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ABSTRACT 

 

Schools invest in Information and Communication Technology (ICT) to prepare students for 

workplaces where technological skills have become essential. In 2009, policymakers in North 

Carolina developed a State School Technology Plan (SSTP) designed to enhance student 

achievement through the use of educational technology in the classroom.  The plan was 

supported by North Carolina’s State Technology Fund, among other sources. While many studies 

address the relationship between educational technology and student achievement, few assesses 

the relationship between school technology expenditures and high school graduation rates in 

particular. This study helps to fill that gap by exploring the relationship between North Carolina 

public schools’ State School Technology Plan (SSTP) expenditures and their high school 

graduation rates, using school district-level data from 2014 to 2019 for 111 Local Education 

Agencies. My results provide evidence of a positive relationship when expenditures are 

measured contemporaneously, but a negative relationship when expenditures are measured 

cumulatively. The magnitudes of these estimates are relatively small, and I find no evidence of 

variation in this relationship between school districts with different student characteristics.  
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INTRODUCTION 
 

In the United States, the high school graduation rate for the 2016-2017 school year was 

84.1%, which represents about a five-percentage-point increase over the rate reported in 2011 

(National Center for Education Statistics, n.d.).1 Despite this promising growth, the U.S. high 

school graduation rate still ranks 9th globally (National Center on Education and The Economy, 

2019).2 The high school graduation rate is widely seen as an important indicator of individual 

success (Yeboah et al.,2010; Burrus & Roberts, 2012; American Psychological Association, 

2012; Gottlob, 2007) and national prosperity (Alliance for Excellent Education,2011; Center for 

Child and Family Policy, 2008; Achieve, 2006).  

Studies show that, compared with individuals who drop out of high school, those with a 

high school degree have higher lifetime incomes (Burrus & Roberts, 2012; Yeboah et al.,2010). 

The Center for Labor Market Studies (2009) estimates the difference in lifetime earnings 

between high school dropouts and high school degree holders to be $400,000. Relative to 

dropouts, individuals who graduate from high school also have a lower probability of being 

unemployed (American Psychological Association, 2012; Bridgeland et al.), have fewer health 

problems (Lleras-Muney, 2005), and have a lower risk of incarceration (Gottlob, 2007; Sweeten 

et al.) and early pregnancy (Haveman et al., 1991).  

The high school graduation rate is also linked to societal well-being because people with 

high school degrees are likely to contribute more tax revenue (Christenson et al., 2004) and to 
 

1 According to the National Center for Education Statistics (2018), Adjusted Cohort Graduation Rate (ACGR) is 
reported here, and it indicates “the number of students who graduate in 4 years with a regular high school diploma 
divided by the number of students who form the adjusted cohort for the graduating class. From the beginning of 9th 
grade (or the earliest high school grade), students who are entering that grade for the first time form a cohort that is 
‘adjusted’ by adding any students who subsequently transfer into the cohort and subtracting any students who 
subsequently transfer out, emigrate to another country, or die.” 
2 According to the National Center on Education and The Economy, the U.S. high school graduation rate falls 
behind those of Finland, Japan, New Zealand, South Korea, Netherlands, Canada, China, and Germany. 



 2 

cost less in terms of social support programs. Gottlob (2007) estimated that high school dropouts 

cost the government about four thousand dollars per year per dropout in public assistance. 

Taxpayers with at least a high school degree, in contrast, contribute an average of more than 

$250,000 over their lifetimes to programs that provide means-tested benefits to those who do not 

have high school degrees (Center for Labor Market Studies, 2009).  

Almost 50% of dropouts report that their reasons for discontinuing their education are 

boredom and seeing no use for their classes (Bridgeland et al., 2010). Technology may be able to 

help in addressing this problem and in enhancing student learning (Bransford et al., 2000; 

Chandra & Lloyd, 2008; Earle, 2002; Roschelle et al., 2000). The U.S. Department of Education 

(n.d.) points out that technology in classrooms can broaden learning choices, build essential hard 

skills, and enhance student engagement. In addition, studies show that exposure to educational 

technologies is positively associated with students’ academic performance on physics tests 

(Chandra & Lloyd, 2008), assessments of early mathematical ability (Elliott & Hall, 1997), and 

NAEP math tests (Wenglinsky, 1998).  

While many studies examine the relationship between the use of technology in the 

classroom and student achievement, few assess the effect of technology on high school 

graduation rates specifically. This study helps to close that knowledge gap by testing the link 

between school technology expenditures through State School Technology Plan (SSTP)  and 

their high school graduation rates among North Carolina public schools using school district-

level data from 2014 to 2019 for 111 Local Education Agencies (LEAs).3 

  

 
3 According to the North Carolina Department of Information Technology, the term “Local Education Agency” 
(LEA) is synonymous with the terms “local school system” or “local school district.” LEAs are thus public boards of 
education or other public authorities that maintain administrative control of the public schools in a city or county. 



 3 

BACKGROUND 
 

Technology Prevalence in the U.S. Schools 

In 1985, the norm in typical U.S. classrooms was one computer for every 125 students, 

but by 1995, the norm was one computer for every nine students (Bain & Weston, 2012). This 

surge of access to Information and Communication Technology (ICT) in education reflected the 

belief that schools needed to prepare students for workplaces in the “knowledge economy,” in 

which ICT skills have become essential (Marshall & Tucker, 1992).  

A series of policy initiatives implemented since 2000 have demonstrated continued 

commitment to this belief. The Enhancing Education Through Technology Act of 2001, a 

component of the No Child Left Behind Act (NCLB) of 2001, laid out the goals of improving 

student achievement through the use of technology in elementary and secondary schools and 

helping all students to become technologically literate by the end of eighth grade (U.S. 

Department of Education, 2014). Every Student Succeeds Act (ESSA) of 2015—a new education 

law replacing the NCLB—authorized new funding streams allowing schools to invest in 

technology to support digital learning (Center for Digital Education, 2017). Most recently, the 

National Education Technology Plan (NETP) released by the US Department of Education in 

2016 articulated a national plan for equity in students’ access to technology and transformational 

learning experiences enabled by such access (U.S. Department of Education, 2017).  

