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Shelia R. Cotten, Timothy M. Hale,
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USING AFFORDABLE TECHNOLOGY

TO DECREASE DIGITAL INEQUALITY

Results from Birmingham’s One Laptop

Per Child XO laptop project

School systems in the United States are increasingly integrating computers into the
classroom. Yet, we know little about the factors that determine successful adoption,
use, and attitudes toward the computers. The City Council of Birmingham, Alabama
is the first in the United States to provide One Laptop Per Child XO laptops to all
students in first-fifth grades in the Birmingham City School System. The purpose of
this study is to present the survey results examining factors that are related to XO
laptop usage and attitudes among fourth- and fifth-grade students in Birmingham
City schools. The results indicate that factors vary depending upon the type of use or
attitudes being examined. Teachers’ use of the XO laptop in the classroom is a
primary factor that is related to the frequency of XO activity use and students’ atti-
tudes toward the XOs, while teachers’ ability is related to the hours of XO usage in
school. These results highlight the importance of having well-trained teachers who
embrace using the XO laptop in the classroom in order to facilitate positive attitudes
toward technology and its use among students.
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Introduction

K-12 school systems are increasingly integrating 1-to-1 computing programs
(e.g. each student has a computer) into their curricula (The Metiri Group
2006; Apple Computer 2007). These initiatives can enhance students’ academic
performance and standardized test scores; increase levels of students’ collabor-
ation, engagement, and participation; and lower rates of absenteeism and drop-
ping out of school (Lemke & Martin 2003; Silvernail & Lane 2004; Gulek &
Demirtas 2005; Apple Computer 2007; Suhr et al. 2010). The impacts of
these programs depend upon a variety of organization- and individual-level
factors, including teachers’ and students’ digital literacy skills, teachers’ prepa-
redness, how much students use the technology in the classroom, and attitudes
toward technology. Few researchers have examined the factors that affect
students’ usage and attitudes toward computers in large-scale 1-to-1 computing
programs; yet, this is critical for understanding the impacts of interventions such
as these. Furthermore, this paper is among the first to examine a large-scale
dissemination of XO laptops, in particular.

In early 2008, the Mayor of Birmingham, Alabama, contracted with the One
Laptop Per Child (OLPC) organization to distribute an XO laptop to every
student in grades 1–5 in Birmingham City schools. XO laptops were originally
developed to be distributed to children in the third world countries. This was the
first XO laptop dissemination project in the US schools. The Mayor’s goal was to
provide students in this high-poverty, minority school system with the techno-
logical skills to compete in the increasingly technologically dependent social
world, and to eliminate digital inequality in Birmingham, Alabama.

The XO laptop is unique compared with many laptops, as it is based on the-
ories of constructionism, the idea being that students learn best by doing, creat-
ing, and experimenting in collaboration. All of the XO software, including the
operating system, is open source, thus providing individuals with the ability to
customize the XO in ways that better fit their own learning and teaching styles.

The purpose of this study is to examine how individual- and teacher-level
characteristics affect both XO laptop usage and attitudes toward XOs in this
large-scale 1-to-1 computing initiative in a low-income minority school district
in Alabama. Determining factors at the individual and teacher levels that facilitate
or constrain XO laptop usage may provide instrumental information for this school
system and others as they attempt to implement 1-to-1 computing programs.

Determinants of computer and Internet usage

Researchers often refer to youth as digital natives, as they were born when com-
puters and the Internet were present and increasing in use (Palfrey & Gasser 2008).
Children aged 8–10 years are exposed to high levels of technology/media per day
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(close to eight hours per day, on average) (Rideout et al. 2010). These high levels of
usage may be explained by increased access to technology and the development of
appealing new technology targeted toward younger aged children. Children aged
8–10 years, compared with older age groups, spend the least amount of time with
computers. With regard to time spent online, 70 percent of 8–18-year olds go
online in a typical day. Youth are more likely to go online at home (57 percent)
than at school (20 percent) or another location (14 percent).

Although considered digital natives, research illustrates that persistent
differences in computer and Internet use remain among certain groups of
youth in the US society (Eamon 2004; Pinkard 2005; Cooper 2006; Hargittai
2010; Rideout et al. 2010). To explain these differences, research has focused
on two interrelated concepts: the digital divide and digital inequality. Most
early researches focused on the concept of the digital divide, drawing on socio-
demographic factors to explain the ‘haves’ versus the ‘have nots’ in computer
ownership and Internet access (DiMaggio et al. 2004; van Dijk 2005; Hargittai
2008). More recently, researchers have begun to examine how initial digital
divides contribute to digital inequalities in technological skills, attitudes, beha-
viors, and activities (DiMaggio et al. 2004; van Dijk 2005; Livingstone &
Helsper 2007; Hargittai 2008). Digital divides in computer ownership and Inter-
net access continue to be important primary factors; but understanding how
differences in technology use contribute to social mobility requires a closer
examination of digital inequalities in skills, attitudes, and uses (Hargittai 2008).

