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Abstract

The purpose of this literature review was to examine the relationship between student
access to a computer at home and academic achievement. The relationship of computers to
academic achievement has been a topic of researched since the introduction of the computer
to the classroom and instruction. Recently, research has concentrated on the use of computers
and the Internet in relationship to academic achievement. As society adopts computers in
different forms and in nearly every aspect of daily life, computer access outside the
classroom, specifically access at home and the relationship to academic achievement poses a
dynamic research question for which to review the literature. This literature review examines
the research available regarding the current state of computer access at home and the
advantages and disadvantages of computer access at home in relation to student academic
achievement. Socioeconomic influences as well as type of use for students’ accessing home
computers within that subset is also part of this literature review. Advocates of computer
access for students’ argue for ubiquitous incorporation of the computer into the educational
field as a means to promote constructivist instruction, anytime-anywhere learning
opportunities, as well as a means to maintain pace with society’s adoption of the computer in
the workforce. Studies are limited regarding the impact home access to a computer and the
impact on academic achievement. Little theoretical or historical evidence of how computer
access at home influences achievement was discovered in the literature. This literature
review reviewed focused on empirical studies and case studies that revealed access to
computers at home had mixed results on student outcomes, with mostly insignificant positive
relationships to and effects upon academic achievement for all students. Furthermore, the
literature showed that making a causal link between home access and academic achievement
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was difficult mainly because of the multitude of variables associated with such an
undertaking, e.g. socio-economic status and the way in which students used computers when
accessed at home, e.g. social networking or gaming.

HOME ACCESS TO COMPUTERS

6

Table of Contents

Chapter 1: Introduction .............................................................................................................. 7
Problem, Significance, and Purpose ................................................................................... 7
Rationale ............................................................................................................................... 8
Key Terms ............................................................................................................................ 10
Organization of the Review ................................................................................................. 11
Scope and Limitations.......................................................................................................... 12
Library Research Plan .......................................................................................................... 13
Chapter 2: Review of Literature ................................................................................................ 15
Theoretical Perspective ........................................................................................................ 16
Computers and Constructivism ........................................................................................... 18
Accountability ...................................................................................................................... 19
Types of Computer Use and SES Correlations .................................................................. 21
Home Access Demographics ............................................................................................... 25
Second Digital Divide .......................................................................................................... 27
Case Studies of Home Access Programs Increasing Achievement .................................. 29
North Carolina ......................................................................................................... 29
Maine ........................................................................................................................ 29
Iowa .......................................................................................................................... 30
Texas......................................................................................................................... 31
Case Studies Reporting No Statistical Difference in Achievement .................................. 32
Michigan................................................................................................................... 32
Massachusetts .......................................................................................................... 32
California.................................................................................................................. 33
Summary ............................................................................................................................... 33
Conclusion ............................................................................................................................ 35
References ................................................................................................................................... 37

HOME ACCESS TO COMPUTERS

7

Chapter 1: Introduction
Problem, Significance, and Purpose
The purpose of this study was to examine what we know about the relationship
between access to a computer at home and academic achievement. Are students who have
access to computers at home more likely to have higher academic achievement?
The direct link between computers and academic achievement has been the focus of
extensive literature for several decades. Studies have tried to explain the role and the benefit
of the computer in classrooms and on students’ academic achievement since the
mainstreaming of the computer into the classroom in the late 1990s (Cuban, 1998; Malamud
& Pop-Eleches, 2011; Wenglinsky, 1998). The initial body of literature explored the impact
of computer uses upon the classroom (Angrist & Lavy, 2002; Cuban, 1998; Dahmani &
Youseff, 2008). More recently, a second body of literature explored the impact of the Internet
upon the classroom computer and student academic achievement (Jackson, Von Eye, Biocca,
Barbatsis, Zhao, & Fitzgerald, 2006; 2011; Keller, 2009).
This qualifying paper investigated the impact of student computer access at home
upon academic achievement. “Surprisingly, the role of home computers in the educational
process has drawn very little attention in the literature” (Beltran, Das, & Fairlie, 2010, p.6;
Fairlie, 2013; Fairlie & Robinson, 2013). In the United States, the federal government has
made the integration of and provision of improved access to all students a mandated part of
the National Educational Technology Plan incorporated into the No Child Left Behind Act
(U.S. Department of Education, 2004). Home access to a computer and its impact on
academic achievement is a rich area for review especially as computer use and computer
integration becomes ubiquitous in American society and business (Malamud & Pop-Eleches,
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2011). The Gates Foundation, founded by Microsoft Owner Bill Gates, reported that at the
turn of this century, “Little research is available in this area” (Fouts, 2000 p. ii).
Consequently, this qualifying paper reviewed the literature on the question of the
relationship between students’ access to computers at home and their academic achievement.
Are students who have access to computers at home more likely to have higher academic
achievement? In general, what do us, as educational researchers know about the effects of
home computer use on academic achievement?
By the mid-1990s, computers had altered the nature of humankind very rapidly and
had revolutionized many diverse environments across the world (Cuban & Tyack, 1995). The
educational field was added to this list of diverse environments by the late 1990s as a
common tool of education accepted for instructional purposes (Cuban, 2009, 2010; DeSutter,
2004; Samuelson & Varian, 2001). Through this literature review, the general awareness of
students’ home access to computers and the impact that ubiquitous computing in education
can have on student academic achievement will be extended to technology facilitators and
policymakers for consideration.
