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ABSTRACT 
 

This paper analyzes the impact of internet access on educational attainment.  The initial 

theory is that in developing countries facing a variety of resource constraints, internet 

access may boost student performance, as measured by test scores.  Previous research 

on the topic is inconclusive, some studies indicate internet access increases motivation 

and performance, but others suggest that may not be the case.  Using data from the 

Rwanda National Examination Council and the Rwandan Ministry of Education, I 

conduct a quantitative evaluation of the internet as a tool in the clasroom.  In particular, 

I compare perfomance on national standardized tests of schools before and after they 

wired with internet access with those of schools that either were yet to receive internet 

access or were eventually wired at a later date.  The results indicate that internet access 

does not increase student performance; in fact internet access may be detrimental to 

student performance, at least in its current implementation. 
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Introduction and Motivation 
 

The African continent has suffered from the lowest levels of growth anywhere in 

the world.  The continent also has a large percentage of people in poverty; it continues 

to be ravaged by HIV, malaria, and diseases that have been eradicated in the developed 

world.  Because of this, the international community has given more attention and 

financial resources to education in Africa.  As one of the least developed regions of the 

world, the understanding is that a more (and better) educated populace can help the 

continent develop.   

Most resources have been devoted to primary education, with a particular focus 

on girls.  While a number of initiatives aim to educate all African children, there are 

more specific strategies to address the historical under representation of girls in schools.  

In 2000, under the hospices of the United Nations, the international community created 

the Millennium Development Goals (MDGs).  The MDGs are comprised of eight goals, 

such as, eradicating hunger and poverty, achieving universal primary education and 

promoting gender equity and female empowerment.  The selection of primary education 

as one of the MDG is an indication of the importance the international community 

places on education as a tool for growth and development in Africa and other less 

developed parts of the world. 

The emphasis on education brings into question what strategies will indeed lead 

to higher returns in education.  Many initiatives have been targeted at increasing the 



  

number of teachers, as well as their knowledge and skill.  The HIV pandemic has made 

it more difficult in many parts of Africa to maintain a consistent supply of teachers and 

to keep teacher absenteeism to a minimum.  Teachers infected with HIV are less likely 

to report to work, and often are less productive when they do report.  There has also 

been renewed focus on textbooks.  Providing young people with tools such as up to date 

textbooks presumably increases the productivity of their time in the classroom.  More 

recently, Information and Communication Technology (ICT) has been used to increase 

the returns from education.  Potentially, access to the internet and other forms of ICT 

make students more productive, by increasing their motivation and allowing them to 

have access to educational materials beyond the walls of the classroom. 

In this thesis, I discuss the role that information and communication technology 

reportedly has in increasing the returns from education.  I begin with a review of the 

impact of education on development, specifically addressing girls’ education and 

education at the secondary level.  I will then discuss the policy implications of ICT in 

secondary schools in Africa.  The underlying aim is to chart the relationship between 

access to internet and educational attainment.  Using examination scores as a measure 

of educational attainment, I test whether schools with internet access have higher scores 

than schools without internet access. 
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Literature Review 

Education and Development 

There is a widely held consensus that education contributes to higher levels of 

economic growth.  The returns of education are seen on the individual as well as 

societal levels.  Education increases a person’s productivity and improves their labor 

market opportunities.  The World Bank website estimates that an additional year of 

education increases individual wages of both men and women by 10 percent or more in 

developing countries. In addition, illiteracy is a commonly used indicator of poverty; it 

reduces access to the market economy limits participation in business networks. On the 

individual level, education has been linked to improved health.  The World Bank 

reports that education may be “the single most effective preventive weapon against 

HIV/AIDS.”  Moreover, education reduces inequality between genders, among rural 

populations and ethnic minorities (World Bank, 2007). 

On a societal level, investments in education also yield positive results.  A more 

educated workforce is more efficient, and better able to participate in the economy of an 

increasingly globalized and technological world (Haddad, 1998).    Education has also 

been linked to having a functional democracy as well as increasing the chances for 

peace and security among the population.  For example, Glaeser et al. (2006) conclude 

that although democracy does not lead to greater schooling, more schooling does lead to 

increased chances of democracy.  The authors find that even after controlling for 
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geography and culture, education is a predictor of democratization; as well as a strong 

predictor of permanent transition from dictatorships to democracy. 

However, some studies fail to find a positive relationship between investment in 

education and economic growth (Harmon 2000, Pritchett 2001).  After measuring 

educational attainment across countries, Pritchett (2001) does not find a statistically 

significant relationship between education and economic growth.  Krueger and Landahl 

(2001) postulate that inconsistent results on the connection between education and 

economic growth are a function of measurement error in capturing the educational 

variable as well as incorrect assumptions about linear relationships between education 

and growth.  Re-estimating the model, they find positive and significant association 

between education and subsequent economic growth for countries with the lowest level 

of educational attainment.  On a micro-level, Appleton and Balihita (1996) find that 

farmers in Uganda with primary education, as well as their neighbors produce higher 

agricultural yields than those with no education.  However, Joliffe (1998) concludes that 

this effect only occurs when there is a transition from traditional to technologically 

advancing agriculture.   

On the subject of inequality, Birdsall et al. (1995) argue that policies to 

encourage increased quality of basic education contribute to growth and reduce 

inequality, while at the same time promoting more education – a circular effect.  They 

find that high-quality basic education directly increases economic growth through 
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industrial and agricultural production and the demand for labor, and indirectly by 

reducing inequality.  Knight and Sabot (1990) make similar conclusions about East 

Africa.  They find that speedy expansion of education can lead to economic growth and 

reduced inequality if the expansion leads to achieving universal primary education. 

Secondary Education 

Most of the discussion of education in the developing world revolves around 

primary education.  Many studies have pointed to the higher returns that emanate from 

having the entire population with a basic level of education.  As mentioned earlier, 

universal primary education reduces inequality among the population as a whole.  For a 

variety of reasons, the discussion of education often does not include secondary 

education (World Bank, 2007).  Many in the development community consider access 

to secondary and tertiary education highly unequal.  In many countries, those who are 

able to afford secondary education are children whose parents are wealthy or in the civil 

service.  As such, channeling resources to secondary education does not necessarily 

benefit all members of society and might even create more economic stratification. 

However, others maintain that creating an “either/or” scenario between primary 

and secondary education presents a false choice.  Haddad (1998) writes that in an 

increasingly globalized economy, nations must invest in building knowledge and skill 

from the lowest to the highest level in order to remain competitive.  In support of this, 

Barro (1997) finds a relationship between investment in secondary education and 
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economic growth.  Economic theory holds that the ratio of human to physical capital 

should equal the ratio of their marginal productivity.  When there is relatively high level 

of physical capital, the gains from investing in human capital are potentially larger if it 

is “under-capitalized” relative to its marginal productivity. This investment generates 

more economic growth because of the ability to absorb superior technologies from more 

developed nations.  Barro directly links a higher ratio of human to physical capital to 

secondary and higher education. 

