this issue.
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Theory

By incorporating new information and focusing stydy on the novel context of
students' identitied am able to make contributions to a new archedry. The
theoretical frameworks of social and cultural calpibrm important supports for many
analyses. However, technological capital as a corapt of cultural capital is an
important new area of theoretical developmeértie possession of technological capital
promotes or prevents access to future opportunitiesthe new cultural key to the more
revered doors of upward mobility. In this dissedi, | illustrate how the role of

technological capital plays out in the creatiomoman capital.

Policy

These issues are important to connect to policngbs. | make suggestions that
are immediately useful for implementation. Recomdaions are frequently made to
“tailor” education, but less work has been dont&rytdo understand the factors that are
important to tailor learning to and how this cando@me more effectively. How do people
learn in different environments? How do you getpgedo stay and focus on their own
communities? How do people stay connected with hatnke navigating educational
pipelines? Is it peers? Family? Neighborhoods?8eR What factors are important to
tailor learning to? New developments in digitalieclogy and engineering hold promise
for underserved communities. But, without an ustéerding of how technological
capital is acquired and applied, policymakers maynlvesting in expensive inputs

without benefits to the students or the communitye removal of obstacles and the
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addition of incentives in the decision-making psxevould help all students to navigate

the engineering education process.
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CHAPTER Il

TECHNOLOGY ON TRIAL:
IN WHAT ENVIRONMENTS CAN COMPUTERS EFFECTIVELY INCRASE THE

ENGINEERING SKILLS OF TRADITIONALLY UNDER-SERVED PBULATIONS?

Policy Imperative: Another “World-changing” Inventi on?

In 1947, U.S. Chairman of the Federal Communicsti@ommission Charles R.
Denny described a new technology: “Its educatigagééntial is unlimited. It will be the
most powerful communication tool of them all” (Wexis, 1947, p. 1). Sixty-five years
ago, he was describing the television, which wgpesed to radically transform the
essence of learning.

Subsequent classroom technologies have been mrikisvelcomed as the next
silver bullet for the challenges of training youeghnologists. The same language
extolling the utility of the TV could be insertesto an article about computer-based
learning today, as educational technology contimigsg the waves of public opinion.
Beyond the name of the technology, little seenshnge, and yet computer-based
learning interventions today receive the same f&dtiwning, faith, and finances. They
are bandied about in the popular préésvw York Time2010;Times of India2010);
significant government funds are invested in timaplementation (e.g., 100% of
Singapore high schools on internet, student-compat® of 8:1; Twining, 2002); and

the educational technology industry commands hugeetary resources (e.g., $16
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billion in the USA; McCrummen, 2010). This sigedint investment of capital despite
mixed reports of computers’ utility is enough torveat a more rigorous evaluation.

But, there may be even more reason to reexaméatility of computers in
different learning environments now. The uniquexibhility and interactivity of
computer-aided instruction may actually distinguisis intervention from previous
technologies—whether books, assessments, or copyathyines. Given the widespread
nature of computers—there are nearly two billiceinet users worldwide (Internet
World Stats, 2010)—and its peculiarities (e.glptang to the user, Dahotre et al., 2011),
computers may lend themselves to breaking throlgldisappointments of technologies
past. The accessibility and structure of computerg may adhere more closely than ever
to a theory of change for imparting basic engimeeskills such as critical thinking and
problem-solving. Further, new data and statisticals may aid in the detection of the
effects of computer use on achievement.

This study is motivated both by the dire needefealuation of a broadly-
implemented tool and by the educational potential tool may have. The perceived
importance of computer-based learning interventionigining innovators, especially in
resource-challenged contexts (see, for exampléMibrdd Bank’'s promotion; World
Bank, 2011), demands a deeper knowledge baseiottsts and benefits and, most
importantly,wherethey are useful. They can be an expensive intéive and still, few
studies have successfully estimated the causaiteffeomputer use on learning
outcomes for low-income students in different usag@ronments. This study isolates
the relationship between computer use in diffeesironments and problem-solving

skills for economically-disadvantaged populatiamsiisample of high- and low-income
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countries by comparing the outcomes for studentstmed on the likelihood of using a
computer. It employs more recent data and newaststal tools to better address

deficiencies in previous evaluations.