In the wake of these measures, the presence of ICT in American classrooms has increased 

dramatically. The number of instructional computers in U.S. public schools increased from over 

five million in 1995 to over fifteen million in 2008. Over the same period, the average number of 

computers per school increased from 72 to 189. In addition, from 2000 to 2008, the student-
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computer ratio declined from 6.6 to 3.1 (National Center for Education Statistics, 2018). Figure 1 

shows the increasing prevalence of educational technology in U.S. schools.  

 

 
Figure 1. Total number of instructional computers in U.S. public schools and the average 
number per school Source: U.S. Department of Education, National Center for Education 
Statistics, Digest of Education Statistics, Table 128.10. 
 
 

The collection of data on educational technology expenditures is relatively recent. 

Questions on technology expenditures were added into the nationwide School District Finance 

Survey (F-33) in 2015 (National Center for Education Statistics, downloaded in 2019). The 

survey records technology-related expenditures for about 17 thousand school districts. Results 

indicate that average district-level expenditures for ICT supplies and services increased from 

$54,000 in 2015 to $195,000 in 2016, while average expenditures for technology-related 

equipment increased from $24,000 to $53,000.  
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Technology in North Carolina Schools 

In 2015, guided by the North Carolina Department of Public Instruction (NCDPI) and 

North Carolina State Board of Education (NCSBE), North Carolina State University published a 

Digital Learning Plan, establishing the goal of providing North Carolina K-12 students with a 

personalized digital-age education that equips them to succeed in colleges and in the workplace 

(North Carolina State University, 2015). In addition, through the School Connectivity Initiative, 

the state has installed Wi-Fi in every classroom to ensure schools’ internet access (North 

Carolina Department of Information Technology, n.d.).  

In 2013, the North Carolina state legislature passed Bill H 23, which requested that 

NCSBE develop and implement programs that: 1) promote competencies in using digital and 

other instructional technologies, and 2) promote qualified and integrated digital teaching and 

learning for students. Bill H 44, also enacted in 2013, laid out the goal of switching from the 

funding of textbooks to the funding of digital learning (National Conference of State Legislatures, 

downloaded in 2019).  

 

The State Technology Plan  

This study examines school technology expenditures through North Carolina’s State 

School Technology Plan (SSTP). Under General Statutes 115C-102.6A, SSTP—effective on 

July 1, 2009—established a comprehensive implementation effort, using the state technology 

fund and other sources, to enhance student achievement through the use of education 

technology.4 The Plan aims to ensure the effective use of technologies in North Carolina public 

 
4 According to the General Statues referenced above, the state technology fund is a special revenue fund consisting 
of monies appropriated by the General Assembly and any monies credited to it from the sale of school technology 
special license plates. Monies in the state technology fund are allocated to local school systems to implement their 
technology plans. 
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school systems and prepare students to be globally competitive workers and responsible citizens. 

The language of the statute indicates that funding in support of the plan should be dedicated to 

the following: 

“Use of technologies to support challenging State, federal, and local educational 
performance goals; use of technologies as a communication, instructional, and 
management tool and for problem-solving, exploration, and advanced skills; a quality 
assurance policy for all school technology projects, training programs, systems 
documentation, and maintenance plans” (North Carolina General Assembly, 2018).  
 

Under the SSTP, LEAs design and draft their own technology plans. LEA technology 

plans may vary, but they are required to align with the basic components addressed in the statute 

and the initial goal of using technology to improve education. The state has provided a template 

of an LEA Technology Plan, which suggests that each LEA’s technology plan should address the 

use of state funding for the following required elements: 1) clear goals for using information 

technology to improve education; 2) professional development strategies to ensure that staff uses 

new technologies effectively to enhance teaching; 3) an assessment of the information 

technologies that will be used to improve learning; and 4) evaluation metrics that allow schools 

to monitor progress toward the LEA’s goals (North Carolina Department of Public Instruction, 

2013).  
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LITERATURE REVIEW 

 
 

A rich body of literature examines the relationship between technology and student 

performance. However, the findings of these studies are inconclusive. Several scholars suggest 

that technology use is positively related to student attainment (e.g., Shapley et al., 2009; Devin, 

2004; Greaves, 2012), while other scholars find a negative relationship (e.g., Wainer, 2008; 

Angrist & Lavy, 2002). 

 

Technology and Students’ Academic Achievement 

 Studies of the relationship between technology access and student outcomes have 

produced varied results. The U.S. National Assessment of Educational Progress (n.d.) shows that 

students who have access to a computer at school have higher average 8th-grade mathematics and 

reading scores than those who have no such access. Similarly, the OECD (2010), analyzing the 

relationship between technology use and Program for International Student Assessment (PISA) 

scores, finds a positive relationship between the use of technology at school and mathematics 

attainment. The authors also find that more frequent use of computers is associated with higher 

average scores on science assessments.  

Shapley et al. (2009) conduct a state-level analysis, analyzing the effect of technology 

immersion on students’ Texas Assessment of Knowledge and Skills (TAKS) scores.5  Their 

findings are consistent with those of the two studies noted above in terms of the overall 

relationship between technology access and students’ academic outcomes. The authors find that 

 
5 The Texas Legislature created the Technology Immersion Pilot in 2003. Technology-immersed schools have 
wireless mobile computing devices for each educator and student; productivity, communication, and presentation 
software; online instructional resources; and online assessments to evaluate students’ mastery of classes (Texas 
Center for Educational Research, 2009) 
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technology immersion is positively related to TAKS mathematics achievement for seventh and 

eighth graders. The authors also find that technology immersion has a positive relationship with 

TAKS reading scores for ninth graders. A study by the National Center for Education Statistics 

(2001) also finds a strong positive association between computer use and competence in 

conducting research and the quality of written reports in grades eight and twelve. The study also 

finds that, in these two grades, students who use a computer when completing assignments have 

higher average grades than their peers.  

In contrast to studies that find a positive relationship between technology and academic 

outcomes, however, Wainer (2008) concludes that the frequency of computer use is negatively 

associated with students’ test scores, especially among younger and poorer students. Similarly, 

Angrist & Lavy (2002) find a negative relationship between the use of computers and 4th grade 

mathematics scores; and the National Center for Education Statistics (2018) finds that fourth, 

eighth, and twelfth grade students who report daily use of computers at school for social studies 

all have lower average test scores than their peers who report less frequent use.  