For males ages 25 and over, average years of school attainment at the secondary 

and higher levels has a positive and significant effect on the subsequent rate of 

economic growth (Barro).  In particular, he estimates that each additional year of 

schooling increases growth rate by 0.44 percent annually.  Consistent with the theory of 

diminishing marginal returns, Barro did find that ultimately, the effect of education on 

the level of output is finite in that these growth effects eventually end.  Since primary 

education is a prerequisite for secondary or higher education, the positive effect of these 

levels on growth, clearly suggests that investment in primary education is also 

necessary.  Hence the dichotomous framework that is often created may be a fallacy; a 

nation should invest where the marginal returns are greatest. 

Education and Gender 

As with primary and secondary education, there is also discussion about the 

returns to investment in educating boys and girls.  Barro finds that male primary 
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education is statistically significant in explaining growth.  On the contrary, although 

female primary schooling has a positive effect on growth, it is not statistically 

significant (Barro).  It is conceivable that the relationship between male education and 

growth is more direct because men are more fully integrated into the formal sector 

economy.  Citing the relationship between female primary education and the reduction 

in a nation’s fertility rates, Barro explains that there is indeed a correlation to the growth 

rate.  However, the effect is captured in the lower fertility of more educated women, 

which positively contributes to growth.  Similar to Barro, Klasen (1999) finds that the 

effect of female education on growth is visible through a health channel.  Less gender 

inequality in education appears to promote economic growth through its effect on 

lowering child mortality, and improvements in the health of the population. 

Klasen finds conclusive evidence that the initial female to male ratio of 

schooling achievement and the subsequent expansion of female educational attainment 

have a positive and significant effect on economic growth.  In particular, raising this 

ratio from 0.5 to 1.0 would increase annual growth by 0.4 percent.  He also concludes 

that a reduction in gender inequality corresponds to a higher quality of education 

(Klasen). 

ICT and Education 

Since there is a direct relationship between education and development, it 

follows that countries should invest in mechanisms that improve the quality of 
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education.  Information and Communication Technology (ICT) is increasingly being 

utilized as a means of making teachers more effective and motivating students.  

Although there is not yet conclusive evidence that ICT significantly impacts educational 

attainment, there is a growing literature discussing its potential effects. 

In a review of the impact of ICT in schools Condie et al. (2007) write that ICT 

can increase students’ motivation and engagement, as well as increase independent 

learning and autonomy while improving core skills such as collaborative learning and 

communication.  All of these factors contribute to better knowledge, understanding and 

skills, which can in turn have an impact on educational attainment.  They find that ICT 

is most effective when it becomes an integral part of the learning process, by being 

directly linked to curriculum objectives and to specific concepts and skills.  The 

educational impact of ICT is evident through different channels, such as increased 

motivation and creativity.  Additionally, there is evidence that the visual nature of some 

technologies, such as animations, simulations and moving imagery, engages learners 

and enhances their conceptual understanding (Condie et al.). 

Cox et al. (2003) find evidence that the use of ICT has a positive effect on core 

subjects such as Mathematics, Science and English.  However, they do not find a strong 

and consistent correlation between ICT and other subject areas.  Contrary to Cox et al.’s 

findings, Torgerson and Zhu (2004) conclude that there is little substantive evidence 

that ICT has a positive effect on literacy outcomes. Wenglinsky (1998) also concludes 
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that among fourth and eighth graders, there is an inverse relation between frequency of 

computer use and achievement in the National Assessment of Educational Progress 

Mathematics exams.  Students who use computers more frequently in school perform 

worse than students who use them less at school.  However, he finds that among eighth 

graders, the negative correlation between academic performance and computer use was 

only when computers are used to teach low level cognitive skills.  When computers are 

used to teach high level cognitive skills, their use is positively correlated with academic 

performance.  Wenglinsky notes that students from disadvantaged groups are 

significantly more likely to be taught lower-level skills.  It is therefore conceivable that 

the finding of lower academic performance is more a function of unobserved social 

demographic characteristics than the access to computers.   

Regarding motivation, Passey et al. (2004) report that students believed that ICT 

improved their confidence and motivation; making schoolwork more pleasurable and 

improving their achievement.  In ICT classrooms, students invest more and engage in 

activities for longer periods. Students also take greater pride in the work they produce.  

However, Passey finds that ICT makes students more likely to seek affirmation of their 

progress, indicating that they are more concerned about appearances and getting wrong 

answers in front of teachers.  

Increased creativity is another potential impact of ICT.  Creativity is defined as 

the generation of new ideas and new associations that are made with pre-existing 
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concepts (Condie et al.).  ICT can stimulate imaginative expression and collaboration 

among students and their teachers (Loveless, 2002).  The use of ICT in classrooms may 

potentially lead to a student body that is more motivated and creative (Passey, 

Loveless).  However, there is no consensus on whether ICT does indeed have a positive 

effect.  According to Condie et al. most of the studies which find a positive impact on 

creativity are the result of case study research and rely heavily on perceptions of 

teachers, students and parents.   

ICT in the Developing Country Context 

 While the use of ICT may enhance education, given the scarce resources in 

developing countries, many question whether a focus on ICT is efficient or necessary.  

Evoh (2007) discuses challenges facing South Africa (which are applicable to other 

countries on the continent), such as  a high density of uneducated people, limited 

financial resources, increasing rates of unemployment, adapting to a wealth of new 

knowledge, and limited infrastructure.  While he is clear that computers and internet 

connectivity do not guarantee a solution, he argues that learning outcomes can be 

improved when ICT is fully exploited.  He argues that investment in ICT is vital for 

growth, and neither South Africa, nor sub-Saharan Africa, can afford to wait for a 

certain level of economic and political stability before investing in ICT at the secondary 

education level (Evoh).  One rationale for technology-enhanced education is the 

expansion of educational provision to more learners, especially those in rural and under-
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resourced communities.  Similarly, different forms of ICT, such as radio and television, 

internet, and satellite imaging can be utilized in expanding the options for both teachers 

and students who are learning (Evoh). 

Osterwalder postulates that ICT can have a profound impact on governance in 

developing countries.  ICT allows local civil society groups to exchange information 

with international counterparts.  It also allows them to promulgate their message 

domestically and to the outside world, thus holding governments more accountable to 

stakeholders.  With education, experts must provide training on installing, using, and 

maintaining ICT, however, with adequate human capacity, ICT leads to better delivery 

of education (Osterwalder, 2002).  Similar to Evoh, Osterwalder maintains that ICT 

skills are essential for entry into today’s job market.  At the tertiary level, he points to 

the African Virtual University (AVU) as an example of utilizing ICT to improve 

education outcomes.  Exploiting interactive forms of information and communication 

technology, AVU links African students to faculty and learning resources worldwide 

(Osterwalder). 

The Internet Effect 

Although all types of ICT may have a positive effect, this thesis is focused on 

the role that the internet can play in students’ education.  According to a joint report by 

the World Bank Institute and the Academy for Educational Development, knowing how 

to collaborate with distant partners through a series of online activities is becoming an 
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essential skill for all people.  Some of these online activities include email, sending or 

downloading files, scanning images and manipulating graphic files in various formats.  

They argue that students who are equipped with this knowledge are better able to 

participate in an increasingly technological world – they are “information literate” 

(Bradsher, 2003). 

In an evaluation of SchoolNet Namibia, an initiative to connect 500 Namibian 

schools to the internet, the Swedish International Development Corporation Agency 

(Sida) concludes that utilization of the internet is high among some of the schools that 

are connected.  There is also evidence that the program is increasing basic skills of 

learners and teachers within the country.  Finally, SchoolNet is contributing to the 

creation of a recruitment pool for IT professionals and technicians.  As a result of the 

project young people have gained basic ICT skills which can translate into opportunities 

beyond the classroom (Sida, 2004). 