Despite the diffusion of technology across social groups, variations still exist
in levels and types of technology ownership, access, and usage (Cotten & Jele-
newicz 2006; Hargittai 2008, 2010; Cotten et al. 2009; Davison & Cotten
2009; Rideout et al. 2010; Smith 2010). Eamon (2004) found that white
youth reported the highest levels of home computer ownership, followed by
Latinos, then African-Americans. Warschauer and Matuchniak (2010) reported
the mean number of computers per household for students in a California school
district to be lowest among Hispanics and African-Americans. Although racial-
group gaps in physical access to computers and the Internet may be shrinking,
African American, Latina, and Native American individuals are still being left
behind, while Asians and Whites are benefiting the most from technology due
to differences in technology socialization preparation in relation to the diversity
of usage contexts (Gorski 2005; Smith 2010; Warschauer & Matuchniak 2010).

Students from poor, urban areas have lower levels of technology usage than
those from more affluent areas (Eamon 2004; Morse 2004; Shelley et al. 2004;
Martin & Robinson, 2007). Existing inequalities in Internet usage among Black
and Hispanic children have been linked to the availability of computing resources
in the home (Cleary et al. 2006). These include whether there is a computer in
the home and the presence of adult(s) who use the Internet at home or outside of
the home. As Warschauer and Matuchniak (2010, p. 188) note, ‘Influence from
family members and friends can be critical in deciding whether and how to make
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use of computers and the Internet’. Lee et al. (2009) found that for children aged
10–13, being Black or Hispanic, age, neighborhood quality, and family income
to needs ratio are each associated with time spent using a computer. Minority and
low-income youth are less likely to have friends and relatives who are ‘sophisti-
cated users of digital media’ (Warschauer & Matuchniak 2010, p. 189). Having
parents who limit children’s time in particular activities was associated with less
computer use among older youth (Lee et al. 2009).

Wilson et al. (2003) found that low-income people and African-American
individuals at all income levels were less likely to have home computers or be
connected to the Internet. African-Americans’ and Hispanics’ Internet access
rates, particularly home broadband access, still lag behind those of Whites
(Crews & Feinberg 2002; Eamon 2004; Whitacre & Mills 2007; Rideout et al.
2010; Smith 2010). In addition to Internet access, ethnic disparities in ‘Internet
connectedness’ impact usage (Kim et al. 2007; Jung 2008). Internet connected-
ness reflects patterns or relationships that people have developed with the Inter-
net based on their history of computer use and ownership and sites of Internet
access, their Internet related goals, and how central the Internet is to their lives.

Age of first computer use and ownership of computers affect how youth
think about and use computers. Having a computer before 10 years of age
may impact whether children value computer skills and see the importance of
them for their future (Ching et al. 2005). Livingstone and Helsper (2007)
found that youth who have been online longer and use the Internet more
often tend to use a wider variety of online activities, and that perceived online
skills and self-efficacy correlate with a wider variety of online activities. Compu-
ter use at home may help youth acquire more sophisticated technological skills,
which ultimately affects their behaviors, attitudes, and responses to computers.
However, Livingstone and Helsper (2007) point out that providing home access
to computers and the Internet will not overcome the disadvantage of existing in
a low-socioeconomic status household in terms of breadth of Internet usage.
Similarly, Gorski (2005) adds that just providing computers will not eliminate
the existing patterns of inequalities in our society.

Attitudes toward using technology and computer anxiety may influence stu-
dents’ acceptance of new technology and how they use it (Selwyn 1997). Stanley
(2003) found that psychosocial factors, such as perceptions of lack of computer
ability, belief that computers are difficult to use, and computer anxiety posed sig-
nificant barriers to acquiring digital literacy skills among low-income adults.
Torkzadeh et al. (2006) found that individuals with less computer anxiety had
significantly higher gains in computer and Internet self-efficacy as they matricu-
lated through a computer course than those with higher levels of computer
anxiety. They also found that computer anxiety exerts more influence than
user attitudes. Students may experience greater self-confidence and reduced
anxiety through access to and exposure to computers while at school
(Poynton 2005). However, exposure is not a panacea for eliminating anxiety.
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Computer anxiety may prove challenging for the students who use them and the
educators who are integrating them into their curriculum (Chang 2005).