Rationale
This question is important because current use of computers, whether at school or in
the classroom and even at home, are considered to be beneficial to student academic
achievement and accepted forms of instruction (Beltran et al., 2006; Cuban, 2009, 2010;
Fairlie, 2013; Livingstone, 2012). Principals and teachers believe they are beneficial (Beltran
et al., 2006). As such, perhaps computers used to enhance learning and information gathering
in these typical educational settings might be considered as an equally important means of
improving student achievement through full time home access to a computer (Schmitt &
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Wadsworth, 2004). Educational reforms especially those related to computers and
technology-based instruction are being implemented nationally and internationally at a rapid
pace (ISTE, 2012). Integrating the computer in all of its manifestations into the educational
field is a dynamic area of study especially in light of this rapidly evolving pace of computer
technology (Blazer, 2008; Dias, 1999).
Perhaps the most important reason to research this topic is the fact that the evidence
for effectiveness is both limited and mixed (Livingstone, 2012; Malamud & Pop-Eleches,
2011; Thomas & McGee, 2012) and often-spurious (Warschauer, 2010). Additionally, state
standards and federal mandates, combined with performance testing, suggests that computers
be linked not only to student learning but also to academic achievement (Beltran et al., 2006;
Fouts, 2000; ISTE, 2012; Wenglinsky, 1998).
Critics and even some students argue that computers, although beneficial in some
instances for enhanced instruction, cannot replace the central role of and importance of
teachers with a “black box” (Megarry, 2013, Abstract). Instructors who engaged in
traditional pedagogical instructional methods, it is argued would always be essential to
student achievement (Kolikant, 2012; Oppenheimer, 1997). Critics as well as advocates of
full time computer access argue that the digital divide issue could present a firm roadblock to
equal access of home computers for students of all races and an unfair challenge to minority
ownership for home placement (Wenglinsky, 1998; Fairlie, 2013; Megarry, 2013;
Warschauer, 2010). More recently, critics argue that computers at home entice students to
engage in unproductive use of the computer, e.g., gaming and social networking
(Subrahmanyam et al. 2000, 2001; Wirth & Klieme 2003 as discussed in Fuchs &
Woessman, 2004). These issues are of reasonable and historical consideration for families
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and schools, yet these concerns are fading arguments as virtual schooling, flipped
classrooms, video conferencing, higher order gaming simulations, and lower manufacturing
costs for computers, development of smaller computing units and phones, as well as the
growing presence of widespread public and private Internet connections made available for
teachers to extend learning opportunities outside of the school are expanded (Means et al.,
2009; Warschauer, 2004; Warschauer & Matchuniak, 2010).
Key Terms
Access
(n) Permission to enter a channel or network or to interface with a computer or a
device connected to a computer (Graves, 2009). (v) To gain entry to a channel or network or
to interface with a computer or with a device attached to a computer or network. For
example, when one logs onto a computer at work, home, school or in a public setting, one
accesses a computer and/or network (Graves, 2009).

Computer(s)
A computer is an electronic device that manipulates information, or data. It
has the ability to store, retrieve, and process data. You can use a computer to type documents,
send email, and browse the World Wide Web. You can also use it to handle spreadsheets,
accounting, database management, presentations, games, and more (Baldauf, Amer, and
Gower-Winter, 2014). Synonyms: personal computer, PC, laptop, netbook, ultraportable,
desktop, terminal, mainframe, Internet appliance, smartphone (Google, 2014).
A computer could be understood more easily based upon the characteristics and
functions of the multiple tasks, software and hardware associated (Rajarman, 2010).
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Computers are built to carry out a variety of instructions, e.g. add, subtract, read or write
characters, compare and analyze algorithms, computer code, applications, or programs that
are input correctly (Rajarman, 2010, p. 6). Google, one of the predominant Internet search
engines of the 21 st Century, defines a computer as an electronic device for storing and
processing data, typically in binary form, according to instructions given to the device in a
program allowing for variable processing.

Socioeconomic Status
Socioeconomic status (SES) is measured by determining education, income,
occupation, or a composite of these dimensions (Winkleby, Jatulis, Frank, & Fortmann,
1992). In educational research, SES is a statistical control used because established data
supports the notion that SES is a significant contributor to individual differences in
educational outcomes (Alexander, Entwisle, & Thompson, 1987; Coleman, 1966; Mercy &
Steelman, 1982; Roscigno, & Ainsworth-Darnell, 1999 as discussed in Dickinson &
Adeleson, 2014).
Organization of the Review
This literature review informs educators, teachers, school leaders, policymakers and
students on the potential impact of home computer access on academic achievement. The
paper is organized as follows. In the first section, the theoretical framework for undertaking
the literature review research question regarding computer access at home, for student use in
education is presented. This section includes a literature review of the relationship among
and between the computer and the learning theory of constructivism and the historical
framing of the computer in education. The following section reviewed the literature related to
the access of computers at home and any correlation to student academic achievement. This
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section identified and discussed common influential factors and/or variables that influence or
correlated to student academic achievement and computer access at home. This section
discussed the effect of socioeconomic status (SES) factors that affect the frequency and/or
type of computer use by students. Additional measures of academic performance were
considered in this section, including graduation rates, discipline, and homework completion
in regards to the relationship access to a computer has upon these variables. The third section
reported returns from studies of state sponsored initiatives regarding computer access at
home, viewed through national and international peer reviewed case studies (Spiezia, 2010).
The summary of findings concludes the literature review. The results of the literature review
are intended to show whether home computer access has any correlation to student academic
achievement.
Scope and Limitations
The literature review is concentrated in peer-reviewed research that investigated the
relationship of and any possible correlation to home access to computers has had upon
academic achievement. Little research has been done in the area regarding home access
(Blazer, 2008; Fairlie, 2013; Livingstone, 2012). This void of knowledge, as well as the rapid
evolution of the computer in society, including types of computing devices presents a
challenge to researchers trying to maintain pace with technology and its role in educational
instruction.