 

The Effect of Technology on Students’ Learning Experience 

A handful of studies analyze the effect of technology on student learning experience. 

Bransford (2000) highlights the range of ways that technology can promote learning – for 

example, by generating exciting curricula that address real-world problems, and by connecting 

classrooms to the community. Similarly, the National Education Technology Plan (NETP) is 

premised on the belief that technology can inspire students’ passion, motivate their learning, and 

offer them personalized learning (U.S. Department of Education, 2017). Shapley et al. (2009) 
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find that students in a technology immersion school have more opportunities for group activities 

or collaborative learning than their peers at other schools.  

 In addition, feedback from students supports researchers’ expectations of a positive 

impact of technology on student learning. For example, Chandra & Lloyd (2008) report that 

students indicate that e-learning experiences are more fun, easier to understand, and allow them 

to study at their own pace. Students also comment positively on the use of graphics and videos in 

their schooling, which makes lessons more interesting than traditional lecture-based teaching 

approaches. Students report that they enjoy technology courses because, when they use 

technology and learn computer skills, they feel that they are better prepared for their future 

careers (Bridgeland et al., 2010). 

 Devin (2004) conducts a longitudinal study on information technology use at Ken School 

in New England and reports that teachers and students agreed on the positive impact of 

information technology on student learning. More specifically, he notes, that when information 

technology is used: 1) course objectives are better organized, and colorful visual materials can 

better catch students’ attention; 2) classroom activities, such as writing or doing experiments, are 

more engaging and interactive; and 3) students can be more independent in terms of finding 

resources, generating ideas, and developing knowledge.  

 

This Study’s Contribution to the Literature  

As noted above, numerous studies have examined the relationship between technology 

use and student performance. However, few have focused specifically on the relationship 

between expenditures on educational technology and high school graduation rates. This thesis 
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helps to fill that gap in the literature by using North Carolina school district-level data to assess 

the relationship between school expenditures on technology and high school graduation rates.  

More specifically, this study contributes to the research literature in three ways. First, 

existing studies examine the relationship between technology and student attainment in terms of 

test scores and various subjective measures of learning experiences. My study focuses instead on 

high school graduation rates, which is arguably a more comprehensive measure of academic 

success than test scores and is likely a reliable measure than students’ self-reports of their 

learning experiences. Second, the existing literature tends to focus on estimating the effects of 

the frequency of technology use and the types of technology being used. My study focuses 

instead on school technology expenditures, which can be influenced directly by public policy 

choices. Last, very few studies have examined the effect of technology expenditures at the school 

district level. My research does in fact rely on school district-level public-school data for North 

Carolina.  
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CONCEPTUAL FRAMEWORK 
 

Based on the literature review discussed above, most but not all relevant studies indicate 

that technology access is positively correlated with student achievements. Therefore, I 

hypothesize that school technology expenditures have a positive correlation with high school 

graduation rates. My study tests this hypothesis using data on North Carolina LEAs’ annual 

spending on SSTP and their high school graduation rates. My empirical model accounts for 

factors that may be correlated with both school technology expenditures and high school 

graduation rates, including student demographics and school characteristics.  These factors are 

included in my model to minimize bias in my key results. These relationships are illustrated in 

Figure 2 and discussed further below.  

 

 

Figure 2. Conceptual framework—factors that influence high school graduation rates 
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Student Characteristics 

Several related studies control for student demographics. For example, Condron & 

Roscigno (2003), when investigating the relationship between schools’ per-pupil expenditures 

and the percentage of students passing state proficiency tests, accounted for the class 

composition and racial demographics of their sample. Angrist & Lavy (2002) included the count 

of female students as a control in their assessment of the relationship between computer-aided 

instruction and student mathematics achievement. Similarly, Devin (2004) disaggregated their 

results by gender in their assessment of the effect of technology use on student performance, and 

Shapley et al. (2009) compared the characteristics of students (e.g., the share who are ESL and 

the share who are minority) within the study’s control and treatment groups in their assessment 

of the effect of a technology immersion program on students’ tests scores. In addition, students’ 

socioeconomic status is a common control in studies assessing the determinants of student 

achievement. For example, Duncan et al. (2013) concluded that children from poor families tend 

to complete less schooling and Alexdander et al. (2007), Allington et al. (2010), and Okpala 

(2001) found that students’ economic disadvantages are related to their reading achievement, 

cognitive assessments, and academic scores.  

In addition, Hansen (2001) concluded that students’ demographics are related to the way 

in which schools allocate their funds (for example, schools with more English-language learners 

may devote more funding to bilingual education programs); the U.S. Census Bureau (2001) 

reported that increases in the number of students with learning disabilities students are associated 

with increases in the cost of schools’ special education services; and Knight (2017) concluded 

that high-poverty districts tend to have less funding than lower-poverty districts. Consistent with 
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these findings, my model controls for a variety of student characteristics—i.e., race, gender, 

disability, and economic disadvantage.  

 

School Characteristics 

Certain school characteristics are related to school finance and/or student achievement. 

For example, according to Eide & Showalter (1998), school quantity, indicated by an increase of 

enrollment, is related to a rise in students’ test scores. Borland & Howsen (2003) found that 

school size is related to student academic achievement, while Coulson (2007) found that there is 

a relationship between district size and per-pupil expenditures. Verstegen & Kind (1998), Barnett 

(2003), and Darling-Hammond (2000) found that teacher and classroom characteristics (e.g., 

teacher-student ratio, teacher quality, teacher experience) are important factors when assessing 

educational attainment. 

Akiba et al. (2012) analyzed the correlation in thirty countries between average teacher 

salary and national student achievement in mathematics and science. They found that higher 

investment in teacher salaries is associated with higher achievement in both math and science. 