The ways that technology is used by others also impacts students’ use of
technology. Students develop specific beliefs about technology as well as patterns
of use and skills as a result of the way computers are used by classroom teachers
(Morse 2004). Before teachers can teach students how to use technology and
integrate it into their curriculum, they must have adequate training in using
the technology (Morse 2004). However, some researches suggest that even
when teachers are appropriately trained, teachers in lower socioeconomic
status (SES) schools will find it harder to integrate technology due to the
‘complexity of their instructional environments’, such as higher numbers of
at-risk students, limited students’ technology experience, and concerns about
standardized testing (Warschauer & Matuchniak 2010, p. 191).

The Birmingham XO project provides an interesting natural experiment on
the effectiveness of the XO laptop as a means to decrease digital inequality in a
low-income, minority school district. Our study advances prior work by focusing
on factors associated with computer usage (specifically, XO laptop usage) and atti-
tudes toward the XO laptop among elementary school students. Although some
researchers have examined computer usage in general, no one has examined XO
laptop usage in the United States in a large-scale study of this type. This is also one
of the few studies examining computer usage in a largely minority school system.

Methods

The dissemination of XO laptops in Birmingham City elementary schools pro-
vided the opportunity for a natural, longitudinally designed experiment. We sur-
veyed fourth and fifth graders at two time points, just before they received the
XOs and then about 4.5 months later, to examine the factors associated with
three outcomes measured in the posttest survey: (1) attitudes toward the XO
laptop, measured as students’ assessment of the impact of the XO on their aca-
demic achievement and XO usage, measured by (2) hours using the XO and (3)
the number of XO activities used at school. This study examines the effects of a
wide range of predictors including students’ demographics, digital use and
literacy, and students’ assessment of teachers’ technology usage and ability. A
series of ordinary least squares (OLS) models were used to examine the
effects of these predictors.

Sample

There were 39 elementary schools in the Birmingham City school district, 27 of
which participated in the study. Data were collected from fourth- and fifth-grade
students at two different time periods. The pretest surveys (T1) were administered
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about the time the XO laptops were distributed, and the posttest surveys (T2) were
given three to five months following the XO dissemination. Surveying occurred
between October 2008 and May 2009. Participation was voluntary, and a small
incentive was provided for those electing to participate. Surveys were read aloud
to students, but in a small number of cases, the surveys were self-administered.
Researchers were available for students requiring assistance.

The student enrollment at participating schools was 2,915. This study had a
52 percent response rate (N ¼ 1,583) for the pretest survey. Students were only
eligible for the posttest if they had participated in the pretest survey. A total of
1,202 student surveys were matched from both the pretest and posttest surveys.
We restricted our analytic samples to cases with no missing data on our three
dependent variables and independent variables. Thus, the analytic sample
varied by dependent variable: XO attitude N ¼ 1,075, missing 10.6 percent;
XO hours N ¼ 1,066, missing 11.3 percent; and XO application use N ¼
1,030, missing 14.3 percent. No single variable used in our analyses was
missing data on more than 3.7 percent of cases.

Students in this school system are primarily African-American (.90
percent) and 82 percent of the students qualify for free/reduced price lunch.
The characteristics of the analytic sample are similar to the population of
Birmingham City school students.

Outcome measures

We examined the factors associated with three outcomes measured in the posttest
survey. Our first outcome variable is a scale of students’ attitudes toward the XO
laptop at school (Cronbach’s a ¼ 0.730). Four questions assessed whether using
the XO laptops at school had a positive impact on students’ academic experience
(get better grades, get more out-of-class assignments, helps to learn, and get
more homework completed on time). Responses for each item were coded
0 ¼ disagree, 1 ¼ not sure, and 2 ¼ agree. The scale was constructed using a
minimum of three items with missing values imputed to the mean for seven
cases. The scale ranged from 0 to 8, with higher scores representing students’ per-
ception that the XO laptops had a positive impact upon their academic experience.

Our next two outcome variables measure two different dimensions of XO
laptop usage. The first measure is an ordinal measure of hours per day using
the XO, which ranges from 0 to 5 (0 ¼ I do not use this at all, 1 ¼ one to
two hours, 2 ¼ three to four hours, 3 ¼ five to six hours, 4 ¼ seven to
eight hours, and 5 ¼ more than eight hours). Our last outcome is a count vari-
able measuring the number of ‘activities’ used on the XO laptop while at school.
(In XO parlance, activities are the equivalent of what most would call
applications.) Though there are many activities on the XO, there are a few
core activities which have the greatest frequency of use. After examining our
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survey data and experimenting with several scales, we arrived at a scale that con-
sisted of five activities: write; chat; record audio, pictures, or video; memorize
(a memory game); and journal. Responses for each item were recoded from the
frequency of use at school (0 ¼ never to 3 ¼ almost every day or every day) to a
binary measure of use versus non-use at school. The scale was created only for
cases with no missing data on the five items (N ¼ 1,142), and excluded 60 cases.
The scale ranged from 0 to 5, with a higher value representing a greater number
of XO activities used (Cronbach’s a ¼ 0.769).