This literature review does not research specific operational processes of the
implementation of computers and technologies into educational settings, e.g. computer labs
or classrooms (Rabelais, 2014). Discussion of teacher computer training, implementation and
professional development of computing skills was not a part of this literature review. This
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study did not deliberate specific technology policy guidelines nor individual state or local
standards. Case histories from international studies are presented as well as results from
national trials and local computer access initiatives. Extensive research exists on the
influence of the Internet on academics and therefore is not a central point of research for this
literature review. A discussion of the digital divide was included as it relates to the literature
review question. Students can use software at home that may be independent of the Internet
for academics. Likewise, specific software programs, learning modules or applications may
be referenced but were not a significant part of the research plan.
Library Research Plan
Numerous web-based sources, both printed and digital professional journal articles,
dissertations, newspapers, magazines and published books were explored to obtain literature
germane to computers and the relationship to student home access and academic
achievement. A robot email news alert system notified me of any publications posted to the
Internet for prominent scholars writing on the subject of computer access and education.
These news alerts as well as reading of these scholars’ blogs and viewing videos posted
online were also part of the literature review background. Review of standard setting nongovernmental organizations involved in computer and education policies were also a part of
the research, e.g., International Society Technology in Education (ISTE), although policy
was not analyzed. Several editorials and articles from local and national newspapers
reporting anecdotal evidence, narratives and reviews of scholarly studies were also a part of
the research. Technology and education related commission, consortium reports, both
governmental and non-governmental were also used in the research. In addition, scholarly
and peer reviewed journals were used for research. A number of reports from state
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databases including Educational Resources Information Center (ERIC), Edutopia, Ed.gov,
National Center for Educational Statistics (NCES), National Assessment of Educational
Progress (NAEP), Google Scholar, and LOUIS (The Louisiana Library Network) provided
access to national and international reports (Rabalais, 2014). The review contains sources
from both quantitative and qualitative research.
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Chapter 2: Review of Literature
The development and dissemination of information and communication technologies
has had a concentrated effect on modern life and modern education (Cuban, 2001; Fairlie,
2013, Livingstone, 2013; Yu, 2008). The affordances of newer, more compact, and more
powerful processing hardware, intuitive interactive user interfaces and other developments
has increased adoption of computers into society and education at an unprecedented pace
(Fairlie, 2014; Yu, 2008; Megarry 2013; Warschauer & Matchuniak, 2010). The growing
ubiquity of computers in society combined with an expanding presence in educational
settings, especially in the homes of students could influence students in unprecedented ways.
Therefore, it is prudent to ask, has access to computers at home had an impact on student
academic achievement? This qualifying paper reviewed the literature associated with
computer use in education and specifically reviewed literature that investigated any
relationship student access to a computer at home may have upon academic achievement.
The limited body of research reviewed linking computers with student academic
achievement over the past twenty-five years reported an association with marginally
improved academic achievement (Angrist & Lavy, 2002; Beltran et al., 2008; Borsheim,
Merritt, & Reed, 2008; ISTE, 2008, 2012; Warschauer, 2010). However, the totality of the
available research reviewed was mixed (Fairlie, 2013; Schmitt & Wadsworth, 2004). Some
studies revealed this positive association to be small, often statistically insignificant and at
times negative in different areas of academic performance, notably academic achievement
variance across subject areas (Wenglinsky, 1998). The results in the literature review are
generally consistent with in the research conclusions regarding the impact home access to a
computer has on academic achievement. The literature reported that influence, relationship
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and any impact that home access to a computer had on academic achievement was dependent
upon multiple variables and characteristics associated with the student and/or study focus. A
variety of household characteristics correlated with computer access and educational
outcomes (Malamud & Pop-Eleches, 2011; Fairlie, 2013; Schmitt & Wadsworth, 2012;
Warschauer, 2010; Wenglinsky, 1998). Specifically, the more influential factors that
impacted student academic achievement were mostly dependent upon the students’
socioeconomic status and the type of computer use engaged in while accessing a computer at
home (Angrist & Lavy, 2002; Beltran et al., 2008; Blanton, Moorman, Hayes, & Warner,
1997; Clotfelter, Ladd & Vigdor, 2008; Dynarski, 2007; Fairlie, 2013; Fuchs & Woessman,
2004; Goolsbee & Guryan, 2006; Higgins, Xiao, & Katsipataki, 2012; Inan & Lowther,
2009; Li, Atkins, & Stanton, 2006; Livingstone, 2012; Mahlamud & Pop-Eleches, 2008,
2011; Rouse & Krueger, 2004; Toyama, 2011; Vigdor & Ladd, 2010; Warschauer, 2010;
Warschauer & Matchuniak, 2010; Wenglinsky, 1998). In fact, once control for various
household characteristics were implemented, correlations with home access to computers and
educational outcomes, consistently produced mixed support for the view home access was
associated with improved educational achievement (Schmitt & Wadsworth, 2004). Fairlie
and Robinson wrote, “There is no strong consensus in this literature on whether the effects of
home computers are positive or negative” (Fairlie & Robinson, 2013, p. 2).
Theoretical Perspective
Little theoretical support exists for the mandating the use of computers in education
as a means to improve academic achievement (Beltran, et al., 2008; Fairlie, 2013). Alper and
Gulbahar (2009) reported that only a few researchers addressed teaching theories and
learning models for computer environments and any effect upon academic achievement.