Methodology and Conceptual Model 

The allocation of scarce resources in less developed countries must be done 

efficiently.  There isn’t conclusive evidence yet that Information and Communication 

Technology will improve the quality of education.  However, if it does, there are a 

number of policy implications that follow.  There is a growing literature on this topic 

and this thesis attempts to add to the existing body of work.  It analyzes the impact of 

internet access in secondary schools in Rwanda.  Presumably schools that have access 
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to the internet perform better than schools without internet access.  Performance is 

measured by the school’s minimum, maximum, and average scores on national-level 

subject exams, as well as the proportion of boys and girls who passed their exams in the 

school.   

The underlying theory is that the school’s performance depends on a number of 

factors.  Some of these include whether there is access to internet; if the school is 

public, private or government subsidized; the district in which the school is located; and 

the proportion of students that are male or female.   

The types of school: public, private, or government subsidized serve as proxies 

for socio-economic status.  Students who attend private schools are likely wealthier than 

students who attend public schools or schools that are subsidized by the government.  

Further, students from wealthier backgrounds will likely perform better than their less 

affluent counterparts since wealthier students are more likely to have educated parents 

and they are more likely to be provided with opportunities to enhance their knowledge 

outside the classroom.  It is therefore conceivable that the impact of the internet will be 

more greater for wealthier students because it will simply serve as a multiplier of the 

advantages they already possess. 

Similarly, having internet access may have different effects for boys and girls.  

As discussed in this thesis, in many developing countries, the incentive for parents to 

send their boys to school are greater than for girls.  In the same token even when both 
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boys and girls are enrolled in school, there may be more household responsibilities 

placed on girls, making them perform less than boys academically.  As in the case with 

socioeconomic status, it is possible that the impact of internet access would be greater 

on boys than girls.  The analysis will therefore allow for a comparison between the 

effects of internet access for each of the different types of schools and for both genders.   

 Description of Data  

 Two datasets have been combined for this analysis. The first was collected by 

the Rwandan Ministry of Education (MINEDUC) and contains all high schools in the 

country that were provided with internet access and the date they were wired.  The 

second dataset is from Rwandan National Examination Council (RNEC).  RNEC 

administers subject tests for all students in Rwanda annually.  Both scores from “O-

Level” exams and “A-Level” exams are utilized for this analysis.  O-Level exams occur 

at the end of the third year of secondary school and A-Level exams are exit exams 

which students sit for upon completion of their secondary education.  The dataset is 

comprised of 27 schools and their annual exam scores between 2002 and 2006 (with 

some exceptions); 12 of the schools had internet access as of January 2005. The 12 

schools are in Kigali, Rwanda’s capital city. The other 15 schools are either also in 

Kigali or in Nyanza and did not receive internet access during the study period.  Of the 

27 schools, 12 are private, 2 are public, 4 are government subsidized and 9 are 

unspecified in the data.  The five years and 27 schools have been collapsed so that there 
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are 135 total school-year observations in the dataset.  While exam scores for the 12 

schools with internet range from 2002 to 2006, the other 15 schools are missing scores 

for 2002. As such, comparisons are made from 2003 to 2006.  Some of the schools with 

internet access were wired in 2004, and others in 2005 so there is at least one academic 

year from which the impact of the internet can be evaluated. 

 Descriptive Statistics 

 The key independent variable in the data set is internet access, which is defined 

as a “yes” or “no” variable if the school is wired with internet access.  22 observations 

(16 percent) have internet access and 113 do not (84 percent).  Educational attainment is 

measured by O-Level and A-Level subject scores.  The following subjects are included 

in the O-Level exams: Math, French, Kinyarwanda, English, Physics, Chemistry, 

Geography, History, and Biology.  At the A-Level, only Math and English scores are 

provided.  For both levels the minimum, maximum and average scores are provided for 

each subject at the school level.  The data also includes the proportion of boys and girls 

who successfully completed exams for the two levels.  Descriptive tables appear in the 

appendix. 

 For O-Level subject variables (Table 1), the range of the minimum math score 

was 25, maximum math score range was 68 and average math score range was 49.  The 

range of the minimum English score was 11, maximum English score range was 58 and 

average English score range was 71.  The minimum French score range was 46, 
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maximum French score range was 58 and average French score range was 69.  The 

range of the minimum score in Kinyarwanda, the local language, was 50, maximum 

Kinyarwanda score range was 36 and average Kinyarwanda score range was 41.  The 

minimum Physics score ranged was 37, maximum Physics score range was 67 and 

average English score range was 56.  The minimum Chemistry score range was 29, 

maximum Chemistry score range was 77 and average Chemistry score range was 50.  

The range of the minimum Geography score was 60, maximum Geography score range 

was 45 and average Geography score range was 58. 

 When separated by internet access (Table 2), majority of the subject score 

variables are notably higher for schools without internet access.  The exceptions are: 

minimum, maximum and average scores for Physics, and the average English score.  

For these four variables, observations with internet access score two to three points 

higher than those without internet access.  For the variables maximum math score, 

minimum French score, minimum French score, minimum History score, and maximum 

History score, both types of school have similar scores – there is less than a one point 

difference. 

 The data are also available for proportion of students who passed exams by 

gender (Table 3).    On average, 27 percent of girls who sat for O-Level exams passed, 

compared to an average of 41 percent for boys.  Overall, an average of 35 percent of all 
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the students who sat for exams passed.  The ratio of girls who sat for exams as a 

fraction of all students who sat for exams was 0.15.  

 The theory described earlier, that boys may perform better because of cultural 

norms that exist in developing countries appears to be borne out in the data – a higher 

proportion of male students pass the exams than girls.  Similarly, only 15 percent of the 

total test takers in the O-Level sample were female – further evidence that boys are 

indeed more likely to be enrolled in school than girls. 

When divided according to internet access (Table 4), schools without internet 

had higher ratios of success.  For schools without internet access, an average of 28 

percent of girls who sat for O-Level exams passed, compared to 22 percent of girls in 

schools with internet access.  42 percent of boys in schools without internet who sat for 

exams passed, while 30 percent of boys in schools with internet passed. On average, 37 

percent of all students who sat for exams in schools without internet passed, compared 

to 26 percent in schools with internet access. The ratio of girls to the total number of 

students tested in no-internet schools tested was 0.16, in schools with internet, the ratio 

was 0.11.   

For A-Level subject variables (Table 5), the range of the minimum math score 

was 17, maximum math score range was 91 and average math score range was 13.  The 

minimum English score range was 39, maximum English score range was 58 and 

average English score range was 50.  
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When separated by internet access (Table 6), all of the subject scores are again 

slightly higher for schools without internet access, except for the maximum English 

score.  The maximum English score for schools with internet access was 67, compared 

to 63 for schools without internet access.  Data from both examination levels indicate 

that at least one English score variable is higher for internet connected schools than 

schools without internet access.  Since majority of the materials available online is in 

English, it may be the case that students in internet connected classrooms have more 

opportunities to practice English reading and comprehension. 