Independent variables

Students’ computer ability, use, and ownership

To assess the impact of early experiences with technology, we included factors that
measure students’ computer ability, use, and ownership in the pretest survey
prior to receiving the XO computers. Computer ability is an ordinal-level vari-
able measured by asking students how good they are at using a computer (0 ¼
not good at all, 1 ¼ okay, 2 ¼ pretty good, and 3 ¼ very good). Hours using
a computer is an ordinal-level variable that measures how many hours a day
they use a computer (0 ¼ I do not use this at all, 1 ¼ one to two hours, 2 ¼
three to four hours, 3 ¼ five to six hours, 4 ¼ seven to eight hours, and 5 ¼
more than eight hours). Computer use was measured by two variables: computer
use for entertainment and homework. Computer use for entertainment is a scale
constructed from four items asking students how often they use a computer to
play games on the Internet, watch videos on the Internet, listen to music on
the Internet, and create and upload video to sites such as YouTube (Cronbach’s
a ¼ 0.759). The ordinal-level responses (coded 0 ¼ never, 1 ¼ less than
once a week, 2 ¼ at least once a week, 3 ¼ several times a week, and 4 ¼
every day) were summed to create a scale with values ranging from 0 to 16.
Higher scores represent more frequent use of computers for entertainment.
The scale was created for observations with at least three of four items. Values
for missing items were imputed to the mean of the other scale items in 25
cases. Computer use for homework was measured by a single item with
ordinal-level responses (coded 0 ¼ never, 1 ¼ less than once a week, 2 ¼ at
least once a week, 3 ¼ several times a week, and 4 ¼ every day). Computer
ownership was coded as 1 ¼ own a computer and 0 ¼ do not own this.

Students’ assessment of teachers’ technology ability and use

A set of classroom-level variables measured students’ assessment of teachers’
ability and use of technology prior to the XO dissemination and teachers’
ability and use of the XO. Teachers’ ability using computers and the Internet,
assessed at the pretest, was measured by students’ assessment of their teacher’s
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ability and coded as 0 ¼ not good at all, 1 ¼ okay, 2 ¼ pretty good, and 3 ¼
very good. How much a teacher uses technology, assessed at the pretest, was
measured by students’ assessment of their teacher’s technology use and coded
as 0 ¼ none, 1 ¼ a little, and 2 ¼ a lot. Two variables measured at the posttest
were used to assess teachers’ ability using the XO and how much teachers use
the XO in class. Teachers’ ability using the XO was coded as 0 ¼ not good at
all to 3 ¼ very good. How much teacher uses the XO was coded as 0 ¼
none, 1 ¼ a little, and 2 ¼ a lot.

Demographics

Our models include gender (0 ¼ male and 1 ¼ female) and grade (0 ¼ fourth
grade and 1 ¼ fifth grade) for each of the students. We chose not to include vari-
ables measuring age and race in the multivariate models for several reasons.
First, we considered age to be too similar to grade level as a measure of physical
and cognitive maturation. Second, the sample was overwhelmingly (97.5
percent) of minority racial status, predominantly African-American (84.5
percent), with few students reporting being White (1.5 percent), Hispanic
(1.4 percent), American-Indian (3.3 percent), or Asian (0.84 percent). There-
fore, we suspected that these variables would not add to the predictive power
of our models. Preliminary analysis confirmed that age and race are not signifi-
cant predictors of our outcomes, and we chose to omit them from the final
models to be parsimonious. While we had measures of parents’ education
level, approximately 50 percent of the students reported not knowing their
parents’ education level during the survey.

Computer anxiety

Computer anxiety was measured using two items from the affective component
of Selwyn’s (1997) computer attitude scale. Students were asked if they dis-
agreed or agreed with the statements ‘computers make me uncomfortable’
and ‘using a computer does not scare me at all’ (reverse coded). Responses
were recoded from the original (0 ¼ disagree, 1 ¼ not sure, and 2 ¼ agree)
to a binary coding (0 ¼ disagree and not sure, 1 ¼ agree).

Analytic design

Our study focused on the factors associated with attitudes toward the XO laptop
and XO usage. Our empirical model specifies that these outcomes are a function
of four sets of factors: (1) students’ computer ability, use, and ownership prior to
receiving the XO; (2) classroom-level variables measuring students’ assessment
of their teacher’s technology ability and use prior to receiving the XOs and
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specific to the XOs; (3) students’ demographics; and (4) students’ computer
anxiety. As noted earlier in the literature review, computing attitudes also
affect usage. Thus, we included our measure of XO attitudes as a factor predict-
ing XO use. We did not include measures of SES (i.e. parents’ level of education,
occupation, and household income) in our models. Although these factors are
potentially important, it was noted during survey administration that many stu-
dents did not know their parents’ levels of education and occupation. Missing
values on parents’ levels of education showed that about 50 percent of the stu-
dents marked ‘I don’t know’. Data on household income were not included in
the survey, and are not available.