Research Questions and Hypotheses
| use information from the 2003 Programme for in&tional Student Assessment

(PISA) to model the relationship between studemmater use in different environments
and problem-solving skills for students from ecomnzaity and socially disadvantaged
backgrounds. The overall question | seek to angsyéHow is computer use related to
higher scores on an assessment of problem-solkilg for underserved students?”
More specifically, | match students using propgnsaores for the likelihood of using a
computer in a given environment, and | ask:
* Do students who are similarly likely to use a cotepiave higher problem-solving
scores when they use it?
* Do these higher scores differ based on the envieminvhere the student uses the
computer?
*|s this problem-solving score difference for unéeved students consistent across
national contexts and across various computer-bastadties?

| test these research questions by creating a edt&dmple of students equally
likely to use computers and then comparing theattreent” group that reports computer
use to the “control” group that does not. | hymsize that, contrary to technologies past,
computers are an effective way of supporting thguesition of problem-solving skills for

diverse populations, including and specificallgditionally marginalized groups.
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However, to be effective, the technology environthmaast be conducive to thoughtful
exploration and access for unique students. Pue\studies of computer use have not
fully taken into account how important the usagetext is to learning; | include both the
immediate learning context and national culturaliemment of the intervention in
analysis. It is vital that policymakers understanth more certainty the complexities of

howcomputer-based learning may or may not be effectiv

Phenomena and Hypotheses

Based on limited evidence pointing to the possilbiiy of computer use as well as
on the theoretical relationship | describe abowkiarmore detail in the following
conceptual framework, | hypothesize that studenoi® low-income backgrounds who
use computers will have higher scores on assessrmaeptoblem-solving skills than
those who do not, holding other factors equal.thiarr because of literature on problem-
solving and initial findings on the unsupervisee 0§ computers (Inamdar & Kulkarni,
2007; Papert, 1984; DeBoer, 2009), | hypothesiatttiis effect will be more noticeable
for students who use the computers in indepenéanting environments (in the home or
“elsewhere”) rather than in the directed environtr@drithe school. Finally, because |
hypothesize that the learning and cultural contexdter (see chapter 1), | hypothesize
that there will be noticeable heterogeneity ofttleatment effect across a diverse sample

of countries.
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Conceptual Framework and Literature

The new advancement of computerized learning maritesh look, especially
with the finances and policy attention it receiwaere previous studies have not fully
incorporated the key factor of the student's emwirent, | situate my work in a
sociological perspective. Further, | incorporatastructivism, which notes the
importance of the learning context and providescthreceptual foundation for numerous
recent digital learning programs (Piaget, 1962¢arhing theory overall suggests that
computers are educational tools with huge potergrapirical evidence corroborates the
relationship between computers and constructivagigogy in the classroom (Gulek and
Demirtas, 2005; Becker, 2001; Roschelle, 2000)e ddmstructivist framework has even
been expanded into the “constructionist” framewaolded extensively in work with early
LOGO interventions (Papert & Harel, 1991). HoweVke literature is relatively small
given the popular attention it received. In adbuhtiit has focused on access and usage
rather than outcomes, and scholars note that aclessty does not always translate to
use or utility in learning (Smerdon & Cronen, 2008)ore importantly, empirical
research on computers has not been married toargleesearch on the social context of
learning as it is here.

| draw on constructivism and theoretical framevgook the social context of
education to investigate three important areast, fivhether computer use matters at all
for the academic outcomes of underprivileged sttgjesecond, whether this
effectiveness varies based on where the computenssad; and third, whether variation
in effectiveness can be explained by national faoto usage behavior. (The conceptual

model is given in Figure 1.)
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Computer Use Effects on Academic Outcomes: Few Rigmus Studies, Little
Consensus (RQ1)

The general question of computers' utility in ediocahas not been answered
conclusively (research question 1). Numerous idd&l studies find small but
significant effects of school-based computer indations for student achievement (e.g.,
Papanastasiou et al. 2003; Wittwer & Senkbeil, 2@hen & Liu, 2007). The conflict
between studies that find no effects (e.g., Angklsavy, 2002) and studies that find
significant positive effects (e.g., Banerjee et 2007) persists. The few quantitatively
rigorous randomized control trials are those mewibin this section. Recent meta-
analyses in the United States (Soe et al., 200D pesund the world (DeBoer, 2010a)
combine independent study results and confirm sindlkignificant effects. However,
these effects display a large amount of heterogettet cannot be explained by
available information, which provokes the next eesh question.

Numerous explanations are given for why computeraffects academic
outcomes. First, computer-assisted learning (GAlsgen as a more enjoyable venue for
learning, one often associated with play, for wtebildren may have more enthusiasm
and therefore a higher uptake of knowledge traresfiethere (e.g., Mumtaz, 2001).
Computers may be more effective because of thpatubty to individualize instruction
(Barrow, Markman, & Rouse, 2008). And, though catep use may not increase math
or reading scores, it is shown to increase compglutency and cognitive skills (Malamud
& Pop-Eleches, 2010). This may be due to thetfattcomputer can may encourage

self-directed learning and problem-solving, whiaketail in the next section.
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Learning Context: Different Environments for Use (RQ2)

Heterogeneity may be largely attributable to theagly-varying contexts in which
the aforementioned studies took place. Many prevgiudies of school-based computer
interventions condition on socioeconomic statusB&nd other factors known to be
closely associated with academic achievement (Eien, & Fu, 2008; Du et al. 2004,
Prinsen et al., 2007). My study explicitly matclsésdents based on these important
background characteristics and investigates tree®stiof use of computers outside of
school as well as in school to understand the iddat and interacted effects of different
computer use environments.