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They conducted research to investigate the theoretical basis of related articles published to a
Jordanian national online journal from 2003-2007. Though their results were not
generalizable, the authors reported that a global shortcoming in the theoretical basis for
research appears to be related to the youth of the academic subject combined with the speed
of technology in this area of research despite the location (Webster & Watson, 2002 as
discussed in Alper & Gulbahar, 2009, p. 8). Evidence of computers having any positive
benefits as a pedagogy is scattered and typically tailored or gathered from smaller studies
(LeBaron & McDonough, 2009 as discussed in Livingstone, 2012, p. 10). In early research,
Warschauer and Healey (1998) considered the mechanical input a model similar to the
behaviorist model of Skinner (as discussed in Bataineh & Baniabdelraham, 2006,
Introduction). Beetham and Sharpe hinted that Jean Piaget’s learning theories and his
influence on education in the form of the construction of knowledge was conducive to the
implementation of the computer in education, i.e. gathering knowledge, observing and
building upon that information (Beetham & Sharpe, 2013).
Seymour Papert, protégé to Piaget and advocate for constructivist and what he termed
constructionist educational pedagogy argued for a full-scale shift in instructional pedagogy
toward incorporating computers into the curriculum (Papert, 1999). Papert argued that
computers were likely to be the motivational instrument that led to implementation of full
time constructivist education in modern society. “The computer alters the nature of the
process by shifting the balance between the transfers of knowledge from instructor to the
production of knowledge by students” (Papert, 1991 p. 10.). In 1996, Papert reiterated his
faith in computers, noting that a computer outside the control of schools would be most
successful in promoting the constructivist philosophy. He expressed the necessity to integrate
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the computer into students’ educational lifestyles rapidly as the computer was the American
lifestyle (Papert, 1996, par. 11).
Papert wrote,
The minimal action that will make a serious difference in education is
ensuring that each and every child has a personal computer, which is mostly about opening
new methods of learning by having full time access to a computer” (Papert & Caperton,
1999, sec., VI).
Despite the welcome and common placement of the computer into the classroom in
the 1990s, few theorists were convinced of its necessity and even fewer researchers
anticipated the influence access to computers outside of the classroom could have upon
instructional pedagogy and student achievement (Beltran et al., 2010; Christensen & Horn,
2008; Cuban, 1998; Oppenheimer, 1997).
Computers and Constructivism
Contemporary educational policy makers and academia emphasize constructivist
instructional methods as the predominant educational theory employed to promote higher
order thinking in students (Lowe, 2004; Yu, 2008). Constructivism is grounded in the belief
that learning is constructed by human interactions and decisions where learners construct
knowledge based on what they already understand as they make connections between new
information and old information (Beetham & Sharpe, 2013; D’Angelo, et al., 2009). The
connection between computer use and constructivist classroom instructional methods was
well documented in the research (Duffy & Jonassen, 1992). Strommen and Lincoln (1992)
were early adopters of integrating contemporary computers into education as a constructivist
tool. In 1992, the pair outlined ways in which to integrate computers into the traditional
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curriculum under constructivist pedagogy. They argued that constructivism, computers, and
learning have much in common that could be the basis for a pedagogical change associated
with the educational system.
Strommen and Lincoln wrote,
Embrace the future and empower our children to learn with the cultural tools
they have been given. Computers, engage children with the immediacy they are used to in
their everyday lives, and bends it to a new pedagogical purpose (Strommen & Lincoln, 1992.
p. 469).
Accountability
Having more access to computers has not automatically led to their greater
effectiveness. Wenglinsky (1998) set the tone for measuring the effectiveness of computing
in education, noting that it could be judged by whether the computer benefits students, i.e.,
academic achievement. Wenglinsky (2005) analyzed data of the NCES National Assessment
of Education Progress (NAEP) database, commonly referred to as the nation’s report card,
from 1996 for any evidence existing regarding access to computers in education, both at
home and in class, to that of academic achievement. He found a negative interaction existed
between computer uses in the classroom and computer use at home and test score outcomes
in mathematics at both the fourth and eighth grade level, and in science at both the fourth and
eighth grade level, and reading at the eighth grade level (Wenglinsky, 1998; Warschauer &
Matchuniak, 2010, p. 204). In contrast, in literacy and reading achievement, 14 out of 19
International Society for Technology Education (ISTE) studies reviewed from 2000-2008
showed strong positive effects of home computers on reading achievement (ISTE, 2008). In
science, ISTE research revealed positive effects of the home computer on students’ science
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achievement assessments (ISTE, 2008; Dunleavy & Heinecke 2007). Other research on the
influence of computer use on student achievement was reported to have many benefits for
students regarding academic achievement, including improved performance scores in core
subject areas (Attewell & Battle, 1991). Johnson (2000) studied the effects of accessing a
computer using NAEP reading scores where he used a multiple regression to analyze the
effects of the computer and other variables, such as familial income upon student
achievement (Davis, 2004). Although his focus was on the quality of teacher instruction,
Johnson’s multiple regression model demonstrated that at least on the NAEP reading test for
both fourth and eighth grades computer access had no effect on academic achievement of
students (p. 8).