For each of our dependent variables (XO attitudes, hours of XO usage, and
XO activities usage), we estimated a regression model adding blocks of variables
that follow this general specification. Although each of the three outcome vari-
ables is a different level of measurement, the results and substantive conclusions
did not differ between the use of OLS regression and other regression methods.
Therefore, we present the results using OLS for all three outcome variables, as
this is the most parsimonious method. We used the ‘cluster’ command in Stata
10 to compute robust standard errors to adjust for the non-random distribution
of students, grouped by classes.

Results

Table 1 presents descriptive statistics for all variables. The mean age of the par-
ticipants was 10.4. The sample was 52.6 percent female and 84.5 percent Black.
Fifth graders made up 51 percent of the sample. The XO attitude scale had a
mean of 3.69 (range ¼ 0–8, with higher scores indicating more favorable
views toward XO). The mean hours of XO usage per day was 1.73. This indi-
cates that, on average, students use the XOs closer to three to four hours per day
(coded as 2) versus one to two hours per day (coded as 1). The XO activities
scale had a mean of 3.97 activities.

Students’ characteristics include measures of computer anxiety and compu-
ter ability, use, and ownership. Teachers’ characteristics include classroom-level
variables such as students’ assessment of their teachers’ technology ability and
use. Our sample is fairly computer savvy, with a mean computer ability at the
pretest of 2.4 out of 3. The means of the two computer anxiety items were
both very low, suggesting low computer anxiety.

What determines students’ perceptions that the XO laptop has a positive
impact on academic experiences?

The results given in Table 2 illustrate the factors associated with XO attitudes,
which measure the degree to which the XO has had a positive impact on the
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academic experience of the students. Model 1 regresses students’ computer
ability, use, and ownership on the XO attitude scale. Model 2 adds classroom-
level variables and students’ assessment of their teacher’s technology ability
and use. Model 3 includes controls for gender and grade in school. Model 4
adds the computer anxiety items.

In Model 1, only computer use for homework (at pretest) had any effect on XO
attitudes. Turning to Model 2, computer use for homework was still significant, as was
students’ report of teachers’ XO usage. Model 3 included controls for females and
grade 5; the effect of the students’ use of the computer for homework increased
and the effect of the students’report of teachers’ use of the XO was attenuated slightly.
Of the controls, only the effect of the measure of grade 5 was significantly different
from zero. The results suggest that fifth graders feel significantly less positively
about the XO than the fourth graders, all else being equal. Finally, Model 4 includes
the measures of computer anxiety, of which, neither were significant.

TABLE 1 Descriptives, students’ matched pretest to posttest.

N Mean SD Min Max

Demographics

Female 1,202 0.526 0.500 0 1

Age 1,202 10.409 0.683 8 13.1

Black race/ethnicity 1,184 0.845 0.362 0 1

Grade 5 1,202 0.510 0.500 0 1

XO attitude and use

XO attitude scale 1,195 3.690 2.422 0 8

XO hours 1,189 1.733 1.515 0 5

XO activity use scale 1,142 3.973 1.452 0 5

Students’ computer ability, use, and ownership

Computer ability T1 1,178 2.400 0.815 0 3

Hours using computer T1 1,153 1.512 1.383 0 5

Computer use, entertainment T1 1,193 10.549 4.414 0 16

Computer use, homework T1 1,183 2.281 1.651 0 4

Own computer T1 1,147 0.639 0.480 0 1

Students’ assessment of teachers’ technology ability and use

How good teacher is at using computers T1 1,202 1.517 0.399 0 2

How much teacher uses technology T1 1,202 1.053 0.365 0 2

How good teacher is at using XO 1,202 1.642 0.532 0 3

How much teacher uses XO 1,202 0.394 0.277 0 1.4

Students’ computer anxiety

Uncomfortable with computers T1 1,185 0.053 0.224 0 1

Scared of using computers T1 1,189 0.183 0.387 0 1
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What factors are associated with XO laptop usage?

XO hours models. The results from the five models are presented in Table 3.
The first four models include predictors that are the same as those in the
models discussed above (Table 2). The fifth model introduces the XO attitude
scale as an independent variable. The rationale behind doing this is straight-
forward – if students feel more positively toward the XO, it is reasonable to
assume that they will use it more. By including a measure of XO attitudes as
a predictor, it also underscores the common belief that attitudes precede
behavior change (Fazio 1990).

The items indicating computer use for entertainment and homework were
positively associated with XO usage and significant in most models, but
dropped from significance in Model 5. An interesting result was the significant
and negative relationship between prior computer ownership and XO usage. It
appears that the XO and home computers may be substitutes for students at
home.