Research on computer use outside of school isespatsshows some promise of
the effectiveness of independent exploration omtaehines. Some prior studies suggest
that independent acquisition of computer skillsld@nhance achievement (Garthwait,
2007; So & Kong, 2007; Inamdar & Kulkarni, 2007;rKaRamachandran, Sahni, &
Canny, 2006). Other studies (Wittwer & Senkbed)2; Papanastasiou et al., 2003) find
that availability of a computer and certain typésige can have little or negative
association with increased achievement, thoughcpéat activities (e.g., problem-
solving) are associated with increased achieveméntpirical tests of a technology
intervention (Jasper) that focuses on group legralso finds evidence of the differential
processes of learning in different environmentsuiYp& McNeese, 1993).

Two explanations drive hypotheses for this reseguastion. First, independent
use of computers is a type of self-directed leayniAs students can explore on their
own, learn about topics of their own interest, makstakes, and solve their own

challenges, it stands to reason they will come awigty a deeper and more persistent
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knowledge of the topic. Second, as students usguters for both independent
exploration and more formal education purposesctimeputers enter the space of their
learning community. Earlier research by Scardaareatid Bereiter (1994) describe how
IT can create a framework for schools as commundfeknowledge. Computers can
support these communities, and they can also exéamding to be constructed in out-of-
school communities. The creation of these knowdetgmmunities differs between the
environments in which they are constructed. Mgéhmodels isolate the effects of
computer use “in school”, “at home”, and “elsewligresearch question 2). Problem-
solving scores will be used in the same modelsterchine differences in the effects of
varying use environments on outcomes as suggegtdaebiterature and conceptual

model.

Why the variation? National Policy Differences andndividual Behavior (RQ3)

Beyond estimating the effects of computer use shyhis study further by
investigating macro-factors that may cause heter@igein the observed effects. First,
variation in national policy creates vastly diffeteomputer usage environments for
students. | hypothesize that there will be diffeesnin the estimated effects by country,
and | test this empirically in addition to highlighg the policy environments that could
lead to this variation.

Further, previous studies have drawn conclusitwsitethe effectiveness of
computer use (e.g., United States Department o€&ichn, 2010) without noting what
students were doing on the computers. In PISA 2DB8ve access to student reports of

what programs they use the most. | note the sggmtidifferences in usage behavior
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between more- and less-frequent computer usersetaté this to the effectiveness of

computer use.

A Novel Focus on Underprivileged Populations in Digrse Nations

National differences.The issue of access for lower-income students is an
immediate threat to unbiased estimates as wellpadiey challenge; the digital divide
manifests itself between high- and low-income cdast(Compare the near-universal
availability of computers in Korean householdsite less than 40% availability in
Thailand. [PISA, 2003]) as well as for populatiavighin countries (Du et al, 2004). In
previous research, the digital divide has usuadgrbstudied in an oversimplified way—
comparing the usage of the “haves” and the “haus*nd-urther, scholars demonstrate
that, when low-income students use computers indcthey are often doing so in a
more rote-learning environment, and they receifferdintial benefits from its use (Du et
al., 2004). As a population that has been oveddak lumped into previous analyses,
students from disadvantaged backgrounds meritusémtstudy. In my paper, | focus on
under-served students. | first describe here iffierences in computer learning
environments across countries, and | then detaifrtdimework for investigating low-
income students’ use of computers in particular.

Statistics describing the availability and use ahgputers in schools reveal stark
differences between countries (World Economic Fqr2@08). Country-level factors
such as culture, national income level, investniredigital education tools, and other
factors are clearly important. While the differest®tween cultures are part of the very

motivation for looking at computer use in differ@auntries, they also necessitate care in
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conducting the investigation. Some reports catl ouiestion the validity of comparing
and contrasting vastly different cultures, pedagsgand school systems and caution
heavily against drawing firm conclusions from im&tional assessment data (e.g.,
Rotberg, 2006). | do not make causal argumentgxtaposing these national contexts; |
recognize the process by which PISA’s informatiaswathered (OECD, 2005) and
compare results in order to generate future dwastfor research and possible policy
implications for education leaders.