Research on computers and the relationship to academic achievement and student
performance remains mixed, presenting positive and negative evidence of the influence upon
student learning and assessment (Cuban, 1995, 2001; Giacquinta, Bauer, & Levin, 1993;
Johnson, 2000; Oppenheimer, 2003; Ravitz, Mergendoller & Rush, 2002; Rochelle, 2000;
Stoll, 1995). These mixed results generally agree that the degree of impact access to a home
computer had upon academic achievement was determinant upon societal, contextual,
environmental and behavioral factors. Fuchs and Woessman (2004) caution that evidence on
the relationship between computers and students’ educational achievement was misleading
because computer availability at home is correlated strongly with a myriad of other family
background factors. The research reported in this literature review consistently reported that
the potential for computer access at home to improve academic achievement could be
attributed most importantly to two significant variables, socioeconomic status (SES) and the
type of computer use engaged in by the student at home (Al-Senaidi, Lin & Poirot, 2009;
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Mahlamud & Pop-Eleches, 2008; Warschauer, 2010; Wenglinsky, 1998, 2008). Warschauer
and Matuchniak (2010) reported that student socioeconomic status (SES) was the strongest
factor that predicted whether computer use would be positively or negatively associated with
test score outcomes and academic achievement (p. 204).

Types of Computer Use and SES Correlations
Wenglinsky (2008) emphasized that the conflicting data reported was influenced
heavily by the results of activities predominately used with the computer, especially with
lower SES students. He found the more constructivist directed computer use with higher SES
students was correlated with higher test score outcomes. For instance, in mathematics,
Wenglinsky (2005) found that the utilization of simulations in eighth grade and the use of
complex games in the fourth grade-impacted test scores positively, while drill and practice
exercises at the eighth grade level negatively affected scores. Again, emphasizing use,
Wenglinsky concluded that the more familiar drill and practice activities favored in low SES
schools tend to be ineffective, whereas the uses of computers in high SES schools that
applied a more constructivist approach in computer use achieved results that were more
positive (Wenglinsky, 1998, 2005). This point was consistent with Viadero’s (1997) who
posited that when used in tutorial or drill and skill fashion, use of the computer leads to
student gains roughly equivalent to other kinds of classroom interventions such as personal
tutoring. Types of computer use have also been associated directly with differing levels of
socioeconomic status.
In the 2001 Programme for International Student Assessment, Mahlamud and PopEleches (2008, 2011) found similar results in their analysis of the impact of vouchers
provided for home computers for students living in low SES home environments. The data
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suggested that home access to a computer failed to show significant improvement in
performance scores. Mahlamud and Pop-Eleches (2008) concluded that any negative
relationship in the PISA study depended on the form of use for which the computer was
accessed. Attewell and Battle (1999) used the National Longitudinal Youth Survey
(NLYS88) based on standardized tests and found that without other controls, having a home
computer was correlated with a 12% increase in both reading and math test scores. When
SES and other factors were controlled for in their analysis, having a home computer raised
test scores by a smaller 3% to 5% of the average score. Their findings suggest that students
having access to a computer at home have marginally improved scores in reading and
mathematics (Ben Youssef & Dahmani, 2008).
This finding was confirmed by Clotfelter et al., (2008) who reported that SES
mitigated the impact having access to a home computer and the Internet had upon academic
performance. Clotfelter et al., (2008) supported the results of Fuchs and Woessman (2004)
finding that 5th through 8th grade students perform better on math and reading tests when
there is no access to a computer at home. Clotfelter et al., (2008, p. 38) reported that the
optimal rate of use is infrequent, twice a month or less and that for the average student, the
introduction of home internet service did not produce additional benefits in academic
achievement. They reported that students who accessed a home computer for school once or
twice per month scored between four to five percent of a standard deviation higher on both
reading and math assessments and students who owned a computer and did not use the
computer for school, had math scores nearly indistinguishable from those without a home
computer. These students, (who own a computer and do not use the computer for homework)
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scored slightly better in reading than those students reporting no access to a home computer
(Clotfelter et al., 2008).
Scardamalia and Bereiter (2003) reported that the use of computers e.g. keyboarding,
web page viewing, emailing, etc., was less engaging, a lower level of learning, i.e., nonconstructivist, as Papert had originally suggested, and Wenglinsky originally reported.
Warschauer (2010) argued that simple nonetheless useful skills were beneficial to academic
achievements for all students, but more importantly were not an efficient model of computer
use for maximizing constructive learning with computers. He suggested that computers be
used to engage collaborative student centered work on real life project based situations or
simulations. Warschauer (2010) noted that full time any time computer access presented
students an active challenge to the material presented. This argument also parallels Papert’s
earliest writings regarding computers in education while confirming Wenglinsky’s research
into the relationship computers have upon student performance (Wenglinsky, 1998).
Warschauer and Matchuniak (2010) confirmed Papert’s original assertion writing,
The most persuasive evidence that access to computers raises standard
academic outcomes, such as grades, test scores, and graduation rates, comes from home
rather than school settings may be the case that at home, people are more able to make
computers part of their personal space and tailor them to their needs (p. 220).
Beltran et al., (2010) found a relationship between home ownership of computers and
high school graduation rates. They found a differential in graduation rates between computer
owners and non-owners of 24-percentage points in the NLSY97 data and 16-percentage
points in the CPS data. They noted that the 16-point difference found in the CPS data was
larger than the White/Black difference (13 points) in the NLSY97 data, yet the differences
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between and among teenagers of all races was comparable. Beltran et al., (2010) attributed
the difference in computer ownership to a wide range of factors, most notably SES and type
of use. Despite this, they reported an increase of six to eight percentage points in student
graduation rates for those who had access to a computer at home. Fairlie (2013) reported no
improvement in credits earned, improved attendance, or disciplinary actions.
Beltran et al., (2010) found that having access to a computer was associated with a
slight 0.22 point positive difference in grade point average based on a four point grading
scale, equal to roughly 2/3 the value of a (+) or (−) grade. They reported findings similar to
earlier studies discussed that noted the influence extraneous factors had in any attempt to
determine a causal relationship of computer access to academic achievement and improved
performance scores. Beltran et al., (2010) noted that the use of a home computer for
homework or associated schoolwork was a principal activity for those students that had
access at home. They cited data from the CPS that reported 93% of U.S. public school
students who had access to a computer at home used them for school assignments.
