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Abstract 
More and more schools worldwide provide their students with an individual digital tool, 

investments called 1:1 programs. However, there is still limited knowledge about the causal 

effects of such programs on students’ education outcomes, especially for high-income 

countries. This paper examines how the implementation of 1:1 programs affects pupils’ average 

academic performance in primary school (grade 3) in Sweden between 2014/2015-2018/2019. 

The data is collected from the Swedish National Agency for Education and the Institute for 

evaluation of labour market and education policy (IFAU) on school level. I use a difference-in-

difference design to estimate the effect of 1:1 programs on pupils’ academic performances.  

The main results in this study indicate that 1:1 initiatives have a small positive effect on 

students’ academic performances in Swedish and mathematics on average, although the effect 

varies depending on the subtests investigated.  
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1.0 Introduction 
The increased digitalization has affected and changed the entire society, including the education 

system. Today, advanced technology permeates classrooms worldwide (The Swedish National 

Agency for Education, 2018). The COVID-19 pandemic has made the digital transformation 

played an even more tremendous role in the public education system than before, when schools 

have been forced to close buildings and adapt partial or utterly online teaching in a short matter 

of time. The COVID-19 pandemic has accelerated the digitalization process and forced schools 

to provide students with digital tools and distance learning. 

During the 21st century, the idea of providing a personal digital tool to every pupil 

and teacher increased. Today, many schools have handed out laptops or tablets for the students 

to be able to use both in the classrooms and at home. This type of investment has been called 

“one student - one computer” or “1:1 programs”. According to The Swedish National Agency 

for Education (2018), around a fourth of all pupils in primary schools (grade 1-3) has access to 

a personal digital tool. The corresponding number for upper secondary school is just over three 

quarters. 

The purpose of these 1:1 programs is for the investment to improve the learning 

process, by higher individualized learning and increased digital competence among students 

(The Swedish National Agency for Education, 2018). Furthermore, information and 

communication technology (ICT) intend to be highly included in the teaching of every subject. 

Besides improving the student’s ICT skills, the overall goal is to enhance the learning and 

students’ academic performance (Isalm and Grönlund, 2016).  

Even though more and more schools invest in 1:1 programs, there is still limited 

credible knowledge about the causal effects of 1:1 programs on students’ academic 

performance, especially from high-income countries. One of the possible harmful effects 

highlighted is that if schools provide their students with personal digital tools, it might lead to 

an increased lack of concentration among students. Furthermore, the financial resources being 

used for the 1:1 investments could have been used to e.g. hiring more teachers or purchasing 

teaching materials (Hall et al, 2019). 

This study examines how the implementation of 1:1 programs affects pupils’ 

average academic performance in primary school (grade 3) in Sweden, where the standardized 

test in mathematics and Swedish is used as an outcome for academic performance. To 

investigate this, I conduct a panel datasets on school level in Sweden between 2014/2015-

2018/2019 by combining data from two sources and apply a difference-in-difference approach 

with time and school fixed effects. I also compare if the result differs depending on their student 
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composition by investigating if students with dissimilar background are affected differently by 

the programs. Lastly, the study examines whether the effects differ depending on if the students 

was provided with a laptop or a tablet and depending on which subtest of the national 

standardized test in mathematics and Swedish we are looking at. To the best of my knowledge, 

the latter data has not been used before when estimating the impact of 1:1 programs on 

education outcomes.  

  The main findings in this paper indicate that 1:1 initiatives have a small positive 

effect on the students’ academic performances on average, measured as the share of students 

who passed the required level in different subtests on the national standardized tests in Swedish 

and mathematics. When estimating if the effect varies depending on the subtest investigated, I 

found that adopting a 1:1 program increase the share of students that passed the subtest writing 

by approximately six percentage point. In contrast to what I hypothesized, there seems to be a 

negative effect of 1:1 programs on calculations. However, since the latter results are statistically 

insignificant we cannot draw any conclusions from the estimation. There are signs indicating 

that the technology used might influence how the students’ academic performances are affected. 

Furthermore, having parents with higher education seems to negatively affect students’ 

education outcomes by the socio-economic aspect, even though the effect is small.   