Among classroom-level factors, students’ assessment of their teacher’s
ability of using computers was highly significant in determining the frequency
of students’ XO usage. However, the results indicate that classrooms in which
the teacher is ‘good at computers’ have students who use the XO less frequently.
This is an unexpected result; but may be due to the teacher being reluctant to
learn a new technology, and so the students continue to use more traditional
computer systems.

Student-reported teachers’ usage of the XO had a positive association with
students’ XO usage. This suggests that if the students perceive that their teachers
use the XO frequently, then they will follow suit. This is straightforward enough,
given that the example of the teachers will almost certainly impact students’
usage proficiency and frequency. However, teachers’ use dropped from statistical
significance in Model 5.

Another somewhat unexpected result was the positive and statistically
significant association between students’ discomfort with using computers and
XO usage. One possible explanation is that students who were uncomfortable
using computers previously had not had much exposure to computers. When
they received the XO, they started using it more than other students who
already had home computers.

Model 5 includes the XO attitude scale variable. The results show that the
posttest attitudes indeed had a highly significant and positive effect on XO usage.
Moreover, adding this factor nearly doubled the explanatory power of our
model.

XO activity use model. Our last set of analyses examines the factors associated
with the frequency of XO activity usage (Table 4). Among individual character-
istics, prior computer usage for homework was positively associated with activity
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TABLE 2 XO attitude scale regressed on students’ computer ability, use, and

ownership; students’ assessment of teachers’ technology use and ability;

demographics; and students’ computer anxiety.

Model 1 Model 2 Model 3 Model 4

Students’ computer ability, use, and ownership

Computer ability T1 0.178

(0.092)

0.170

(0.094)

0.172

(0.096)

0.169

(0.096)

Hours using computer T1 0.053

(0.059)

0.060

(0.061)

0.056

(0.059)

0.048

(0.060)

Computer use, entertainment T1 0.020

(0.017)

0.020

(0.017)

0.014

(0.017)

0.012

(0.017)

Computer use, homework T1 0.173∗∗

(0.052)

0.173∗∗∗

(0.051)

0.182∗∗∗

(0.051)

0.178∗∗∗

(0.051)

Own computer T1 20.019

(0.144)

20.026

(0.150)

0.064

(0.147)

0.095

(0.148)

Students’ assessment of teachers’ technology ability and use

How good teacher is at using computers T1 20.167

(0.299)

20.264

(0.317)

20.270

(0.314)

How much teachers use technology T1 20.254

(0.306)

20.331

(0.298)

20.345

(0.298)

How good teacher is at using XO 0.092

(0.216)

0.086

(0.204)

0.074

(0.201)

How much teacher uses XO 1.020∗∗

(0.386)

0.971∗

(0.398)

0.967∗

(0.396)

Demographics

Female 20.207

(0.160)

20.219

(0.159)

Grade 5 20.725∗∗∗

(0.202)

20.701∗∗∗

(0.202)

Students’ computer anxiety

Uncomfortable with computers T1 0.584

(0.376)

Scared of using computers T1 0.233

(0.191)

Intercept 2.523∗∗∗

(0.286)

2.515∗∗∗

(0.552)

3.243∗∗∗

(0.550)

3.241∗∗∗

(0.545)

N 1075 1075 1075 1075

Adjusted R2 0.020 0.032 0.054 0.056

Note: Robust standard errors in parentheses.

∗p , 0.05; ∗∗p , 0.01; ∗∗∗p , 0.001.
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TABLE 3 XO hours regressed on students’ computer ability, use, and ownership;

students’ assessment of teachers’ technology use and ability; demographics;

students’ computer anxiety; and XO attitude

Model 1 Model 2 Model 3 Model 4 Model 5

Students’ computer ability, use, and ownership

Computer ability T1 0.075

(0.062)

0.073

(0.062)

0.066

(0.062)

0.062

(0.062)

0.035

(0.062)

Hours using computer T1 0.079

(0.040)

0.083∗

(0.040)

0.081∗

(0.040)

0.076

(0.040)

0.070

(0.038)

Computer use, entertainment T1 0.026∗

(0.011)

0.024∗

(0.011)

0.021∗

(0.010)

0.019

(0.011)

0.017

(0.011)

Computer use, homework T1 0.065∗

(0.029)

0.067∗

(0.029)

0.070∗

(0.029)

0.067∗

(0.029)

0.042

(0.027)

Own computer T1 20.355∗∗∗

(0.097)

20.350∗∗∗

(0.100)

20.306∗∗

(0.100)

20.277∗∗

(0.096)

20.287∗∗

(0.094)