Nevertheless, the Beltran et al., (2010) research confirmed earlier studies that noted the
importance of extraneous factors when computer use studies attempted to determine any
causal relationship of computers to academic achievement and improved student
performance.
Students used home computers for many purposes (Fairlie, 2005). The most common
use reported by students was to gain access to the Internet, followed by gaming, emailing,
and word processing. Fairlie (2005) noted that students reported accessing a computer at
home primarily to complete school assignments (p. 6). The ISTE (International Society for
Technology Education) reported that strong positive effects were seen in scores among
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elementary and secondary students that used computers to complete homework that
reinforced the instructional objectives addressed during class (ISTE, 2008, Policy Brief, p.
6). Malamud & Pop-Eleches (2011) reported that low income students who were provided a
voucher awarded computer for home use, were detracted from homework completion and the
computer acted as a distraction.
Papanastasiou, Zemblyas, and Vrasidas (2003) found the way in which computers are
used was more determinant of the positive or negative effect on academic achievement rather
than SES, which they contended had a lesser effect on student outcomes (North Central
Regional Educational Laboratory [NCREL], 2005). Mahlamud and Pop Eleches (2008) used
the PISA results to find that computer use was negatively associated with high student
achievement in some countries (Papanastasiou et al., 2003, CESifo, 2004). More specifically,
15-year-old U.S students, based on the data from the PISA, showed that once accessed, the
manner of use of the computer was associated more significantly with a positive or negative
effect on performance scores (CESifo, 2004), especially in subject specific assessments.
Papanastasiou et al., 2003, reported that when students’ SES was controlled for, their results
indicated that the students, who used computers frequently at home, including for the
purpose of writing papers, tended to have higher science achievement.
Home Access Demographics
In 2000, the Kaiser Family Foundation interviewed a nationally representative sample
of more than 2,000 eight to 18-year-old children enrolled in public schools and found that
74% of the students reported living in houses with computers. The percentages rose to 78%
for 11to 14-year-olds and 80% of 15 to 18-year-olds who reported computer access at home
(Roberts, Foehr, & Rideout, 2005). Households with children had greater access to
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computers than the general population. According to CPS data cited in Warschauer &
Matchuniak (2010), 70% of family households with kids under the age of 18 had computers
and Internet access at home when compared to 57% of households without children (p. 183184), suggesting children, presumably partaking in some form of necessitated access to a
computer.
In fact, approximately nine out of 10 high school students who had access to a home
computer used that computer to complete school assignments (Beltran, et al., 2008; SRI,
2002). Laptop programs indicated high rates of use of the computers for homework (Mitchell
Institute 2004; Urban-Lorain & Zhao, 2004). Students report that home access to a computer
has allowed an amount of flexibility that is more conducive to self-directed learning,
individualization, group collaboration, extended learning opportunities and increased
motivation (Thomson, 2010).
Research data indicated that access to computers at home provided autonomy for
students in an environment that is difficult to replicate outside of the home environment (see
discussion in Dimaggio, Hargittai, Celeste, & Shafer, 2004; Fairlie & London, 2009). Beltran
et al., (2010) suggested that many students used computers at school and libraries but noted
home access “Represents the highest quality access in terms of availability and autonomy,
which may provide the most benefits to the user” (p. 10), which paralleled Thomson’s 2010
findings. Access to a home computer was reported to increase familiarity with computing
skills and strengthen understanding of the material presented in the classroom, as a result
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arising in an increased value of computer access (Mitchell Institute, 2004; Underwood, J.,
Billingham, & Underwood, G., 1994).
The Pew Internet and American Life Project interviewed 700 students’ parents by
telephone in 2008 regarding access to computers in the home. The report showed that 89% of
students ages 12 to 17 used a computer to access software and the Internet at home or any
available location or time (Lenhart, Arafeh, & Smith, 2008), which confirmed the Roberts,
Foehr & Rideout, 2005 study. Fairlie reported that despite the increase in access to computers
at home, households without computers tend to be substantially poorer and less educated than
other households (U.S. Department of Commerce 2011 as cited in Fairlie, 2013, p. 2).
Robinson and Fairlie (2013) cited research from the National Telecommunications and
Information Administration of 2011 that reported roughly 1 out of 4 U.S. public school
students did not have access to a computer at home (Robinson & Fairlie, 2013, p. 21).
Robinson and Fairlie, wrote,
While this gap in access to home computers seems troubling, there is no
theoretical or empirical consensus on whether the home computer is a valuable input in the
educational production function and whether these disparities limit academic achievement
(2013, p. 21).
Second Digital Divide
In regards to home access, the 2003 Census Population Survey (CPS) data contained
statistical proof of a home use divide not categorized by race nor SES for access but by type
of use by students’ (DeBell & Chapman, 2006) again confirming Wenglinsky’s earliest
research (1998). Cotten, Davison, Shank and Ward indicated that white access to a computer
and the Internet, (in a racially diverse mid-Atlantic school district) did not report any
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advantage over several other differing races and ethnicities in the study (2014). They
reported the finding was true even when accounting for a number of socioeconomic and
demographic background factors “…that are known to affect Internet usage” (Section,
Findings). Their study added to the evidence that within the United States the digital divide
has become more about what the authors term “other dimensions” such as how the Internet is
used, rather than merely access or ownership (Cotton, et al., 2014, section Research
Implications).
Warschauer (2010) suggested that many aspects of the digital divide may be
dissipating in terms of access and use amongst racial groups,
Evolving over time into a more dramatic divide occurring in the level of
constructivist instruction provided lower SES schools to those of schools with higher SES
ratings (p. 199).