 In the data of the proportion of students who passed by gender (Table 7), on 

average, 70 percent of all girls who sat for exams passed, compared to 78 percent of all 

boys. An average of 75 percent of all students who sat for A-Level exams passed. The 

ratio of girls who sat for exams as a fraction of all students who sat for exams was 0.38.

 Compared to O-Levels, the A-Level performances are much higher and the 

gender disparity is much less pronounced.  There are also a higher proportion of girls 

who took the exams.  The improved performance and the reduced disparity might be 

because students who have been mediocre or low performers were disenrolled 

following years of poor academic performance.  Similarly, if it is the case that 

schoolgirls are entrusted with more responsibility in the household than boys, by the 

end of their sixth year in secondary school, they may have overcome the learning curve 
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– allowing them to more adequately balance their lives as students and caretakers in the 

home. 

When divided according to internet access (Table 8), for schools without 

internet access, an average of 72 percent of all girls who sat for exams passed, while 62 

percent of girls in schools with internet passed, on average.  For boys, in schools 

without internet 79 percent of those who sat for exams passed, compared to 77 percent 

in schools with internet. 76 percent of all students in schools without internet passed 

their exams, while 70 percent of all students passed in schools with internet access.  The 

ratio of girls to the number of students tested was 0.39 in no-internet schools; in 

internet-connected schools, the ratio is 0.31.  

The systematically lower scores for schools without internet access suggest that 

the decision of which schools to wire was non-random.  It is possible that poorer 

performing schools were connected first. Nonetheless, comparing some of the 

descriptive statistics, it does appear that a few observations with internet access do 

perform better in some areas, than schools without internet.   

 
Statistical Results 
 
To control for unobservable factors that are correlated with test scores and the decision 

to wire schools, I estimate several models. 
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Model 1: Test Score = β0 + β1Internet Wire + β2 Government Subsidized Schools + 
β3 Public Schools + β4 Ratio of Girls 
 

The original hypothesis is that internet access will improve the quality of 

education.  In other words, students that are in schools with internet access will perform 

better than students in schools without the internet.  For this hypothesis to hold true, the 

coefficient on the internet variable should be positive and significant.  Recognizing that 

there are other factors that may influence student performance and cause a bias in the 

estimate, this model controls for the type of school and the ratio of girls who sat for 

exams in the school.  In particular, I include variables that indicate if the school was 

government subsidized, public, or private.  The assumption is that school type is one 

measure of socioeconomic status: generally students who are in a private school are 

likely from wealthier homes than their counterparts whose fees are paid by the 

government (either in the public school or in a government subsidized school).  Also in 

Rwanda, the government gives merit scholarships for students who have scored higher 

on previous national standardized exams.  The school type variable controls for these 

two factors that would otherwise conflate the coefficient on the school type variable.  

As may be expected, the results do indeed show that government subsidized and public 

schools consistently have higher scores than the private schools. The results also 

suggest that there may be differences in how test scores are normalized across the 

different school types.   

 

 

20



  

The ratio of girls measures how many girls sat for the exam as a ratio of all 

students who were tested.  The ratio of girls is a proxy for the overall gender 

distribution and how many girls are in each class.  In many developing countries, boys 

are more likely to be enrolled in school because of prevailing social norms and because 

oftentimes girls are the ones chosen to stay home to take care of the family and run 

errands.  Similarly, because girls eventually get married and become part of the 

husband’s family, investing in their education is often not considered a wise investment.  

As a result, it is necessary to measure the impact gender distribution as it may greatly 

affect overall performance. 

The results from this model (Tables 13 and 14) do not support the original 

hypothesis that internet improves educational attainment.  In both the A-Level and O-

Level exam scores, most of the internet variable coefficients are neither positive nor 

significant beyond the 10 percent level of significance.  For the A-Level scores the 

coefficient on the maximum English score is positive and statistically significant – 

compared to schools without internet access, the maximum English score is 6.5 points 

higher, on average, in schools with internet access; amounting to a 10 percent increase 

above the average English scores of all schools in the sample. 

Analyzing the O-Level examination scores, Physics is the only subject where the 

coefficients on all three variables (minimum, maximum and average score) are positive 

and significant: compared to schools without internet access, the minimum Physics 
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score is three points higher (62 percent above the average1) in schools with internet than 

in schools without internet access; relative to schools without internet access, the mean 

Physics score is five points higher (19 percent above the average) in schools with 

internet access.  The coefficient on maximum Physics score is marginally significant at 

the 15 percent level – compared to schools without internet access, the highest Physics 

score is almost six points higher (10 percent above average) in schools with internet 

access.  The coefficient on minimum English score also appears to be marginally 

significant at the 15 percent level.  The lowest English scores are five points higher (50 

percent above average) in schools with internet access score than schools without 

internet access. 

 The other variables whose coefficients are significant in the model are the three 

Kinyarwanda scores, the average and maximum Geography scores and the maximum 

French score.  All of these variables have a negative coefficient.  The coefficient on 

maximum French score is marginally significant at the 15 percent level – in schools 

with internet access, the highest French scores are five points less (8 percent below the 

average) than schools without internet access.  The average Geography scores are seven 

points less (18 percent below average) in schools with internet access.  Similarly, the 

maximum Geography scores are six points less (8 percent below average) in schools 

                                                            
1 The percent changes are much more pronounced in the minimum scores because the average minimum 
scores are generally very low. 

 

 

22



  

with internet access. All three coefficients on the Kinyarwanda variables indicate that 

scores in internet connected schools are between five and nine points lower. 

 Despite all attempts to control for factors that may influence student 

performance, there are still characteristics that are unmeasured and therefore not 

accounted for in the model.  The results of the Kinyarwanda scores especially, suggest 

that the OLS model suffers from endogeneity bias.  In other words, one or more of the 

dependent variables are correlated with unobserved characteristics that are not 

controlled for and that are also correlated with internet access.  Presumably having 

access to the internet in the classroom should not affect scores on the Kinyarwanda test 

since there is no Kinyarwanda content online.  However, the coefficients on all three 

Kinyarwanda variables are highly significant and rather large.  Given the unlikely 

correlation between internet and Kinyarwanda scores, it seems likely that there are other 

factors that are driving the results which are unobserved in Model 1.  Some potential 

unobservable characteristics are teacher quality and student ability which would both 

cause a positive (overestimated coefficients) bias.   

There are a number of theories of how schools came to be wired with internet 

access.  One theory is that the worst performing schools were selected to be wired first, 

with the presumption that the internet would improve the student’s performance.  

Another theory is that schools in wealthier areas were wired first because they are more 

likely to have prerequisites needed to utilize the internet – such as electricity – and so 
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require less investment.  All schools that were wired were provided an equal share of 

computers, so it is unlikely that prior ownership of computers was one of the 

prerequisites considered.  The Kinyarwanda result may give some credence to the 

theory that poorer performing schools were wired first.  Perhaps the effect being 

captured is not necessarily internet but rather overall student performance as a function 

of school quality.  The second model addresses the concern about endogeneity.  