An earlier study by Hanushek (1997) analyzed the relationship between teacher characteristics 

and student achievement and concluded that teacher salary is positively related to student 

performance. Reflecting this research, therefore, my model controls for school characteristics—

i.e., spending on classroom teachers, expenditures on instructional support, and Average Daily 

Membership.6 

  

 
6 Average Daily Membership (ADM) is a method of counting the number of pupils in a school or a school district. 
North Carolina Department of Public Instruction (n.d.) indicates that ADM offers a more accurate count of the 
number of students in school than enrollment. 
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DATA AND METHODS 
 

 
My empirical analyses use school district-year panel data, including observations for 111 

LEAs in North Carolina for the six-year period ranging from 2014 through 2019.7 The model’s 

dependent variable is the cohort graduation rate, defined as the four-year high school graduation 

rate for all students in an entering 9th grade cohort who are expected to graduate in four years.8 

This variable was extracted from the Longitudinal 4-year and 5-year Cohort Graduation Rates 

through 2019 database complied by the NCDPI. I adjusted the non-numeric graduation rate 

values “>95%” and “<5%” to the numeric values 97.5 and 2.5, respectively. The key 

independent variable in the model is each LEA’s expenditure on school technology plans, 

described in the background section. 9  Data for this variable come from NCDPI’s Annual 

Expenditure Report by LEA. The “School Technology Fund” variable in the dataset reports every 

LEA’s SSTP expenditures on their school technology plans.  

I estimate an ordinary least squares (OLS) regression with school district and year fixed 

effects to model the relationship between school district-level high school graduation rates and 

technology expenditures. School district fixed effects control for all LEAs characteristics that are 

fixed over time, including differences in social and cultural characteristics between LEAs (e.g., 

attitudes related to technology’s role in primary and secondary schools and students’ learning 

environment, and ideological inclinations that may relate to both high school graduation rates 

and school technology expenditures). Year fixed effects control for time-varying characteristics 

that are fixed across LEAs at any given point in time, such as national and state-level economic 
 

7 North Carolina has a total of 115 school districts (100 county districts and 15 city districts), as reported by NCDPI 
in 2019. 
8 According to the North Carolina Department of Public Instruction (2018), the cohort graduation rate is calculated 
based on an initial cohort of students that are tracked upon entering the 9th grade and that are expected to graduate 
within four years. The number of students in that cohort constitutes the denominator of this statistic. 
9 I examine every LEA’s technology expenditure specifically on the North Carolina State School Technology Plan 
funding because there is a lack of data availability on districts’ total technology expenditures.   
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conditions and changes in federal and state policies that could affect state funding and graduation 

rates. My study also controls for several variables that are potentially correlated with both high 

school graduation rates and school technology expenditures. As discussed above, these controls 

are divided into two groups: student characteristics and school characteristics. Table 1 provides 

definitions and data sources for each variable included in my analysis. 

 

Table 1: Variable definitions 
 
Variable Definition  Source 
Dependent Variable 
Four-year Cohort Graduation 
Rates of All Students 

This continuous variable 
indicates each LEA’s cohort 
graduation rate. It is the total 
number of students from a 
given cohort who receive a 
regular high school diploma 
by the fourth year of high 
school, divided by the total 
number of students expected 
to graduate within four years. 
 

Longitudinal 4-year and 5-
year Cohort Graduation Rates 
through 2019 published by 
the North Carolina 
Department of Public 
Instruction. 

Independent Variable 
School Technology 
Expenditures through SSTP 

This continuous variable 
indicates the amount an LEA 
spent on developing and 
implementing school 
technology plans through the 
State Technology Fund of 
SSTP. Expenditures are 
adjusted for inflation to 2019 
dollars using the Consumer 
Price Index. 

Annual LEA Expenditure 
Report published by the 
North Carolina Department of 
Public Instruction. 

Student Characteristics 
Percent White This continuous variable 

measures the share of 
students who are white within 
a given LEA’s (expected) 
graduation cohort in a given 
year. 
 

Longitudinal 4-year and 5-
year Cohort Graduation Rates 
through 2019 published by 
the North Carolina 
Department of Public 
Instruction. 
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Variable Definition  Source 
Percent Female  This continuous variable 

measures the share of 
students who are female 
within a given LEA’s 
(expected) graduation cohort 
in a given year. 

Longitudinal 4-year and 5-
year Cohort Graduation Rates 
through 2019 published by 
the North Carolina 
Department of Public 
Instruction. 

Percent Economically 
Disadvantaged Student (EDS) 

This continuous variable 
measures share of students 
who are economically 
disadvantaged within a given 
LEA’s (expected) graduation 
cohort in a given year. 

Longitudinal 4-year and 5-
year Cohort Graduation Rates 
through 2019 published by 
the North Carolina 
Department of Public 
Instruction. 

Percent Student with 
Disabilities (SWD)  

This continuous variable 
measures the share of 
students who are disabled 
within a given LEA’s 
(expected) graduation cohort 
in a given year. 

Longitudinal 4-year and 5-
year Cohort Graduation Rates 
through 2019 published by 
the North Carolina 
Department of Public 
Instruction. 

School Characteristics  
Classroom Teachers 
Expenditure 

This continuous variable 
reflects the amount of state 
funds that an LEA spent on 
salaries and benefits for 
classroom teachers. 

Annual LEA Expenditure 
Report published by the 
North Carolina Department of 
Public Instruction. 

Instructional Support 
Personnel Expenditure 

This continuous variable 
reflects the amount of state 
funds that an LEA spent on 
salaries and benefits for 
certified instructional support 
personnel, including 
counselors, social workers, 
media coordinators, 
psychologists, speech- 
language pathologists, 
technology facilitators. 

Annual LEA Expenditure 
Report published by the 
North Carolina Department of 
Public Instruction. 

Average Daily Membership 
(ADM) 

This continuous variable 
indicates the total number of 
days that each student’s name 
is on the roll in a school over 
the school year, divided by 
the number of days that the 
school was in session in an 
LEA.  

Average Daily Membership 
and Membership Last Day by 
LEA published by the North 
Carolina Department of 
Public Instruction. 
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Using these variables, I estimate the following ordinary least squares (OLS) regression 

model:  

(High school graduation rate)it =b0 + b1(School Technology Expenditure)it + b2(Student 

Characteristics) it + b3(School Characteristics) it + a i + g t + e it ， 

where i denotes the school district, t denotes the year,  ai represents school district fixed effects, 

gt  represents year fixed effects, e it is the error term, and b1 is the coefficient of primary interest.   
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DESCRIPTIVE STATISTICS  

 
Table 2 provides descriptive statistics for my dependent, key independent, and control 

variables. The sample size is 666, including observations for 111 LEAs for the six years between 

2014 and 2019.10 All estimates are weighted by the average level of an LEA’s Average Daily 

Membership over my six-year period of analysis.  