Warschauer (2010) referenced the 2 nd divide discussed in Scardamalia and Bereiter
(2003) in which they noted drill and repeat use of the computer resulted in shallow or rote
learning. Attewell and Battle (1991) originally foreshadowed limiting computer use to rote
applications suggesting lower SES schools employed fewer computer literate teachers and
were often located in low SES school districts that had schools with limited resources.
Attewell (2001) considered this 2 nd divide an emerging new social problem that threatened
students’ learning outcomes (p. 252). Warschauer believed the 2 nd divide issue to be one of
great concern and expressed the need to “Deepen public understanding of this issue through a
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more thorough appraisal of what access to computers entails and of the ends that such access
serves” (Warschauer, Conclusion, 2009).
Case Studies of Home Access Programs Increasing Achievement
Several state programs reported that student performance increased when computers
were used at home, in combination with traditional instructional methods (Fouts, 2000).
Personal engagement with new media and computers provided a seamless learning
experience for many students especially when blended into traditional instruction (Gee, 2003,
2004; Jenkins, 2009).
North Carolina
In North Carolina, several high poverty elementary and middle schools implemented
the IMPACT systemic reform program in 1995 (North Carolina Department of Public
Instruction, 1995). The program provided access to computers for student use in core
curricular classes, in an attempt to improve student performance scores. In the four-year
study, students in high need schools enrolled in the IMPACT program demonstrated that they
were 33% more likely to improve one full grade level each year in comparison to the control
schools (SETDA, 2008). Student achievement was reported consistently higher in the
IMPACT schools and teacher retention was reported to be 65% higher under the program.
The number of college bound students also increased from 26 % to 84% over a five-year
period of the program (SETDA, 2008).
Maine
In 2002, The Maine Learning Technology Initiative (MLTI) provided full time access
to computer laptops for all seventh and eighth grade students. By 2009, the state expanded
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the program to include high schools (Stephens, 2012). Analysis of the results revealed that
students with computer laptops scored higher in science, math, writing, reading, and social
studies, while students who did not participate in the program scored lower in these subjects
on the annual Maine Educational Assessment (MEA) statewide performance test than those
with computer laptops (Lemke & Martin, 2003; Muir, Knezek, & Christensen, 2004;
Silvernail & Gritter, 2007). As noted by Rockman (2004), critics of Maine’s computer laptop
program asserted that the $28 million per year investment was not cost efficient because the
program failed to produce any results that could be interpreted as influencing student scores
in an empirically significant positive outcome.
Iowa
Ravitz, Mergendoller, and Rush (2002) analyzed the Iowa Test of Basic Skills (ITBS)
reading, language arts, and math scores for 31,000 Idaho students in 8 th and 11th grades. They
found that students who scored higher on the ITBS used computers more often at home and
less often in school. Blazer (2008) suggested the ITBS results could be a result of the lack of
prior computer use at home, which she considered a larger barrier to improved student
performance than the lack of access to a computer at school. Ravitz, et al., (2002) reported
that students’ with access both at home and school, declared that their personal computer
literacy capability was greater than students with access to a computer at only one location,
i.e. school or home. Students with access to a computer at home and not at school selfreported their computer literacy and software knowledge as average, whereas those with
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access to computers only at school rated their software and computer capabilities as below
average (Blazer, 2008).
Texas
In Texas, the Technology Immersion Pilot (TIP) program implemented in middle
schools across the state demonstrated that discipline referrals went down by more than onehalf with the addition of the computer in to one particular high school. In a separate middle
school participating, 6 th grade standardized math scores increased by 5%, 7th grade by 42%,
and 8th grade by 24% (SETDA, 2012). Despite these positive results, the TIP program
reported ultimately that student academic achievement in 22 of the TIP schools had no
significant academic gains when compared to 22 similar control schools (Blazer, 2008).
Stephens (2012) acknowledged the improved standardized test scores reported in the
TIP data for middle school reading students as just one of many benefits computers provided
students (p.2). She relied upon and quoted Warschauer (2006, 2008), directly, who concluded
that the addition of computer technology made possible, ‘Literacy processes more public,
collaborative, authentic, and iterative, with greater amounts of scaffolding and feedback
provided’ (Warschauer, 2008, p. 64 as quoted in Stephens, 2012), which was a point
emphasized by Wenglinsky, (1998, 2005) and envisioned by Papert (1991, 1996). However,
in Texas, many participating schools restricted allowing computers to be taken home, which
weakened the main effect, that Robinson and Fairlie (2013) said, “resulted in providing one
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computer for every student in the classroom, rather than to increase home access” (Endnote
5., p. 3).
Case Studies Reporting No Statistical Difference in Achievement
Michigan
In a 2006 state sponsored program, Michigan enlisted 195 schools into the Freedom
to Learn (FTL) program designed to increase student academic achievement. Blazer (2008)
reported that no significant differences in student achievement were found between eight
control schools participating in the program and eight schools abstaining from the program
(p. 16).
Massachusetts
O’Dwyer, Russell, Bebell and Tucker-Seeley (2005) studied the relationship between
4th grade students and the use of computer technology on the English Language Arts (ELA)
section of the Massachusetts Comprehensive Assessment. They reported finding no
relationship between students’ scores and computer access at home once SES was controlled
for in the data (O’Dwyer, et al, 2005). Blazer (2008) reported that the O’Dwyer et al., 2005
study showed that those students who reported higher levels of recreational home computer
use received lower performance assessment scores. They also reported no relationship
between students who used their computers at home for academic activities and improved
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performance scores. Al Senaidi et al., (2009) noted that results from studies on this topic
might indeed be mostly attributable to SES.