The results seem robust towards a change in the time of treatment and teachers background 

characteristics does not seem to covary with the treatment. Nevertheless, the results should be 

interpreted with some caution due to limitations in the data.    

The remainder of the paper is structured in the following way: Section 2 presents 

a background of 1:1 initiatives and how ICT is used in schools, followed by previous literature. 

Furthermore, delimitations and contribution of the study are included. Section 3 introduces the 

theoretical framework. In section 4, the data used in this study is described together with some 

descriptive statistics displayed. Section 5 presents the methodology used together with essential 

assumptions. The results from the estimations are presented in section 6, and section 7 contains 

a sensitivity analysis. In section 8, the results are discussed. Lastly, section 9 concludes the 

paper.  
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2.0 Background  
 
2.1 The presence of 1:1 programs and ICT in Swedish schools  
Digitalization is one of five prioritized areas for the Swedish National Agency for Education. 

As part of this, the authority is currently working with the digitization of the national tests in 

Sweden (2020). The technology has created new conditions for work and collaboration, where 

information and communication technology (ICT) has become a more and more essential part 

of education. The aim of the digitalization process is to increase the quality of teaching. When 

adopting a 1:1 program, various mechanisms may improve the students’ academic 

performances (Haelermans 2017; Islam and Grönlund 2016; Bulman and Ferlie 2016). 

Intensified ICT use might increase students’ motivation and give them access to better 

information on the internet. Also, the individualized learning may increase due to e.g. computer 

programs with self-paced instructions that may suit the weaknesses and strengths of an 

individual student. At the same time, digital tools can often appear as a distraction. In a report 

from the Swedish National Agency for Education (2016), two-thirds of the teachers in upper 

secondary school (grade 7-9) opine that the work in the classrooms is interfered due to students’ 

use of text messages and social media.  

 The introduction of 1:1 programs, where students are provided a laptop or a 

computer from the school, may also change the way that student work. In a report from 

Grönlund (2014), the author emphasizes that students’ solo work with a computer increases 

with the introduction of a 1:1 program. The reverse side of this is that the need for support from 

teachers tends to decrease as students work more independently. Results indicate that low-

performing students suffer extra hard when students’ solo work in school increase (Grönlund, 

2014). On the other, adopting a 1:1 program is occasionally suggested to give low 

socioeconomic status students (LSES) access to new resources to a greater extent than high 

socioeconomic status students (HSES). Hence, it is an ongoing discussion whether the 

technology leads to reducing educational and social inequity. At the same time, it could also be 

the case that LSES might experience it more difficult to take advantage of technology than 

HSES, due to less experience and help from parents (Hall et al, 2019).  

The combined results from eight different randomized experiments on ICT in the 

Netherlands indicates that students take various advantage when using digital tools, conditional 

on the age and the domains that the devices are used in. The results indicate that more difficult 

domains of mathematics are more beneficial for students in grade 8 and 9 as well as high-

performing students. In contrast, easier domains are beneficial for students in lower-year 



 7  
 
 

courses. The effects also differ across performance levels, where statistically significant 

differences in the impact of accommodating digital learning tools have been found between 

low, middle- and high-achieving students. When using online tools, the mathematic skills of 

middle-achiever students seem to increase less than for low-achiever students. The effect for 

high-achievers is more unclear. Furthermore, low-achiever students appear to benefit more 

from interventions in mathematic domains (proportions, measurements and numbers) than 

middle-achieving students. The results from the experiments in the Netherlands also indicates 

that digital learning-tools are effective for easy-to automate exercises, e.g. addition and 

multiplication in mathematics and spelling in languages (Haelermans, 2017). Burns et al (2012) 

show that computer-delivered mathematics was beneficial for students in grades 3 and 4 

compared to the control groups that almost did not use the program at all. Also, significantly 

fewer students who were at risk for mathematics difficulties continued to be at risk after using 

the program. Pilli and Aksu (2013) also found results in line with previously discussed papers 

when investigating the effects of computer-assisted instructions (CAI) on mathematics 

performances for students in grade 4 in Cyprus. The researcher found effects for division and 

multiplication, while no effect was found for fractions.  