Over the period of study, the weighted average LEA high school graduation rate was 86.3 

percent. High school graduation rates ranged from 63.5 percent (Northampton County Schools in 

2018) to 97.5 percent (nine LEAs in different years).11 Over the same period, North Carolina 

LEAs spent an average of about $991,000 in state technology funds to implement school 

technology plans. This spending ranged widely across LEAs, from -$81,000 dollars (Burke 

County Schools in 2016) to more than $4,800,000 (Charlotte-Mecklenburg Schools in 2019).12  

Table 2 shows that, on average, the average share of students who were white in my 

sample was 52 percent, while the average share who were female was 49 percent. The 

percentage of students in each LEA who were economically disadvantaged ranged from 15 

percent (Chapel Hill-Carrboro City Schools in 2015) to 88 percent (Thomasville City Schools in 

2016). The percentage of students with disabilities ranged from 5 percent to 24 percent across 

115 school districts. 

 

 
10 As noted in a previous footnote, North Carolina has a total of 115 LEAs. I dropped LEAs 420, 422, 480, and 890 
because they were missing values for the percent of students who were white and the percent of students with 
disabilities for all six years. For the remaining 111 LEAs observations, I performed single imputation to fill in 
missing values for two of my control variables: the percent of student with disabilities and expenditures on 
instructional support personnel. There was one value missing for each of these two variables. I used the other control 
variables as predictors when I performed these imputations.  
11 As discussed previously, the graduation rate is set to 97.5 when the original value was “>95”.  
12 According to email correspondence with a NCDPI data analyst, a negative expenditure value means that there was 
more money spent than allocated in the fiscal year; the actual causes of the negative balance vary across school 
districts.  
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Table 2. Descriptive statistics for dependent, key independent, and control variable 
 
Variables Variable 

name 
Sample 

Size 
 

Mean Std. Dev. Min Max 

Dependent Variable 
High school graduation 
rate  gradrateall 666 86.29% 3.9% 63.4% 97.5% 

Independent Variable 
SSTP expenditure 
(in millions)  techexpend 666 $0.99 $1.20 $-0.81 $4.78 

Student Characteristics 
Percent white 

Percent female 

Percent EDS 

Percent SWD 

whiterate 

femalerate 

edsrate 

swdrate 

666 

666 

666 

666 

51.96% 

48.99% 

40.25% 

10.92% 

18.75% 

1.7% 

9.74% 

2.36% 

8.62% 

35.21% 

15.41% 

4.85% 

96.83% 

60.87% 

87.94% 

24.35% 

School Characteristics 
Average Daily 
Membership 
 
Spending on classroom 
teachers (in millions) 
 
Spending on instructional 
support (in millions) 

annualadm 

 

teachers_m 

 

instructs_m 

666 

 

666 

 

666 

50718.3 

 

$133.58 

 

$15.72 

54926.94 

 

$144.71 

 

$17.17 

1007 

 

$0.003 

 

$0.0001 

159588 

 

$450.94 

 

$57.08 

 
 

Figure 3 shows the average technology expenditure of SSTP and average high school 

graduation rates in each year across the 111 LEAs in my study. The data show that technology 

expenditures of SSTP tended to be higher in the latter years than in the earlier years of my period 

of analysis. Technology expenditure of SSTP peaked in 2017 at an average of $326,000 per LEA. 

The high school graduation rate varied slightly across the years, with a low of 83.7 in 2014 and a 

high of 86.75 in 2017. Broadly speaking, then, these two variables followed somewhat similar 

trends over the six years included in my analysis.  
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Figure 3. Average technology expenditure of State School Technology Plan and average 
high school graduation rates across 111 Local Education Agencies, 2014-2019 
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RESULTS 

 
My regression results are summarized in Tables 3 and 4. The dependent variable in all 

regressions indicates high school graduation rates. Table 3 reports results for seven regression 

specifications. Model 1 is an ordinary least squares (OLS) regression of the bivariate relationship 

between SSTP expenditures and high school graduation rates. Model 2 adds time-varying 

controls for school and student characteristics. Model 3 adds LEA fixed effects, controlling for 

unobserved differences between LEAs that are fixed over time. Model 4 adds year fixed effects, 

allowing me to control for unobserved characteristics that change over time but do not vary 

among LEAs. In order to allow for the likelihood that the effect of technology expenditures 

accumulate over the course of a student’s education, Models 5 through 7 summarize the results 

of specifications with SSTP expenditures cumulative to varying degrees. All regressions are 

weighted using the average level of an LEA’s Average Daily Membership across my six-year 

period of analysis, and robust standard errors are reported for all coefficients.13 

 

Primary Specifications 

In Table 3, the simple bivariate OLS regression (Model 1) shows that a one million dollar 

increase in SSTP expenditures is correlated with a 0.57 percentage-point increase in 

contemporaneous high school graduation rates. This result is statistically significant at the 1 

percent level (p<0.01), but it is also almost certainly biased due to the omission of variables that 

are correlated with both SSTP expenditures and high school graduation rates. Nonetheless, the 

 
13 I also estimated unweighted regressions. The results of these specifications are reported in Appendix 1. For 
Models 4 through 7, compared to the weighted regressions results, the coefficients on SSTP expenditures in the 
unweighted regressions have the same sign, but smaller magnitudes. However, they are all statistically insignificant.  
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direction of the estimate aligns with my hypothesis and with the findings of many previous 

studies discussed in the literature review.  

When controls for student and school characteristics are added in Model 2, the SSTP 

expenditure coefficient is smaller and less precisely estimated, but the relationship between 

SSTP expenditures and high school graduation rates is still positive. This result is also likely 

biased, as the controls included in the model do not fully account for all factors correlated with 

both SSTP expenditures and high school graduation rates. Controlling for state and year fixed 

effects helps to eliminate some of this bias.  