The five countries included in this study all haveque digital learning
environments and are undergoing important chanmgescent years. In the United
States, computer use grew in the five years pragdtie PISA data collection, and the
southeast leads computer usage, possibly due hinvabuntry regional competitiveness
(Becker, 2001). Students across Canada share cera@itapproximately five students
per computer—better than the OECD average—buthesa tess frequently (40%
frequent use, 4 points below the OECD average [BressCartwright, & Knighton,
2004]). At the time of PISA 2003, Thailand waghe process of implementing national-
level policies to support technology use in edwra(Rumpagaporn & Darmawan,
2007). Korea reports that there is at least omepeer per school classroom, and over
20% of teachers use them in every class (Ministfygducation, Science, and
Technology, 2008). Finally, since the first PISatalincluded in this study, Uruguay
decided to lead the One Laptop Per Child chargehand out computers to over a
quarter million children, over 70% of whom previbusad no computer at home (One

Laptop Per Child, 2009).
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The digital divide. In each of these countries, the gaps between ssudém do
and do not have access to computers, who do andtdesse computers, and who do or
do not have socioeconomic or cultural privilege @dosely related. Not only are there
clear systematic differences in technology penetdietween groups, but a growing
body of more recent research suggests that attdmptid technology to communities
only serve to widen extant disparities.

Data from North Carolina show that there are indeethl and SES differences in
home computer access and use (Vigdor & Ladd, 201® .study offers significant
negative estimates of the academic effects ofduotcoing computers and high-speed
internet in the homes of students in this panedsitt Elsewhere (e.g., Wainer et al.,
2008), evidence from Brazil shows computer useaugss segmented by students’
socioeconomic status. The authors further find édacational outcomes are negatively
correlated to computer use and positively corrdlabeaccess, a differential effect that
widens the difference for poorer students.

These (and other) studies point to the importafeehere and how technology is
used. Researchers and policymakers alike muststade that simply focusing on
providing access neglects the recognition thatsuserst have the wherewithal to make
sense of digital tools. A study using PISA 200& D, 2010) characterizes this “second
digital divide, noting that some households haweertght competencies to maximize the
benefits of the technology. Results from previamask imply a need for targeted
interventions for low-SES students, yet few studioesis solely on underprivileged

student use. | sample from within a larger datesetolate the effects of computer use
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solely for underserved students, matching simiiadents with one another in order to
advance policymakers’ understanding of technolagg/as a cultural capital question.

Cultural capital. Bourdieu’s theory of cultural capital (Bourdieu,71®d
describes the ways that social class markers, n@mnasvalues interact in the educational
system to further the privilege of more powerfutisbgroups. Though not included in
Bourdieu’s original scheme, and not yet widely e#sbed, digital technologies are a part
of this framework as well, and “technological cafiiis an important contemporary
component of social and cultural capital. Groujg Yower socio-cultural and economic
status are often those with lower access and udigitdl technologies. The persistence
of the “digital divide” moves beyond just the ace#isat communities have; they employ
different sources of cultural capital, and the ienformational technology in
individuals’ lives is socially constructed (Rojasak, 2012).

Warschauer and Matuchniak (2010) argue that ibigust access that is
important for educational technology, but crea@ngupportive environment. Their
argument that a fertile environment for IT to befusintroduces the idea of IT as a
context-dependent tool. Emmison and Frow (1998)udis the applicability of cultural
capital to issues of IT, including descriptiondiué correlation between “traditional”
measures of cultural capital (e.g., museum vigit) household computer ownership.

In most previous research, the “digital divide” adhracterizations of access and use in
underserved populations are seen through a (pdraenework of “Western ideologies of
technology use”; however, focusing on particuldsggoups allows the researcher to
recognize and value the types of use of membeasoh-dominant group (Brock,

Kvasny, & Hales, 2010). | build on these limitedprtal and theoretical pieces to
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provide an explicit focus on the importance of tachl capital in understanding social

and human capital development.

Methodological Framework

Methodologically, | draw heavily on Rubin's worlertifying a statistical
solution to the problem of causal inference (RuthBi/4), estimating treatment effects
using propensity score matching (Rubin, 2001), asidg multiple imputation (Little &
Rubin, 2003).

As there are few rigorous studies that investigataputer use and achievement,
so there are also few that use propensity scorehingt It has been used to match
students and compare computerized to paper-bas&agtéPuhan, Boughton, & Kim,
2007). Xin and Zou (2010) use similar methods towenmwards answering the causal
guestion of the effect of frequent computer usenaith scores. Spiezia (2010) conducts
a similar study using PISA 2006 and estimatesecsieh function for the frequency of
student computer use. | address problems creatéddsnethod by employing a
generalized propensity score procedure, buildimgitheoretical work on propensity
score matching by Rosenbaum and Rubin (1983), Isibextension to multi-valued
tre