Even though there is still limited knowledge about the causal effects of 1:1 

programs on students’ academic performance, more and more schools choose to provide their 

pupils with an individual digital tool (the Swedish National Agency for Education, 2018). The 

decision to invest in ICT and provide students with a personal laptop or tablet is made by the 

schools themselves and, more specifically, generally a decision taken by the principal. Each 

school has a budget for such investments, but some municipals also have initiatives with 

earmarked financial resources for 1:1 programs (Hall et al, 2019).   

To what extent are technical tools in compulsory school implemented, and do 

schools usually hand out laptops or tablets? According to the Swedish National Agency for 

Education (2016), a trend that seems to be continuing is that preschools and primary schools 

choose tablets above computers. However, computers are still the most common technical tool 

in compulsory schools, but tablets have evolved quickly, from 10 percent in 2012 to 40 percent 

in 2016.  

How ordinary is the use of laptops or tablets in primary school? In a report from 

Swedish National Agency for Education 2016, teachers were asked how often and in what way 

pupils use computers or laptops in their schoolwork, to measure the use of IT.1 

 
1 Table 1 and Table 2 only measure the IT use for pupils in primary school in general and not the IT use 
specifically for schools that adopts 1:1 programs. Unfortunately, it is difficult to find information to what extent 
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Table 1: How often do pupils’ (grades 1-3) use a computer or tablet in their schoolwork?  
 2012 2015 

Every day 6 14 

Once or several times a week 39 40 

Once or several times a month 24 18 

More rarely 20 19 

Never 6 5 

I don’t know 6 5 

Note: The table reports questionnaire responses from a survey, representing the share (%) of teachers to pupils 

(grades 1-3).  

 Source: Table created from the Swedish National Agency for Education (2016). 

 

Table 2: Computer use for pupils in grade 1- 3, measured in different tasks in their schoolwork. 

 2012 2015 

Write essays/assignments  25 27 

Read (e.g., a book) 4 8 

Calculate 12 17 

Make presentations 15 19 

Search for information 31 34 

Work with pictures, sound, music, 

and movies 

15 22 

Learn another language, e.g. 

English 

12 17 

Note:  The table reports questionnaire responses from a survey, representing the share (%) of teachers to pupils, 

grades 1-3, declaring that pupils always/almost or often use computer or tablet in their schoolwork for different 

tasks.  

Source: Table created from the Swedish National Agency for Education (2016). 

 

Table 1 shows that it was more common for pupils (grades 1-3) to use computers or tablets in 

their daily schoolwork 2015 compared to 2012. The share of teachers that reported that students 

use a computer or a tablet every day was 6 percent 2012 compared to 14 percent 2015. Table 2 

indicate that it is still somewhat unusual for students in primary school to use technical tools 

for some of the specific school assignments, even though it has become slightly more common 

over the years in all of the tasks presented in Table 2.  The table also indicates that IT seems to 

 
IT and ICT are used in specific subjects or tasks for primary schools that have adopted a 1:1 program. 
Nevertheless, according to a study from the National Agency for Education (2016), schools that adopt 1:1 
programs usually incorporate ICT in the teaching to a larger extent than schools that have not implement such a 
program.  
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be used in a larger extent in tasks relating to writing, search for information, learning a language 

and calculations, but not to such an extent for reading.  

 

2.2 Previous literature 
The effects of investments in ICT on student’s education outcomes have been investigated with 

credible methods in various papers with diverse findings. Beuremann et al. (2015) found no 

impact on student achievement when the use of ICT increased. In turn, Leuven et al. (2007) 

found negative effects while Banerjee et al. (2007) found positive impacts.2 Nevertheless, how 

these findings can be generalized to the effect of 1:1 programs are not certain, since 1:1 

programs imply a significantly increased use of ICT compared to school’s general use of ICT 

(Hall et al, 2019). Hence, in the context of this study, it is more relevant and interesting to 

address literature that has examined the effect of 1:1 programs on educational outcomes.  

In a recent study from Hall et al (2021), the authors investigate how pupils that 

have received a personal laptop or tablet from their school are affected in educational outcomes. 