Adding fixed effects to the specification, Model 3 and Model 4 produce statistically 

insignificant estimates, although both models suggest a positive relationship between SSTP 

expenditures and high school graduation rates. The results of Model 3 and Model 4 reveal the 

explanatory power of fixed effects analysis. Notably, the r-squared values reported in the table’s 

bottom row indicate that Model 3 explains 80.4 percent of the variation in high school graduation 

rates and that Model 4 explains 83.9 percent of the variation in high school graduation rates, 

which far exceed the explanatory power of Model 2 (26.8 percent) and Model 1 (3.1 percent).  

Models 5 through 7 report the results of specifications with SSTP expenditures 

cumulative by two years, three years, and four years respectively.14 Cumulative analyses reflect 

the idea that high school graduation rates may not immediately react to changes in SSTP 

expenditures, but that the sum of SSTP expenditures may have greater consequences over 

varying years. 

The coefficients on cumulative SSTP expenditures are all statistically significant in the 

cumulative regressions. These results are interesting, as they suggest a different direction of the 

 
14 I do not estimate specifications with SSTP expenditures cumulative for more than four years because the sample 
sizes for these regressions would become so small that my results would be no longer credible.  
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relationship between SSTP expenditures and high school graduation rates than my non-

cumulative regressions, contradicting my hypothesis of a positive relationship between SSTP 

expenditures and high school graduation rates Specifically, the coefficients on cumulative SSTP 

expenditures are negative and statistically significant at the 𝛼=0.05 level in Model 5 and at the 

𝛼=0.01 level in Model 6. These results suggest that an increase in the cumulative SSTP 

expenditure in the previous two or three years is correlated with a decrease of percentage points 

in high school graduation rates.  

The key independent variable for Model 7 is the four-year sum SSTP expenditures.  In 

this model, the coefficient on four-year cumulative SSTP expenditures is negative, statistically 

significant at the 10 percent level (P<0.1), and smaller in magnitude than the coefficients of two-

year and three-year cumulative SSTP in Model 5 and 6. The result of Model 7 suggests that a 

one-million-dollar spending increase is associated with a 0.38 percentage-point decrease in high 

school graduation rates, holding constant all student and school characteristics included in the 

model, as well as LEA and year fixed effects. This association is relatively small: a one-million-

dollar increase is approximately an eighty percent (1.0/1.2=0.83) increase of SSTP standard 

deviation, and a 0.38 percentage-point decrease in high school graduation rate corresponds to a 

decrease of about one-tenth (0.38/3.9=0.097) of the high school graduation rate standard 

deviation (See the descriptive statistics of variables shown in Table2).   
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Table 3. Regression Results  
 
Dependent Variable: High School Graduation Rate 
         

(1) 
OLS &  

No 
Control 

(2) 
OLS & 

Controls 

(3) 
LEA 
Fixed 

Effects 

(4) 
LEA & Year 

Fixed 
Effects 

(5) 
LEA & Year 
Fixed Effects 

 w/ 
cumulative 

(6) 
LEA & Year 
Fixed Effects 

 w/ 
cumulative 

(7) 
LEA & Year 
Fixed Effects 

 w/ 
cumulative 

Key Independent Variable 

SSTP expenditures 0.572 *** 
(0.183) 

0.183 
(0.661) 

0.18 
(0.199) 

0.112 
(0.199) 

   

Expenditures 
(2-yr  cumulative) 

    -0.488**  
(0.212) 

  

Expenditures 
(3-yr  cumulative) 

     -0.889 *** 
(0.223) 

 

Expenditures 
(4-yr  cumulative) 

      -0.376* 
(0.201) 

Control Variables 

Spending on 
classroom teachers 

 -0.002 
(0.025) 

-0.022 
(0.021) 

-0.063 *** 
(0.019) 

-0.075*** 
(0.017) 

-0.061*** 
(0.015) 

-0.056*** 
(0.018) 

Spending on 
instructional 
support 

 0.265 
(0.218) 

0.431*** 
(0.154) 

0.471 *** 
(0.162) 

0.604*** 
(0.217) 

0.713** 
(0.199) 

0.732** 
(0.339) 

Average daily 
membership 

 -0.001 
(0.001) 

-0.001 
(0.001) 

0.001 
(0.001) 

-0.001 
(0.001) 

-0.001 
(0.001) 

-0.001 
(0.001) 

Percent white  7.956*** 
(0.979) 

-1.366 
(4.661) 

4.021 
(5.630) 

2.882 
(5.591) 

3.585 
(6.102) 

-3.832 
(7.201) 

Percent female  8.181 
(7.814) 

10.76 3** 
(4.978) 

10.909*** 
(4.519) 

13.507** 
(5.185) 

10.108* 
(5.483) 

14.623** 
(6.663) 

Percent EDS  -7.297*** 
(2.474) 

-2.902 
(1.589) 

-0.886 
(1.409) 

-0.582 
(1.605) 

-0.972 
(1.960) 

-0.850 
(2.222) 

Percent SWD  -8.078 
(7.806) 

24.139*** 
(7.555) 

16.003 
(8.822) 

14.771 
(9.191) 

7.277 
(9.207) 

4.674 
(10.524) 

Constant 85.724*** 
(0.248) 

81.119*** 
(4.314) 

78.081*** 
(9.677) 

71.748*** 
(10.882) 

80.940*** 
(15.821) 

79.614*** 
(19.379) 

110.334*** 
(33.591) 

LEA fixed effects? No No Yes Yes Yes Yes Yes 

Year fixed effects? No No No Yes Yes Yes Yes 

N  666 666 666 666 555 444 333 

R-squared 0.031 0.268 0.804 0.839 0.850 0.875 0.880 

Robust standard errors in parentheses; *** P< 0.01, ** P<0.05, * P<0.1 
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Additional Specifications 
 

Of my seven specifications, Model 7, which estimates the association between four-year 

cumulative SSTP expenditures and high school graduation rates, is the most credible because the 

effect of technology spending likely takes some time to manifest, and the longer the period of 

time over which I measure cumulative expenditures, the more likely it is that the regression will 

capture that effect. Models 8 through 11, which are reported in Table 4 and expand upon Model 

7 in Table 3, investigate the relationship between SSTP expenditures and high school graduation 

rates by interacting my measure of four-year cumulative SSTP expenditures with various 

dichotomous measures of student characteristics. The addition of these interactions to the 

regression test whether the relationship between SSTP expenditures and high school graduation 

rates varies depending on LEAs’ characteristics (i.e., between LEAs with high and low EDS 

rates, with high and low SWD rates, with high and low concentrations of girls in their student 

bodies, and with high and low concentrations of white students in their student bodies).15 These 

regressions include a full set of controls for student and school characteristics, along with year 

and LEA fixed effects. The sample size for the four models is 333 because the four-year lagged 

analysis eliminates three years of data for each of the 111 LEAs.  