Model 2: Test score = β0 + β1Internet Wire + β2 Ratio of Girls + μi + δi 

Model 2 utilizes a two-way fixed effects method because endogeneity is a cause 

for concern.  A two-way fixed effects model controls for individual specific time 

invariant factors – characteristics that are fixed over time but specific to a school, such 

as teacher quality, unobserved socioeconomic status or student ability. It also controls 

for time period specific, but school invariant factors – characteristics that are specific to 

time period but fixed across schools; one example is the difficulty of the test which may 

increase annually however, does not change across schools. By controlling for all 

characteristics that do not vary within each school over time, the model essentially 

compares each school to itself.  In a fixed effects model, all time invariant 

characteristics are “differenced away.”  For example, if there is a concern that not 

controlling for teachers’ ability biases the estimate, in a fixed effects model, differences 

in the ability of teachers are less important because it is unlikely the ability of teachers 

in each individual school change annually.  The limitation of the fixed effects model is 
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that all differences in time invariant characteristics between schools can no longer be 

observed and unobservables that vary between both time and school are not controlled 

for.  This model is the most general but has the smallest number of degrees of freedom.   

 The results in this model strongly contradict the original hypothesis.  For the A-

Level scores, both coefficients on the minimum and average Math scores are negative 

and significant at conventional levels.  Compared to schools without internet access, the 

minimum Math score is three points lower in schools with internet access; given that the 

average minimum Math score was 1.43, internet connected schools appear to score 

more than 200 percent below the average minimum score.  Similarly, the average Math 

score is 4.5 points lower in schools with internet access – 30 percent below the mean.  

For the O-Level examination scores, none of the 10 statistically significant 

coefficients on subject scores are positive.  Rather, 10 out of the 27 total variables are 

negatively correlated with internet access: minimum Math score, average Math score, 

average English score, maximum Physics score, average Physics score, maximum 

Chemistry score, average Chemistry score, average Geography score, average History 

score, and average Biology score.  The negative correlations range between schools 

with internet access having their mean Math scores two points lower (22 percent below 

average) than non-connected schools, to the highest Physics scores being seven points 

lower (12 percent below average) in internet connected schools. 
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 Given that Model 2 is the most robust to endogeneity and measurement error, it 

would appear that the original hypothesis may indeed be wrong.  Having internet access 

does not improve student performance, at least not in the short term.  For further 

evidence, another type of fixed effect model is estimated in Model 3.  

Model 3: Test Score = β0 + β1Internet Wire + β2 Ratio of Girls + β3 Time + μi 
 

The last model utilizes a one-way fixed effect method with the goal of 

preserving degrees of freedom and gaining efficiency in the estimation.  As with Model 

2, it also controls for differences between schools and compares each individual school 

to itself.  However it constrains aggregate changes over time to a linear trend.  If this 

constraint is valid it will improve the efficiency of the estimate to some extent. 

 The results in Model 3 also suggest that the impact of the internet in the 

classroom is actually detrimental.  For the A-Level results, four out of the six 

coefficients are negative and significant: minimum and average Math scores, as well as 

minimum and average English access.  Schools with internet score 4 to 7 points less 

than their counterparts without connected schools.  Although the coefficient on 

maximum Math score is not significant, it is very large – the highest Math scores in 

internet connected schools score 10 points less, 20 percent below average. 

For O-Level exam scores, the only positive and significant result is the 

coefficient on minimum French score. It is significant at the 10 percent level.  However, 

since effect of the internet is highly insignificant in the previous two models, it is 
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unreasonable to place a great deal of weight on the one positive result.  All of the other 

eight significant coefficients are negative, consistent with Model 2: average Math score, 

maximum English score, maximum Physics score, average Physics score, average 

Chemistry score, average Geography score, average History score, and average Biology 

score.  The significant results vary between the average History score in schools with 

internet being about four points less (36 percent below average), to average Geography 

score in internet connected schools being nine points less (21 percent below average). 

Discussion 

 Observing a consistent pattern between the coefficients for the minimum, 

maximum and average scores of subject variables supports the new hypothesis that 

internet access does not improve the performance of students, and in fact may be 

detrimental to their performance, as measured by test scores.  For most of the results, 

the pattern appears to be that the coefficients switch from being positive in the OLS 

regression in Model 1 to becoming negative (or in some cases, more negative) in the 

fixed effects of Models 2 and 3.  The following subjects appear to follow the consistent 

pattern – scores are initially positive or slightly negative and become more negative 

once fixed effects are included: Math, Physics, Chemistry, and History.  To a lesser 

degree, Biology and Geography also show a consistent pattern. 

 Using Chemistry as an example, the pattern is as follows:  none of the 

coefficients on the three Chemistry variables in Model 1 are significant; compared to 
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schools without internet, the coefficient on minimum and mean Chemistry scores are 

about one point less in schools with internet, the maximum Chemistry score is one point 

higher.  After controlling for endogeneity in Model 2, all three Chemistry variable 

coefficients become negative. The maximum Chemistry score 5.5 points lower in 

schools with internet access and it is marginally significant at the 85 percent level.  The 

mean Chemistry score is 4.5 points lower and highly significant.  Utilizing the time 

trend in Model 3, all three variable coefficients are still negative.  The mean Chemistry 

score remains highly significant and is almost 7 points lower in schools with internet 

access.   

 The results in Model 1 do not provide a complete picture of the impact of 

internet access.  Models 2 and 3 present more robust estimates; they show that having 

internet access may actually be detrimental to student performance, on average. 

 It is important to note that the available data only capture the effect of having 

internet access in schools one to two years after implementation.  There are a number of 

reasons why the results might be negative and contrary to the initial hypothesis.  One 

theory previously stated is that the schools that were wired with internet access first 

were schools in which student performance was lower.  If that was the case, it is 

unlikely that having internet would improve test scores in the course of one or two 

years.  Previous research indicates that poorer performing students are less able to 

utilize ICT as effectively as their higher achieving counterparts (Wenglinsky, 1998).  
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Also, as was stated earlier, if the schools were poor performing schools, perhaps the 

internet coefficient is capturing some of that fact, rather than measuring the impact of 

the internet.  Another reason could be that because the internet has only been available 

as a teaching tool for a short period, teachers and students are not yet able to utilize it 

fully.  Perhaps because of the inexperience in using the internet, it is actually a 

distraction.  Students can play games rather than pay attention to the teacher’s lesson.  

Teachers may also feel obliged to use the internet as a teaching tool, even though they 

do not yet have proper training.  They may also be spending more time teaching 

students how to use the internet rather than actually focusing on teaching, which they 

might be doing well.  In other words, productive teaching hours are substituted with 

unproductive hours for internet lessons.  It is conceivable that over the long run, the 

internet could have a positive effect, if it is used effectively in the classroom.  The need 

for further research is discussed in another section. 

Policy Implications 

The results in this paper do not support the original hypothesis that internet 

access has a positive effect on educational attainment.  In fact it leads to a new 

hypothesis that the internet has a detrimental effect, at least in its current 

implementation.   As stated, the study has a number of limitations, such as the the 

number of observations.  While there are a large number of outcome variables, the 

sample size of 135 school/year observations (27 schools over five years) is small and 
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results in low statistical power.  It is also limited by the amount of time the internet has 

been implemented as well as by the lack of more control variables.  The schools that 

received internet access have been wired for a relatively short period – two years at 

most.  The model also does not fully control for teacher quality, socioeconomic status, 

student ability, and other factors that might influence educational attainment.  