California
Fairlie (2013) followed with a study that provided evidence on the educational
impacts of home computers by conducting a randomized control experiment with 1,123
students in grades 6-10 attending 15 schools across California, where students were provided
free home computers at any level. None of the students participating in the study had a home
computer before the study began. Fairlie (2013) found that even though the experiment had a
large effect on computer ownership and total hours of computer use, there was no evidence
of an effect on educational outcomes, including grades and standardized test scores. Fairlie
(2013) notes, “Our estimates are precise enough to rule out even moderately-sized positive or
negative effects (p. 4)”.

Summary
Prior studies that examined the relationship between home computers and student
academic achievement found mixed results. In one of the seminal studies regarding this,
Wenglinsky found a positive association between home access to a computer in the data from
the 1995 NAEP for specific subject areas, yet reported the influence as insignificant.
Attewell and Battle (1999) found that test scores and grades among eighth graders were
related positively to home computer use. Fairlie (2005) found a positive cross-sectional
relationship between home computers and school enrollment in the 2001 Census Population
Statistics (CPS). Schmitt and Wadsworth (2006) found a positive relationship between home
computers and performance on the British school examinations in 1991 through 2001.
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Beltran et al., (2010) found a relationship between home ownership of computers and high
school graduation rates.
In contrast, Fuchs and Woessman (2004) found a negative relationship between
access to home computers and math and reading test scores in the Programme for
International Student Achievement (PISA). Malamud and Pop-Eleches found that providing
home computers to low-income children in Romania lowered academic achievement even
while it improved their computer skills and cognitive ability (Malamud & Pop-Eleches,
2010). The conclusions drawn from this literature on the relationship between home
computers and educational outcomes are limited. Mixed results presented evidence of
potential bias in any study of the computer and any influence access at home could have
upon academic achievement (Beltran, et al., 2008).
The literature review results show a pattern consistent across much of the existing
non-experimental and experimental research literature. Socioeconomic status and use were
the largest determining factors that influenced the relationship between academic
achievement for students with access to a computer at home (Beltran, et al., 2010; Clotfelter
et al., 2008; Fuchs and Woessman, 2004: Higgins, et al., 2012; Malamahud & Pop-Eleches,
2008; Papanastasiou, et al., 2005; Warschauer, 2010; Warschauer & Matuchniak, 2010;
Wenglinsky, 1998, 2005). The studies revealed that once the contextual factors were
controlled for (Beltran et al., 2010; Malamahud & Pop-Eleches, 2008; Fuchs & Woessman,
2004; Wenglinsky, 1998) and socioeconomic status and students’ type of use was considered
(Beltran et al., 2010; Fairlie, 2005; Fuchs & Woessman, 2004; Malamahud & Pop- Eleches,
2008, 2011; Papanastasiou, et al., 2005.; Warschauer, 2010, 2011, 2012; Warschauer &
Matuchniak, 2010; Wenglinsky, 1998, 2005) the more impact home access to a computer had
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upon student academic achievement. In general, computers in most areas of education were
discovered to have a marginal impact on academic achievement (Ertmer & OttenbreitLeftwhich, 2010). Access to computers in a home does offer all students the opportunity to
“Open the doors to learning” (Cuban & Kirkpatrick, 2001; Cuban & Peck, 2001 as quoted in
Fairlie, 2005) and extend opportunities that support constructivist learning.

Conclusion
The literature reviewed reported that ultimately there was no direct causal link
between access to a computer at home and improved academic achievement. Fuchs and
Woessman (2004) described most of the studies investigating the relationship of the
computer to academic achievement as descriptive analyses that could be misinterpreted to
show evidence of a causal relationship. However, they noted that although no direct link was
found, these studies come much closer to determining a causal relationship between access to
a computer at home and improved academic achievement (p.9). Fuchs and Woessman (2004)
reported that any finding that used bivariate analysis to declare an outright causal impact of
computers on student academic performance, “May well be spurious, being driven by other
important factors associated with using computers at home” (Fuchs & Woessman, 2004, p.
14).
Beltran et al., (2010) confirmed that contextual factors and associated environmental
factors for both student and schools and other multiple related variables make finding a
causal relationship between computers and academic performance difficult. Research in this
literature review repeatedly emphasized the association of multiple factors that must be
considered when researching the direct relationship to computer access and student
performance (Al Senaidi, et al., 2009, p. 577). In the literature reviewed, the largest obstacles
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to making this connection in relation to access of a computer were SES, which typically
directs the type of use (constructivist or non-constructivist) engaged in by the student, which
in turn determines some degree of a positive effect or negative effect on academic
achievement. Beltran et al., (2008) reported that the omission of any effects of unobserved
factors, as well as observed factors could invalidate any causal interpretation of the results (p.
19).
The impact of computer use upon academic achievement has generated a great
amount of interest among administrators, policymakers, parents and teachers seeking to
interpret the data most valuable to student learning. Researchers agreed that measurement of
the effectiveness of computers in academics and instruction can be difficult to conduct
without consideration of these multiple factors or conditions associated with access, SES,
types of use and a multitude of interrelated dependent variables.
Mixed and misinterpreted results of academic and professional studies prompt further
investigation into the questions related to home computer access and academic achievement.
Fuchs and Woessman (2004) noted,

Our best estimates still do not necessarily show the causal effect of computers
on student performance. Rather, the estimates need to be interpreted cautiously as
descriptive conditional correlations, in the sense that they report the relationship
between computers and student learning conditional on holding constant the other
family-background and school resources (p. 9).
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