The authors address this by sending out a survey to different schools in 26 Swedish 

municipalities to ask whether the schools have adopted a 1:1 program or not and combining 

this information with administrative data during 2008-2013. By using a difference-in-difference 

design, they estimate the impact on educational outcomes for lower secondary schools in 9th 

grade 2011-2016. The authors also investigate how 1:1 programs affect the pupil’s progression 

to a higher level of education. The main results indicate no significant impact on the national 

standardized test in mathematics, English, or Swedish on average. Nevertheless, their results 

show that the implementation of 1:1 programs might increase inequality in education through 

worsening math skills and decreasing enrollment in upper secondary school among students 

having parents with lower levels of education. The authors also declare that their study is one 

of the first to, in a credible way, estimate the causal impact of 1:1 programs on student 

achievements from a high-income country (Hall et al, 2021). The empirical literature about the 

effects of 1:1 programs provides various papers that indicate a positive correlation between 

students’ education outcomes and 1:1 programs. However, the literature is largely dominated 

by other scholars than economists, where the methods used to isolate causal effects generally 

are not very reliable (Hall et al, 2019).3 

 
2 For an overview of the literature within this field and explanations to why the findings may differ, see 
Harlemans (2017), Bulman and Fairlie (2016) and Escueta et al (2017).  
3 In these scholars, there are attempts to use some sort of fundamental difference-in-difference approach or 
construct comparison groups, where the causal statement formulated on these papers relies on strong 
assumptions.  
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 However, some studies using experimental designs provide more credible 

evidence on the causal effects of 1:1 programs. One of these is a paper by Cristia et al (2012) 

that investigates the impact of a 1:1 program in primary schools of rural Peru by a randomized-

controlled-trial (RTC). The authors use an OLS regression to estimate the effect since the 

treatment is randomly assigned. The data in the study is collected 15 months after the 1:1 

implementation, and the results indicate that there is no significant impact on neither enrollment 

nor test scores in mathematics and language. However, they do find a positive effect on the 

general cognitive skills of the students. The authors highlight the lack of more empirical 

evidence of the effects of 1:1 investments, even though many countries are forcefully 

implementing these kinds of programs (Cristia et al, 2012). 

A similar study is made by De Melo et al (2014), which studies the 

implementation of a 1:1 program in Uruguay on students’ math and reading scores by using a 

model with fixed effects at the school level. Like Cristia et al (2012), the results indicate that 

implementing a 1:1 program has no effects on math and reading scores after two years. Another 

paper that found no short-term impact on students’ academic performance is Hull and Duch 

(2018) that estimate a laptop program in North Carolina using a difference-in-difference 

approach. Though, in the medium term, the results show a positive impact on math scores that 

improved by 0.13 standard deviations. However, essential to mention is that the sample in their 

study only consist of seven schools from one school district. 

In a recent study from Yanguas (2020), the author combines household survey 

data from 2001-2018 with administrative data from 2006-2016 to exploit cross-cohort variation 

in access to technology among primary and middle school pupils in Uruguay. The author 

applies a regression discontinuity in time approach with province-specific trends and claims the 

study provides the first causal estimates of children’s access to laptops and IT on educational 

attainment and outcomes in early adulthood. Overall, the results indicate that educational 

attainment has not increased, rather it might have lessened, even though a noteworthy increase 

in computer access.   

Lastly, a paper that investigates 3rd -grade students is Mo et al. (2013). The authors 

estimate the effect of a one laptop per-pupil child program in migrant schools in China using 

an OLS regression. They found a positive effect on mathematic scores (increased by 0.17 

standard deviations) and computer skills. The results also indicate that the student used 

educational software to a large extent than watching TV.  
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2.3 Delimitation  
One delimitation in this study is that there might be other aspects (positive or negative) of 1:1 

programs that are not investigated, e.g., the evolvement of the student’s ICT-proficiencies, since 

that is not the aim of this thesis. Furthermore, the study is delimited by not investigating how 

teachers applicate 1:1 investments. Several previous studies have highlighted the importance of 

how new technology is incorporated and used by teachers to attain improved results on students’ 

performance and to also have a purpose with a plan (Hattie, 2009; Haelermans, 2017). 