Across Models 8 through 11, the coefficients on four-year cumulative SSTP 

expenditures—reflecting the relationship between SSTP expenditures and high school graduation 

rates for LEAs with low EDS rates/low SWD rates/low percent female rates/low percent white 

rates—are all negative. Though they are all statistically significant at the 10 percent level (P<0.1), 

if not at a greater level of precision, their magnitudes are again relatively small. The coefficients 

on the interaction terms reflect differences in the relationship between SSTP expenditures and 

 
15 The dichotomized versions of the EDS rate, SWD rate, female rate, and white rate variables divide LEAs into 
“high” and “low” categories of roughly equal size reflecting whether LEAs fall above the within-sample medium 
value of each variable. 
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high school graduation rates depending on LEAs’ student characteristics. These coefficients are 

not statistically significant, which suggests that there is no evidence of variation in the 

relationship between SSTP expenditures and high school graduation rates according to whether 

LEAs have high or low EDS rates/SWD rates/percent female rates/percent white rates.   

 

Table 4. Additional Regressions Results 

 
 

  

Dependent Variable: High School Graduation Rate       

Interactive Term  
Between Expenditures 
And _____  

(8) 
EDS Rate 

(9) 
SWD Rate 

(10) 
Female Rate 

(11) 
White Rate 

SSTP expenditures 
(4-yr cumulative) 

-0.351* 
(0.201) 

-0.454*** 
(0.125) 

-0.354* 
(0.202) 

-0.353* 
(0.192) 

Expenditures * High EDS Rate 0.123 
(0.180) 

   

Expenditures * High SWD Rate  0.218 
(0.246)   

Expenditures * High Female Rate   0.042 
(0.075)  

Expenditures * High White Rate    -0.279 
(0.796) 

Constant 107.711 *** 
(32.627) 

92.128*** 
(32.289) 

120.628*** 
(37.849) 

116.028*** 
   (35.776) 

LEA fixed effects? Yes Yes Yes Yes 
Year fixed effects? Yes Yes Yes Yes 
F statistic and P-Value 
H0: Expenditure + Interaction = 0 

0.59 
(0.446) 

0.89 
(0.349) 

1.41 
(0.238) 

0.47 
(0.494) 

N  333 333 333 333 

Robust standard errors in parentheses; *** P< 0.01, ** P<0.05, * P<0.1  
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DISCUSSION 

 
In recent years, the use of Information and Communications Technology (ICT)  to 

enhance student achievement has grown dramatically. A rich body of literature examines the 

relationship between technology and student performance. Some scholars suggest that 

technology use is positively related to student attainment (e.g., Shapley et al., 2009; Devin, 2004; 

Greaves, 2012), while other scholars find a negative relationship (e.g., Wainer, 2008; Angrist & 

Lavy, 2002). However, while numerous studies have examined the relationship between 

technology use and student performance, few have explicitly focused on the relationship between 

expenditures on educational technology and high school graduation rates. My study aims to fill 

this gap, focusing specifically on the relationship between North Carolina LEAs’ State School 

Technology Plan (SSTP) expenditures and their LEAs’ high school graduation rates.  

My simple bivariate specification (Model 1) indicates a positive relationship between 

SSTP expenditures and high school graduation rates. However, while the coefficient on SSTP 

expenditures in this regression is statistically significant, it is small in magnitude (0.57, P<0.01). 

SSTP expenditures in my data are measured in millions of dollars, with an average value of 

$991,000 among LEAs. The average high school graduation rate is 86 percent, with a standard 

deviation of approximately 4 percent. Therefore, my model indicates that a one million dollar 

increase in SSTP expenditures—representing a doubling in the average spending level—is 

related to a 0.6 percentage-point increase in high school graduation rates, which is only about 

one-seventh (0.6/4»1/7) of a standard deviation. When I add control variables and fixed effects 

to the regression, my relationship of interest remains positive but becomes less precisely 

estimated. When I differentiate my relationship of interest based on LEAs’ distributions of 



 28 

student gender, race, socioeconomic status, and disabilities, I find that there are no clear 

differences between LEAs in terms of my relationship of interest.  

To allow for the likelihood that the effects of technology expenditures accumulated over 

the course of a student’s education, I also estimate specifications in which SSTP expenditures are 

measured cumulatively. The relationships between SSTP expenditures and high school 

graduation rates are negative for all cumulative expenditure regressions, although to varying 

degrees. These results contradict my initial hypothesis, but they are in line with the findings of 

other studies that show a negative relationship between technology and student achievement (e.g., 

Wainer, 2008; Angrist & Lavy, 2002). In addition, though the coefficients on cumulative SSTP 

expenditures in these additional specifications are statistically significant, they are quite small in 

magnitude. For instance, in Model 7, an increase in four-year cumulative SSTP expenditures of 

one million dollars is associated with a reduction in high school graduation rates of 

approximately 0.4 percentage points, which is equal to one-tenth (0.4/4=0.1) of a standard 

deviation in graduation rates.  

 

Limitations of My Analysis 

Although my analysis controls for student characteristics (i.e., school-level distributions 

of race, gender, economically disadvantaged status, disability status), school characteristics (i.e., 

enrollment, spending on teachers, spending on instructional support), and fixed effects, my 

results are nonetheless subject to omitted variable bias. Several time-varying factors associated 

with both high school graduation rates and SSTP expenditures are either not easily measured or 

are simply unavailable. 
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Average household incomes in school districts are likely to be positively related to high 

school graduation rates and SSTP expenditures. A higher average household income is plausibly 

correlated with a higher graduation rate because students in wealthy communities likely have 

higher levels of achievement and lower levels of dropout. It is also plausible that LEAs with 

higher average household incomes spend more on education technology compared to districts 

with lower average household incomes. Low-income LEAs may focus more on spending that can 

directly address students’ financial needs, and they may have less flexibility to develop school 

technology plans. Similarly, LEA poverty rates are likely to be negatively related to both high 

school graduation rates and SSTP expenditures.  