Nonetheless, the available results indicate that in the short term, schools with internet 

access actually perform worse than schools without internet access, on average.  The 

long term effects are unknown but could certainly prove to be negative as in the short 

term.  The results suggest that even if the internet is integrated in the classroom learning 

in the long term, the implementation must be done differently.   

Given the results, using the internet and other forms of ICT, as an educational 

tool raises questions for policy makers.  In Rwanda, as in other resource-limited 

countries, a number of tools must be employed to maximize the quality of education 

students receive.  These tools can include acquiring more current text books, investing 

in science laboratories that increase students’ knowledge and allows them to explore the 

sciences, or increasing the quality of instruction by improving teachers’ abilities.  Along 

with tools to increase student achievement, a number of other initiatives are also 

necessary: increasing the number of girls who are enrolled and retained in school; 

reducing the number of students who drop out of school in order to contribute to the 
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family income; and mitigating the effects of teacher absenteeism due to HIV infection 

or other illness. 

In light of resource constraints facing many countries, the results from this study 

suggest that internet access should not be on the list of investment tools to improve 

educational attainment – it may actually detract from education outcomes.  There are 

likely other areas that present greater returns on the investment.  The Rwandan 

government has been a strong proponent of information and communication 

technology, with the hopes that it will lead to innovation that will modernize the 

country’s rural economy (Nixon, 2007).  As a result in 2003, the government issued a 

contract to a private firm, Terracom, to provide 300 primary and secondary schools with 

internet access by 2006.  By July 2007, less than 100 schools had been successfully 

wired with internet.  While a number of issues, such as access to electricity, have 

slowed down the process, it is only a matter of time before all 300 schools are provided 

with internet access.  In the same token, Rwanda is one of the countries which has been 

chosen by the nonprofit, One Laptop Per Child, an initiative that will make laptops 

available to all school children at the cost one $100 per computer. 

Given the results from this study, it is important that Rwanda’s implementation 

strategies are studied and necessary changes are made if initiatives such as these come 

to fruition.  Since it is unlikely that the government will abandon its plan to wire all 

schools, the Rwandan education system must find ways to mitigate the negative effects 
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internet access appears to be having on educational attainment.  Teachers need to be 

taught how best to utilize the internet as a teaching resource and how to use it as a 

motivation tool for students, rather than have it be a distraction.  Perhaps along with the 

internet itself, investments in interactive education software can ensure that the 

computers have an extra value-added component for students.   

Although one should be careful of overgeneralizing the results of this study, it 

seems reasonable to conclude that for countries similar to Rwanda, with scarce 

resources that have not already made the investment on internet, it is unwise for the 

government to spend public sectors funds on providing internet access.  Initiatives such 

as the One Laptop Per Child may provide an opportunity to provide the internet as a 

resource without having to sacrifice public funds that would be spent on other necessary 

areas of investment.  Even so, initiatives such as these must be studied further and 

proven effective before they are widely adopted.   

Conclusions and Future Research 

The results from this study are instructive for policy makers.  While there is a 

growing need to improve educational outcomes in developing countries, other options 

should be considered besides internet access.  Also although the utilization of 

information and communication technology (ICT) is a growing trend, there isn’t enough 

evidence yet to support the large investments in them.  Nonetheless, the world is 

becoming more globalized and increasingly linked by technology.  It is therefore 
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necessary that developing countries enter the technological age in order to become (or 

stay) competitive.  This study provides evidence that countries should not rely on 

internet in schools as the means for entering the technological age.  

Further research is needed on which subject areas are most affected by utilizing 

internet in the classroom.  This will allow educators to know when and how it can be 

best used as an educational tool.  In addition, it would be helpful to have a study of best 

practices for effectively utilizing the internet.  As some of the studies cited earlier 

indicated, the internet might increase student motivation and allow them to gain an edge 

in an increasingly technological age.  However, more research can quantify how much 

effect the internet can have on motivation and which methods would induce motivation 

without causing detrimental effects.  Further, a cost-benefit analysis is needed to 

evaluate which educational tools are most efficient in resource-constrained nations.  

This analysis will be beneficial in the long run as leaders and policy makers decide what 

investments they will focus on. 
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APPENDIX A 

Table 1 
Subject Scores on O-Level (Year 3) Exams 

Variable Minimum Maximum Mean Standard 
Deviation Median

Minimum Math Score 0.00 25.00 3.99 5.21 2.00

Maximum Math Score 30.00 98.00 68.82 14.58 68.00

Average Math Score 10.62 60.46 28.69 11.12 26.26

Minimum French Score 0.00 46.00 8.62 10.52 5.00

Maximum French Score 36.00 94.00 66.91 13.71 67.00

Average French Score 5.51 74.68 35.94 14.34 32.79

Minimum Kinyarwanda 
Score 0.00 50.00 17.64 14.35 19.00

Maximum Kinyarwanda 
Score 47.00 83.00 67.17 8.41 67.00

Average Kinyarwanda 
Score 27.39 68.24 46.36 8.10 46.70

Minimum English Score 0.00 67.00 10.57 12.35 7.00

Maximum English Score 35.00 93.00 66.50 13.87 65.00

Average English Score 10.55 82.21 34.58 14.10 32.66

Minimum Physics Score 0.00 37.00 5.11 6.88 2.00

Maximum Physics Score 27.00 94.00 59.09 15.48 58.00

Average Physics Score 7.27 62.58 27.06 12.35 24.73

Minimum Chemistry 
Score 0.00 29.00 2.43 4.27 0.00

Maximum Chemistry 
Score 15.00 92.00 51.31 17.63 51.00
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Table 1 continued 
Average Chemistry 
Score 3.71 53.79 18.78 9.73 16.32

Minimum Geography 
Score 0.00 60.00 9.78 10.65 7.00

Maximum Geography 
Score 48.00 93.00 71.35 10.02 72.00

Average Geography 
Score 19.82 75.95 41.27 10.37 40.45

Minimum History Score 0.00 42.00 5.82 7.88 3.00

Maximum History Score 37.00 91.00 63.71 12.74 63.00

Average History Score 13.11 65.81 30.58 11.18 28.78

Minimum Biology Score 0.00 31.00 4.17 6.45 1.00

Maximum Biology 
Score 25.00 89.00 54.36 14.76 55.00

Average Biology Score 6.05 61.07 24.50 10.82 21.84

N= 115 
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Table 2 
Mean Subject Scores on O-Level Exams Based on Internet Access 

 A B A - B  
Variable Internet- 

Connected 
Schools

Non-
Connected 

Schools

Score 
Differential 

Minimum Math Score 3.06 4.16   -1.10 
Maximum Math Score* 69.39 68.71 0.68 
Average Math Score 26.78 29.04 -2.26 
Minimum French Score 8.33 8.67 -0.34 
Maximum French Score 60.94 68.02 -7.08 
Average French Score 31.23 36.81 -5.58 
Minimum Kinyarwanda Score 13.44 18.42 -4.98 
Maximum Kinyarwanda Score 58.72 68.73 -10.01 
Average Kinyarwanda Score 38.95 47.73 -8.78 
Minimum English Score* 14.89 9.76 5.13 
Maximum English Score 62.50 67.24 -4.74 
Average English Score* 36.97 34.13 2.84 
Minimum Physics Score* 7.56 4.66 2.9 
Maximum Physics Score* 61.50 58.64 2.86 
Average Physics Score* 29.46 26.62 2.84 
Minimum Chemistry Score 1.67 2.57 -0.9 
Maximum Chemistry Score 49.83 51.59 -1.76 
Average Chemistry Score 16.50 19.20 -2.7 
Minimum Geography Score 8.39 10.04 -1.65 
Maximum Geography Score 65.00 72.53 -7.53 
Average Geography Score 34.42 42.54 -8.12 
Minimum History Score 5.50 5.88 -0.38 
Maximum History Score 63.11 63.82 -0.71 
Average History Score 29.53 30.78 -1.25 
Minimum Biology Score 3.72 4.25 -0.53 
Maximum Biology Score 49.17 55.32 -6.15 
Average Biology Score 20.00 25.33 -5.33 
Schools with internet access, N= 18. Schools without internet access, N= 97 
* Cases where internet-connected schools have higher scores 
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Table 3 
Percentage of Students who Passed O-Level Exams 