Nevertheless, in the study from Hall et al (2019), the authors found no evidence supporting 

more successful student performances in schools with documented strategies regarding how 

ICT should be incorporated or some kind of documented strategy for teacher training, due to 

the new increased technology. Hence, investigating how the new technology is integrated and 

used by teachers is beyond the scope of this thesis and lacks data to investigate. Still, it is crucial 

to mention that this might be a vital aspect of the effect of 1:1 programs that I do not investigate. 

Another essential thing to address is that the comparison in this study is not 

between adopting a 1:1 program and using no computers or technical tools at all. Almost all 

schools in Sweden have some kind of access to computers today. Still, the difference is that the 

students do not receive an individual laptop or table with a significantly increased use of ICT 

incorporated into each subject. Hence, this study investigates if 1:1 programs and more 

comprehensive use of ICT leads to other education outcomes compared to schools with more 

limited access to computers and ICT. Lastly, students may also be affected differently by 1:1 

programs concerning how long they have been exposed to treatment (e.g Hull and Duch, 2018). 

Due to the limitation of not being able to follow student cohorts over time, this is not something 

that I will be able to investigate.  

 

2.4 Contribution  
 Previous studies have addressed that there is limited knowledge about the causal effects of 1:1 

programs on student’s education outcomes, even though such programs are implemented in 

more and more schools worldwide. The literature also emphasizes that a schools’ decision to 

provide their pupils with personal digital tools can lead to potential drawbacks, e.g., increased 

lack of concentration among students. Furthermore, low-performing students seems to suffer 

extra hard when students’ solo work increase. Also, the financial resources used to implement 

1:1 investments could be used to e.g. hiring more teachers or purchase extended teaching 

materials. The effect of increased ICT also seems to differ depending on age, domains, tasks 

and performance levels. Lastly, the COVID-19 pandemic is a current example of when schools 
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need to quickly adapt and change from traditional teaching to online education, which one can 

assume would probably be facilitated if pupils had access to a personal computer or tablet 

provided by the school. Hence, this question is essential to examine and highly relevant from a 

policy perspective.  

I contribute to the literature by first giving an overview of the previous findings 

and discussions in the literature of the effect of 1:1 programs on educational outcomes. Since 

most of the studies investigating this question are dealing with methodological issues, there are 

only a few studies with more reliable evidence on the causal effect of the 1:1 programs on 

educational outcomes. 

Some more reliable previous studies that have looked at primary schools have 

substantially different context compared to my study. For example, this is the case in the study 

from Cristia et al (2012) that estimates the effect of 1:1 programs in primary schools of rural 

Peru, where it is difficult to know to what extent the results can be generalized to a study like 

mine that examines the effect of 1:1 programs in a developed country as Sweden. Almost none 

of the schools in Cristia et al (2012) sample had access to the internet. Hence there are potential 

lower sources of distractions in the classroom and more boundaries of how the technology may 

be used (Hall et al, 2019).  

To the best of my knowledge, there is no study so far that has been estimating the 

effect of 1:1 programs on particularly 3rd-grade students’ performances that has similar context 

to my study and has used a credible methodological strategy. I apply a difference-in-difference 

approach similarity to Hall et al (2021) and Hull and Duch (2018) and use time and school fixed 

effects to compare how students’ average education outcomes change in schools that have 

implemented a 1:1 program compared to students’ average education outcomes in schools that 

have not yet introduced these kind of programs. 

Furthermore, I contribute to the literature by examining if the effect differs 

depending on which subtest we are looking at on the standardized tests in mathematics and 

Swedish. Based on the previously described results from the experiments in the Netherlands 

(Haelermans 2017) and the positive effect on mathematic scores found in the paper from Mo et 

al. (2013), I hypothesize that I will find positive effects in the subtests of calculations and 

spelling. I also investigate if the effect differs between the schools concerning their student 

composition. Hence, I examine if the effect differs depending on their student composition by 

investigating if students having with parents with a university degree are affected differently 

by the programs. Lastly, I add to the literature by investigate this question using data from the 

Swedish National Agency for Education combined with data from a project within the Institute 
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for evaluation of labour market and education policy. To the best of my knowledge, this data 

has not been used before when trying to estimate this effect.  