In addition, parental educational attainment is likely to be positively correlated with 

student high school graduation rates. Low levels of parental education are one of the risk factors 

related to the likelihood of dropping out of high school (Cairns et al., 1989; Ensminger et al. 

1996); thus, they are also likely to be related to low graduation rates. The relationship between 

parents’ education level and school SSTP expenditures may also be positive. Parents with low 

education levels may be less likely to appreciate the importance and usefulness of technology in 

school environments, and therefore to advocate for schools to spend more on technology 

programs. Moreover, a school’s academic performance (e.g., average scores on state-wide tests) 

is likely to be positively related to high school graduation rates. High performing schools may 

also spend more on SSTP, as they are less likely to feel compelled to spend a large share of their 

resources on ensuring that students meet basic performance benchmarks and therefore may have 

more flexibility in establishing technology plans and implementation efforts. 

School districts’ crime rates are also likely to be negatively related to both high school 

graduation rates and SSTP expenditures. It is plausible that an insecure environment can pose a 
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threat to student performance. Criminal activity is also a risk factor related to students’ 

likelihood of dropping out (Alspaugh, 1998). Thus, higher crime rates in school districts are 

plausibly related to lower high graduation rates. Crime rates may also be negatively related to 

school spending on technology. Compared to LEAs with low crime rates, LEAs with high crime 

rates may funnel more resources into security measures and may be less concerned with 

educational technology development. The omission of crime rates and the other factors 

mentioned above would upwardly bias the coefficient on my independent variable of interests, 

meaning that my results may misstate the relationship between SSTP expenditures and high 

school graduation rates. 

Another limitation of my analyses is that I only account for school technology 

expenditures through SSTP, which omits technology expenditures from other sources. For the 

years for which I have data, SSTP expenditures account for only about 60 percent of LEA 

expenditures for technology-related equipment. 16  The relationship between other sources of 

technology spending and high school graduation rates is not clear; studies have shown both 

negative and positive correlation between technology use and student achievement (Jing & Zhao, 

2007; Woessmann & Fuchs, 2004; Wenglinsky, 2005; Carrillo et al., 2011). It is also not clear 

whether other sources of technology expenditure are positively or negatively related to SSTP 

expenditures. For example, some LEAs may not spend much on SSTP because they spend 

through other sources to implement educational technologies. On the other hand, LEAs that 

favor educational technology may spend substantially through both SSTP and other sources. 

Therefore, I cannot determine whether the omission of this variable biases my estimates upward 

 
16 My study does not analyze the effect of total technology expenditures on high school graduation rates because I 
only have data on total technology expenditures for two years. Thus, there is too little variation within LEAs in total 
expenditures to allow for feasible fixed effects regression.  
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or downward. This suggests that, rather than relying on just one source, future research should 

account for technology spending more broadly. 

In addition to concerns about omitted variables, my results may also be biased due to 

measurement error. Data reported by the NCDPI may suffer from inaccuracy because of data 

entry errors. It is reasonable to assume that this source of errors in the data is random, which 

would lead to attenuation bias in my estimates, drawing them closer to zero than would 

otherwise be the case. Finally, I do not have data on the first several years after SSTP was 

implemented in 2009 because my sample is restricted to the years 2014-2019. It is plausible that 

SSTP expenditures could have had their biggest effect in the program’s initial years, in which 

case my estimates would understate these effects. This problem would be even more pronounced 

for my cumulative analyses, for which I am required to drop the first few years for which I do 

have data. 

 

Policy Implications 

In general, my results suggest that the relationship between SSTP expenditures and high 

school graduation rates is unclear. As I explain, my results are likely biased due to several 

limitations. Therefore, my results should be interpreted carefully, and future studies should seek 

to address these limitations. To the extent that one would want to draw policy implications from 

my findings, they are as follows. First, my results are in line with the conclusions of my literature 

review suggesting that the relationship between technology and student achievement is 

inconclusive. Policymakers who advocate for educational technology and strongly favor SSTP 

should acknowledge this ambiguity, as should those who oppose SSTP and spending on 

educational technology more broadly. Second, my results do not offer much evidence about 
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whether SSTP had the intended effect. It could be that LEAs did not react to the policy in the 

way that policymakers intended. Thus, if a state-wide policy or program like SSTP is undertaken 

in the future, it should be paired with oversight of the legislature and other policymakers. To 

conclude, policymakers who question the effect of  SSTP or educational technology in general 

on student achievements should interpret my results with caution. More research is needed 

before state and local governments make major commitments to technology-focused educational 

strategies.  
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APPENDIX: SUPPLEMENTAL TABLE 

Table A.1. Results for unweighted regressions. 

 

 

  

Dependent Variable: High School Graduation Rate        
         

(1) 
OLS &  

No Control 

(2) 
OLS & 

Controls 

(3) 
LEA Fixed 

Effects 

(4) 
LEA & 

Year 
Fixed 

Effects 

(5) 
LEA & 

Year 
Fixed 

Effects 
w/ 1-yr lag 

(6) 
LEA & 

Year 
Fixed 

Effects 
w/ 2-yr lag 

(7) 
LEA & 

Year 
Fixed 

Effects 
w/ 3-yr lag 

Key Independent Variable 

SSTP expenditures 0.588 ** 
(0.235) 

-0.324 
(0.683) 

0.632 
(0.592) 

0.283 
(0.329) 

   

Expenditures 
(1-yr lag) 

    -0.361 
(0.453) 

  

Expenditures 
(2-yr lag) 

     -0.267 
(0.339) 

 

Expenditures 
(3-yr lag) 

      0.383 
(0.686) 

LEA fixed effects? no no yes yes yes yes yes 

Year fixed effects? no no no yes yes yes yes 

N  666 666 666 666 555 444 333 

R-squared 0.003 0.260 0.749 0.777 0.776 0.817 0.830 

Robust standard errors in parentheses; *** P< 0.01, ** P<0.05, * P<0.1. 
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