Variable Minimum Maximum Mean Standard 
Deviation Median

Percentage of all 
girls who passed 0 100 27.06 28.86 15.5

Percentage of all 
boys who passed 0 100 40.60 29.24 38.32

Percentage of all 
students who 
passed 

0 100 34.92 28.95 27.88

Ratio of girls to 
all test-takers 0 1 0.15 0.22 0.07

Percentage of all students who passed, N= 114. All other variables, N=110 

 

Table 4 
Percentage of Students who Passed O-Level Exams Based on Internet Access 

 
  A B A-B 

Variable Internet- 
Connected 

Schools

Non-
Connected 

Schools

Percentage 
Differential 

Percentage of all girls who 
passed 21.67 28.05 -6.38 

Percentage of all boys who 
passed 30.37 42.48 -12.11 

Percentage of all students who 
passed 25.84 36.51 -10.67 

Ratio of girls to all test-takers 0.11 0.16 -0.05 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Schools with internet access, N= 17. Schools without internet access, N= 93 
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Table 5 
Subject Scores on A-Level (Year 6) Exams 

Variable Minimum Maximum Mean Standard 
Deviation Median

Minimum Math Score 0.00 17.00 1.43 3.16 0.00

Maximum Math Score 7.00 98.00 49.16 18.70 50.50

Average Math Score 2.29 43.06 15.00 9.13 12.74

Minimum English Score 0.00 39.00 10.89 8.13 9.00

Maximum English Score 26.00 84.00 63.14 13.46 65.00

Average English Score 10.39 59.59 32.75 11.48 31.44

Math Scores, N= 86. English Scores, N= 81 

 

Table 6 
Mean Subject Scores on A-Level Exams Based on Internet Access 

 A B A-B 
Variable Internet- 

Connected 
Schools

Non-
Connected 

Schools

Score 
Differential 

Minimum Math Score 0.42 1.59 -1.17 

Maximum Math Score 48.42 49.28 -0.86 

Average Math Score 13.27 15.28 -2.01 

Minimum English Score 8.00 11.39 -3.39 

Maximum English Score� 66.67 62.52 4.15 

Average English Score 31.12 33.04 -1.92 

Schools with internet access, N= 12.  
Schools without internet access: Math Scores, N= 97; English Scores, N=69 
� Cases where internet-connected schools have higher scores  
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Table 7 
Percentage of Students who Passed A-Level Exams 

Variable Minimum Maximum Mean Standard 
Deviation Median

Percentage of all 
girls who passed 0 100 70.12 27.27 77

Percentage of all 
boys who passed 0 100 78.56 29.24 85.83

Percentage of all 
students who 
passed 

0 100 75.35 21.34 80.98

Ratio of girls to 
all test-takers 0 1 0.38 0.24 0.38

Percentage of all girls who passed and ratio of girls, N= 92. Percentage of all boys who 
passed, N= 88. Percentage of all students who passed, N= 91. 
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Table 8 
Percentage of Students who Passed A-Level Exams Based on Internet Access 

 A B A-B 

Variable Internet- 
Connected 

Schools

Non-
Connected 

Schools

Percentage 
Differential 

Percentage of all girls who 
passed 61.77 71.62 -9.85 

Percentage of all boys who 
passed 76.79 78.90 -2.11 

Percentage of all students who 
passed 69.97 76.33 -6.36 

Ratio of girls to all test-takers 0.31 0.39 -0.08 

Schools with internet access, N= 14.  
Schools without internet access: Percentage of all boys who passed, N= 75.   
All other variables, N= 78. 

 

Table 9 
Mean Subject Scores on O-Level Exams Based on School Type 

Variable Public 
Schools

Private 
Schools

Government  
Subsidized  

Schools 

School-
Type

Unknown 
Minimum Math Score 2.00 2.38 9.65 4.08

Maximum Math Score 82.38 64.35 81.18 66.55

Average Math Score 35.01 24.21 42.74 27.20

Minimum French Score 5.25 7.50 20.35 5.61

Maximum French Score 77.75 63.56 77.53 64.47

Average French Score 39.90 32.69 54.28 31.34
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Table 9 continued 
Minimum Kinyarwanda Score 13.38 13.48 29.53 18.92

Maximum Kinyarwanda Score 75.75 64.04 72.00 67.47

Average Kinyarwanda Score 50.04 43.55 54.84 45.63

Minimum English Score 10.00 7.50 13.29 13.66

Maximum English Score 79.88 63.46 73.71 64.61

Average English Score 40.94 30.59 43.85 34.54

Minimum Physics Score 3.50 2.79 12.29 5.42

Maximum Physics Score 76.38 54.63 71.18 56.13

Average Physics Score 38.52 21.68 41.12 25.72

Minimum Chemistry Score 0.75 1.48 5.35 2.76

Maximum Chemistry Score 69.75 45.65 59.47 51.53

Average Chemistry Score 25.60 14.60 28.37 18.77

Minimum Geography Score 11.38 6.21 18.00 10.66

Maximum Geography Score 80.88 69.00 76.12 70.42

Average Geography Score 47.49 36.93 51.08 41.51

Minimum History Score 3.00 3.44 12.47 6.68

Maximum History Score 74.75 60.73 69.88 62.71

Average History Score 36.12 25.73 41.65 31.11

Minimum Biology Score 5.13 2.02 7.76 5.29

Maximum Biology Score 69.50 50.02 60.47 54.37

Average Biology Score 33.28 19.44 35.06 24.84

Public Schools, N= 8; Private Schools, N= 52; Government Subsidized Schools, N= 17; 
Unknown, N= 38 
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Table 10 
Percentage of Students who Passed O-Level Exams Based on School Type 

Public Schools, N= 8. Private Schools, N= 49.  
Government Subsidized Schools: Percentage of all boys who passed, N= 13; All other 
variables, N=17. Unknown: Percentage of all boys who passed, Percentage of all 
students who passed, N= 36; All other variables, N= 36. 