3.0 Theoretical Framework 
This section describes a theoretical framework used to help us understand the school’s decision 

of ICT investments (for instance 1:1 programs) relative to other uses of resources and methods 

of teaching within the limitations of the budget and instructional time.  

 

The theoretical predictions of the effect regarding school’s investment in ICT are equivocal due 

to the trade-off between inputs. When schools invest in technological tools and extend ICT use, 

it may approve students’ educational performances. Students can get more individualized 

instruction and computers can provide self-paced instructions. On the other hand, it will 

inevitably come at the expense of investment in other traditional resources that affects learning, 

such as textbooks and teachers. Consistently, the time students spend on their laptops or tablets 

may outcompete their independent learning or traditional instructions by teachers, which may 

be efficient to a higher or lower extend for the students learning process. Hence, the question 

of interest is whether the schools select the optimal levels of technology in respect to more 

traditional input. The computer resources can be attached to a standard model of education 

production (e.g., Hanushek, 1979, 1986; Todd and Wolpin 2003). The following model of 

value-added education can serve as a foundation for analysis of how pupils are affected by 1:1 

programs: 

  

Ait=ƒ(Xit, Ait-1,Sit,Cit,TitS,TitC)      s.t.     PtSSit+PtCCit≤Bt    and    TitS+TitC≤T           (1) 

 

where Ait is a measure of students’ academic achievement, assumed to a function of individual 

and family characteristics (Xit), prior year achievement (Ait-1), expenditures on technological 

resources (Sit,Cit) as well as time allocated to computer and traditional instructions (TitC, TitS). 

The investments (Sit,Cit) are subject to prices (PtS,PtC) and a budget Bt. Lastly, teacher’s time 

for traditional (TitS ) and computer (TitC) instructions in the classrooms is also part of the binding 

constraint by available instruction time (T). Theory suggests that a reallocation towards 

technology will have a negative or zero effect on the academic performances if schools choose 

optimal investment and time allocation levels. However, if the schools do not make optimal 

selections, the resulting change will probably depend on various factors. The quality of 

instruction might be directly affected by more considerable investment in technology e.g., by 
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improving the effectiveness of time devoted to computer-based instruction. Hence, a reduction 

in more traditional resources might reduce the effectiveness of time committed to conventional 

instructions. However, complementarities between teacher skills and technologies might 

compensate part of the negative effects on traditional instructions. If the respective time 

allocations are held fixed, the effect will be positive on condition that 𝜕A/	𝜕C > 𝜕A/	𝜕S. 

Nevertheless, as a response to the changes in resources, schools might change their allocation 

of instructional time. In other words, schools that have invested in computers might allocate 

more time to computer-based instructions and less time to instructions by teachers in group. 

This model can be extended to consider different assumptions regarding the allocation of time 

in the classroom. For example, it could be that computer affects the total amount of instructions 

to increase if teachers need to divide their time on individual and group instructions. If 

traditional instruction time Ts is replaced by CAI (computer-assisted instruction) it would cause 

increased investment in ICT to be more presumably to have a positive effect on education 

outcomes. However, it could also be that pupils use computers for non-instructional activities 

or that mechanical problems with technology creates instructional downtime. If the latter is the 

case, ICT investments are more likely to have a negative effect on education outcomes (Bulman 

and Fairlie, 2016).  

 
4.0 Data 
This section presents the data used in my study and describes how the data has been collected. 

Furthermore, decisions leading to the final data set is presented as well how issues with the data 

have been handled. I also display some descriptive statistics. 

 
4.1 Data description  
This study examines how the implementation of 1:1 program affects educational outcomes for 

pupils in primary school, grade 3. To capture the effects of these 1:1 programs, I use a panel 

datasets on school level in Sweden.4 The panel datasets are constructed by gathering data from 

two sources; official data from the Swedish National Agency for Education and data provided 

within a project by the Institute for evaluation of labour market and education policy (IFAU). 