Students’ assessment of teachers’ technology ability and use

How good teacher is at using

computers T1

20.292

(0.158)

20.341∗

(0.144)

20.347∗

(0.142)

20.308∗

(0.145)

How much teachers use

technology T1

0.112

(0.145)

0.076

(0.143)

0.065

(0.139)

0.112

(0.125)

How good teacher is at using XO 0.192

(0.119)

0.191

(0.117)

0.178

(0.116)

0.169

(0.105)

How much teacher uses XO 0.536∗∗

(0.200)

0.515∗∗

(0.187)

0.510∗∗

(0.184)

0.362

(0.193)

Demographics

Female 20.012

(0.095)

20.023

(0.094)

0.006

(0.090)

Grade 5 20.401∗∗∗

(0.103)

20.383∗∗∗

(0.102)

20.279∗∗

(0.096)

Students’ computer anxiety

Uncomfortable with computers T1 0.629∗∗

(0.232)

0.549∗

(0.212)

Scared of using computers T1 0.115

(0.122)

0.083

(0.119)

Students’ XO attitude

XO attitude scale 0.149∗∗∗

(0.023)

Intercept 1.201∗∗∗

(0.167)

1.020∗∗

(0.316)

1.365∗∗∗

(0.316)

1.382∗∗∗

(0.307)

0.907∗∗

(0.296)

N 1066 1066 1066 1066 1066

Adjusted R2 0.028 0.048 0.064 0.072 0.127

Note: Robust standard errors in parentheses.

∗p , 0.05; ∗∗p , 0.01; ∗∗∗p , 0.001.
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TABLE 4 XO activities regressed on students’ computer ability, use, and

ownership; students’ assessment of teachers’ technology use and ability;

demographics; students’ computer anxiety; and XO attitude.

Model 1 Model 2 Model 3 Model 4 Model 5

Students’ computer ability, use and ownership

Computer ability T1 0.110

(0.058)

0.100

(0.060)

0.093

(0.060)

0.093

(0.060)

0.081

(0.061)

Hours using computer T1 0.018

(0.032)

0.026

(0.032)

0.025

(0.032)

0.026

(0.032)

0.022

(0.032)

Computer use, entertainment T1 20.012

(0.011)

20.013

(0.010)

20.013

(0.010)

20.013

(0.010)

20.014

(0.010)

Computer use, homework T1 0.130∗∗

(0.039)

0.130∗∗∗

(0.033)

0.129∗∗∗

(0.033)

0.130∗∗∗

(0.033)

0.112∗∗

(0.034)

Own computer T1 0.107

(0.106)

0.120

(0.097)

0.124

(0.093)

0.124

(0.092)

0.120

(0.092)

Students’ assessment of teachers’ technology ability and use

How good teacher is at using

computers T1

20.001

(0.178)

20.008

(0.178)

20.008

(0.178)

0.020

(0.174)

How much teachers use

technology T1

20.214

(0.343)

20.214

(0.339)

20.214

(0.340)

20.188

(0.333)

How good teacher is at using XO 0.023

(0.171)

0.026

(0.173)

0.026

(0.174)

0.023

(0.170)

How much teacher uses XO 1.151∗∗∗

(0.328)

1.151∗∗∗

(0.329)

1.151∗∗∗

(0.330)

1.069∗∗∗

(0.311)

Demographics

Female 0.084

(0.110)

0.084

(0.110)

0.103

(0.107)

Grade 5 20.082

(0.159)

20.082

(0.161)

20.019

(0.156)

Students’ computer anxiety

Uncomfortable with computers T1 20.009

(0.171)

20.063

(0.172)

Scared of using computers T1 20.003

(0.124)

20.022

(0.118)

Students’ XO attitude

XO attitude scale 0.088∗∗∗

(0.024)

Continued

A F F O R D A B L E T E C H N O L O G Y T O D E C R E A S E D I G I T A L I N E Q U A L I T Y 4 3 7



usage across all specifications. This may suggest that children who are more fam-
iliar with using computers for educational purposes have a broader range of abil-
ities when it comes to using a variety of activities.

Among classroom-level factors, students’ assessment of the frequency with
which teachers use the XO in the classroom was the only significant factor. This
could indicate that more in-class usage by teachers creates a greater familiarity
with the range of XO activities. Our posttest measure of XO attitudes was
also significant, suggesting that a positive educational experience with the XO
is associated with wider activity usage.

Summary and discussion

The results presented here are from the largest study examining XO laptops in
the United States, a study of a low-income, minority school district-wide disse-
mination of XO laptops. Our models showed some patterns of divergence and
convergence in terms of factors associated with hours of XO usage, frequency
of XO activity usage, and positive attitudes about the impact of XO laptops
on students’ academic experience.