Variable Public 
Schools

Private 
Schools

Government  
Subsidized  

Schools 

School-
Type

Unknown 
Percentage of all girls who 
passed 36.82 14.82 66.12 23.10

Percentage of all boys who 
passed 60.01 29.85 70.91 40.88

Percentage of all students who 
passed 53.04 21.45 74.96 31.52

Ratio of girls to all test-takers 0.11 0.073 0.45 0.12
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Table 11 
Mean Subject Scores on A-Level Exams Based on School Type 

Variable Public 
Schools

Private 
Schools

Government  
Subsidized  

Schools 

School-
Type

Unknown 
Minimum Math Score 0 1.02 3.63 0.96

Maximum Math Score 65.20 40.90 65.63 48.96

Average Math Score 18.94 11.79 25.54 12.64

Minimum English Score 13.00 9.41 17.38 8.0526

Maximum English Score 74.00 58.78 72.50 61.7894

Average English Score 39.12 29.46 42.69 29.82

Public Schools, N= 5. Private Schools, N= 41. Government Subsidized Schools, N= 16. 
Unknown: Math Scores, N= 24; English Scores, N=19. 

 

Table 12 
Percentage of Students who Passed A-Level Exams Based on School Type 

Public Schools, N= 14.  
Private Schools, N= 46.  Government Subsidized Schools: Percentage of all boys who 
passed, N= 14, All other variables, N=17. Unknown, N= 24.   

Variable Public 
Schools

Private 
Schools

Government  
Subsidized  

Schools 

School-
Type

Unknown 
Percentage of all girls who 
passed 77.78 64.09 95.87 61.86

Percentage of all boys who 
passed 77.67 82.10 95.60 70.46

Percentage of all students who 
passed 78.78 73.09 96.25 66.74

Ratio of girls to all test-takers 0.21 0.37 0.51 0.34
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APPENDIX B 
 

Table 13 
Regression Results 

Internet Access Coefficients for O-Level Scores 
 

Variable Model 1 Model 2 Model 3 

 Estimate %Δ Estimate %Δ Estimate %Δ 

Minimum Math Score -0.90 
(1.21) 

-22.56 -2.11±     
(1.35) 

-52.88 -2.00   
(1.79) 

-50.13 

Maximum Math Score 4.03 
(3.45) 

5.86 -5.46      
(3.68) 

-7.93 -5.64   
(4.56) 

-8.20 

Average Math Score -0.10      
(2.45) 

-0.35 -6.21***    
(1.52) 

-21.65 -4.45**   
(2.24) 

-15.51 

Minimum French Score 0.01      
(2.51) 

0.12 0.16      
(2.70) 

1.86 5.40*  
(3.13) 

62.65 

Maximum French Score 
 

-5.23 ±     
(3.32) 

-7.82 -1.11      
(2.72) 

-1.66 -1.93 
(3.37) 

-2.88 

Average French Score -4.02      
(3.21) 

-11.19 -1.83      
(1.29) 

-5.09 -1.18   
(1.69) 

-3.28 

Minimum Kinyarwanda 
Score  

-5.87*     
(3.53) 

-33.28 2.09      
(4.47) 

11.85 4.47 
(5.36) 

25.34 

Maximum Kinyarwanda 
Score  

-9.20***    
(1.89) 

-13.70 -1.03      
(1.70) 

-1.53 -0.39   
(2.21) 

-0.58 

Average Kinyarwanda 
Score  

-8.48*** 
(1.75) 

-18.29 -0.97      
(1.15) 

-2.09 -0.45  
(1.41) 

-0.97 

Minimum English Score  5.27±     
(3.28) 

49.86 -1.92      
(2.36) 

-18.16 2.42 
(2.49) 

22.89 

Maximum English Score -1.73      
(3.41) 

-2.60 -4.04     
(2.57) 

-6.08 -6.98* 
(3.56) 

-10.50 

Average English Score 4.58      
(3.58) 

13.24 -2.55**     
(1.41) 

-7.37 1.28 
(2.80) 

3.70 

Minimum Physics Score  3.21**     
(1.61) 

62.82 0.68      
(1.83) 

13.31 2.18 
(1.87) 

42.66 

Maximum Physics Score  5.73 ±     
(3.63) 

9.70 -7.36**     
(2.97) 

-12.46 -10.71**  
(3.85) 

-18.12 

Average Physics Score  5.13* 
(2.68) 

18.96 -4.34***    
(1.25) 

-16.04 -4.92*** 
(1.78) 

-18.18 
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Table 13 Continued 
Minimum Chemistry 
Score 

-0.79     
(1.08) 

-32.51 -0.85      
(1.19) 

-34.98 -0.16 
(1.54) 

-6.58 

Maximum Chemistry 
Score 

1.27      
(4.43) 

2.48 -5.58±     
(3.37) 

-10.88 -2.71   
(4.05) 

-5.28 

Average Chemistry 
Score 

-1.14      
(2.31) 

-6.07 -4.59***    
(1.13) 

-24.44 -6.75*** 
(1.69) 

-35.94 

Minimum Geography 
Score 

-1.06      
(2.72) 

-10.84 2.39      
(3.11) 

24.44 2.95 
(4.06) 

30.16 

Maximum Geography 
Score  

-6.23**     
(2.46) 

-8.73 -1.07 
(2.19) 

-1.50 -4.86   
(3.41) 

-6.81 

Average Geography 
Score  

-7.24*** 
(2.41) 

-17.54 -3.76**    
(1.59) 

-9.11 -8.86*** 
(3.09) 

-21.47 

Minimum History Score -0.15      
(1.99) 

-2.58 -3.28* 
(1.87) 

-56.36 -2.84 
(2.10) 

-48.80 

Maximum History Score 1.48      
(3.23) 

2.32 -1.51      
(3.28) 

-2.37 -1.27   
(4.07) 

-1.99 

Average History Score 0.22      
(2.70) 

0.72 -3.91**     
(1.76) 

-12.79 -3.86** 
(1.94) 

-12.62 

Minimum Biology Score -0.30 
(1.69) 

-7.19 -0.68      
(1.77) 

-16.31 -1.33   
(2.33) 

-31.89 

Maximum Biology 
Score 

-3.85      
(3.71) 

-7.08 -3.36      
(2.97) 

-6.18 -6.68   
(4.66) 

-12.29 

Average Biology Score  -3.75      
(2.52) 

-15.31 -2.26*     
(1.35) 

-9.22 -5.74** 
(2.61) 

-23.43 

 N= 114 N=88  N=90 

±85% 
*90% 
**95% 
***99% 
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Table 14 
Regression Results 

Internet Access Coefficients for A-Level Scores 

Variable Model 1 Model 2  Model 3

 Estimate %Δ Estimate %Δ Estimate %Δ 

Minimum Math Score 
-1.30      
(0.99) 

-90.91 -2.95** 
(1.37) 

-206.29 -3.86**  
(1.61) 

-269.93 

Maximum Math Score 
1.22       

(4.75) 
2.48 -9.11   

(6.20) 
-18.53 -10.21 

(8.62) 
-20.77 

Average Math Score 
-1.67      
(2.43) 

-11.13 -4.51* 

(2.45) 
-30.07 -5.44± 

(3.45) 
-36.27 

Minimum English Score 
-2.45      
(2.33) 

-22.50 -1.19   
(2.22) 

-10.93 -8.34**  
(3.96) 

-76.58 

Maximum English Score 
6.55*      
(3.71) 

10.37 2.30   
(4.25) 

3.64 3.60   
(5.35) 

5.70 

Average English Score 
-0.29      
(3.09) 

-0.89 -2.32   
(1.83) 

-7.08 -7.13**   
(3.36) 

-21.77 

 N=81  N=80  N=68 

±85% 
*90% 
**95% 
***99% 
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