Across almost all models, only two factors were consistent predictors. First,
computer usage for homework (at the pretest) was a fairly consistent factor,
though it did become non-significant in some of the fuller models. This suggests
that students with more experience using computers in academic pursuits used
more of the XO activities, and had more positive attitudes toward the XO impact
on their education. Second, students’ assessment of their teachers’ XO usage
also had an almost unanimously significant and positive effect on XO attitudes,
usage, and activity use. In classes where students reported that XOs were
used with greater frequency by teachers, there was an increase in usage and fam-
iliarity with the XOs by the students.

From a policy perspective, these results have some important implications.
In particular, our models show that the frequency with which students perceive
that teachers use XOs in the classroom has a significant impact on XO usage and

TABLE 4 Continued

Model 1 Model 2 Model 3 Model 4 Model 5

Intercept 3.412∗∗∗

(0.240)

3.179∗∗∗

(0.511)

3.196∗∗∗

(0.476)

3.196∗∗∗

(0.477)

2.896∗∗∗

(0.479)

N 1030 1030 1030 1030 1030

Adjusted R2 0.021 0.067 0.066 0.064 0.084

Note: Robust standard errors in parentheses.

∗p , 0.05; ∗∗p , 0.01; ∗∗∗p , 0.001.
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students’ perceived XO educational impacts. This suggests that measures to
improve teachers’ knowledge and ability of employing the XO in the classroom
would likely improve students’ experiences with this technology. This conclusion
is echoed by others who noted that effective implementation of laptops in the
classroom requires revising curricula, training, and technical support for tea-
chers and staff (Gibbs et al. 2009; Zucker & Light 2009). Gibbs et al. (2009)
found that teachers who attended training workshops rated themselves as
having higher ability of using technology applications and greater ability of
working with general technology. They were also more likely to use computers
more frequently in the classroom and to integrate technology into classroom
lessons. Students’ increase in technology use was associated with students’ per-
ception of teachers’ skill increase and usage.

Having more than a basic understanding of computers, knowing how to
implement technology appropriate to the students and ongoing teachers’ pro-
fessional development is crucial for providing students with the technological
skills that they need (Swain & Pearon 2003; Gorski 2005; Judge et al. 2006;
Valadez & Duran 2007; Gibbs et al. 2009). As Natriello (2001) pointed out
10 years ago, having technology without proper training, funding, and associated
equipment may adversely affect the overall effort to introduce the technology
into the educational system. Additionally, adoption efforts may be impacted
by ‘geo-ethnicity’ and connectedness (Kim et al. 2007; Jung 2008). The incor-
poration of new technology into minority communities may be challenged by
individual and group attitudes toward and interactions with technology as well
as structural factors of the environment in which they live.

This research is not without some important limitations. First, many of our
measures are based upon self-reporting by fourth- and fifth-grade students and
are subject to measurement errors and other potential biases. Examples
include our dependent variable measures (XO usage and activity frequency)
and students’ perceptions of teachers’ usage and ability. In future work, we
would like to obtain some objective measures in addition to self-reported ones
to attenuate possible self-reporting bias. Second, the time between the pretest
and posttest was, on average, only about 4.5 months. Though some effects
might begin to emerge over such a short time, it is likely that they would be
larger if the interval between pretest and posttest was longer. For example,
Suhr et al. (2010) found that positive effects for a 1-to-1 program did not
show up until year 2 of the program. Future work would benefit from a
longer time interval between the pretest and posttest. Third, our study
focuses on the XO laptop specifically. This is both a strength and a limitation.
It is a strength because our work extends the 1-to-1 literature to the specific
effects of the XO laptop. But it also poses a limitation in terms of external val-
idity. That is, because of the XO’s uniqueness, it may be unwise to draw direct
inference from our results to other 1-to-1 researches studying windows-based
PCs, for example. Finally, we do not have adequate data to measure parental
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education, income, and occupation, or other family and parental variables. Even
though all the schools in the school system have high levels of students receiving
free or reduced price lunch, an indicator of poverty, there is likely important
variation in these factors that may impact students’ access to, usage of, and atti-
tudes toward XO laptops and other technologies more generally. As others have
reported, families that have higher incomes may be able to acquire new technol-
ogy and related media that may be more appealing to youth (Lee et al. 2009),
which might potentially affect XO usage and attitudes.

In sum, our results illustrate that a fairly narrow range of factors affect
whether students use and how they perceive computers in this 1-to-1 OLPC com-
puting initiative. This research illustrates the importance of teachers’ preparation
and usage of the XO laptop in the classroom. From a policy perspective, our find-
ings are consistent with calls for better integration of computers into the curricu-
lum and adequate training for teachers to make use of them. It is our hope that our
work will inform future 1-to-1 computing initiatives in other urban school
districts so that these initiatives will succeed in decreasing digital inequalities.
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