The latter has information on the occurrence of 1:1 programs in municipal schools for each 

 
4 In fact, the panel dataset is divided into two panel datasets to simplify to process. Hence, the datasets are 
identical, with the only difference that they include different outcomes for Swedish and mathematics, 
respectively. The first dataset consists of outcomes for the national standardized test in Swedish and the other 
dataset consist of outcomes measuring national standardized test mathematics.  
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semester 2016, 2017, 2018, 2019 and for the first semester of 2020.5 More specifically, the 

schools were asked about the existence of a 1:1 program and, if so, which semester such a 

program was implemented, as well as whether the schools provided the students with a laptop 

or a tablet. Furthermore, the schools got to answer whether they received extra funding to adopt 

such a program. The information was initially gathered from a survey June 2016 - May 2017 

sent to primary schools with grades 4-6 in 26 municipalities. However, this was extended with 

an additional round of the survey conducted in January – May 2020. In this additional round, 

schools that also had grade 3 was included. Hence, the latter data (grade 3) is what I use in this 

study.  

The sample from IFAU contains information of 1506 municipal schools with 

grade 3. The sample was obtained in the following way: Firstly, 13 municipals where 1:1 

investments seemed to be common were identified across the country, with a spread in 

population size and education level. Secondly, each of the 13 municipals was matched with a 

municipal that had similar characteristics, only with the difference that the researchers found 

no indications of 1:1 investments occurring ordinarily in these municipal schools. Then, the 

survey was sent to all the schools in the 26 municipals, except a few schools that were excluded 

due to e.g. too few students. The response rate from the additional round of the survey was 196 

schools, which correspond to approximately 70 percent of the requested schools.  

The design of the sample indicates that the data collected cannot be used to 

provide a representative picture of the prevalence of 1:1 investments in Swedish schools over 

time or representative for all schools in the country. Nevertheless, important to mention is that 

it should not affect the empirical analysis or the external validity. This is due to the fact that 

there are no obvious reasons to believe that the sample was selected in a way that would imply 

the effect of 1:1 programs in schools to be very different in comparison to the rest of the country.  

The previously described data from IFAU is after that merged with data on 

school-level from the Swedish National Agency for Education (2021a) for the time period 

2012/2013-2018/2019.7 The reason for extending the time period from the data from IFAU is 

to be able to control for pre-trends and to get better precision in my estimation. The data from 

 
5 Due to the circumstance that the data from The Swedish National Agency for Education only contains 
information for every scholastic year and not for every semester, I will denote, e.g. the autumn semester of 2015 
and the spring semester of 2016 as the academic year 2015/2016. This also limits my study by not being able to 
investigate if the results differ depending on how many semesters the 1:1 programs have been implemented.  
6 The data contained originally 151 municipal schools, but since one of the schools in the sample from IFAU did 
not match with the sample from the Swedish national Agency for Education, the final datasets contain 150 
schools. 
7 2012/2013 and 2013/2014 is only used when investigating pre-trends in section 7.1. Hence, 2014/2015 – 
2018/2019 are the years used in my regression analysis.  
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the Swedish National Agency for Education contains information on the share of students on 

the national standardized tests in mathematics and Swedish that reached the required level of 

all participating students for each subtest separately.8 Furthermore, I include data on students’ 

background characteristics on school level; the share of female students, the share of students 

with foreign background9 and the share of students with parents having a university degree 

(Swedish national Agency for Education, 2021b).10 I also include data on teacher’s background 

characteristics on school level to control for such as the number of teachers per subject and the 

number of teachers with college degree (Swedish national Agency for Education, 2021c).11 The 

latter control variables are measured both in shares and in numbers.12 The background variables 

included in the regression analysis can be found in Table 3 and 4.  

The time period of this study stretches from the academic year of 2014/2015 to 

the academic year 2018/2019, since the latter is the most recent available data from the Swedish 

National Agency for Education. The 3rd-grade student’s academic outcomes are recorded in the 

end of each academic year.  

 

4.2 Outcome variable, treatment and control group  
The dependent variable in this study is the share of students (in percent) that passed the national 

standardized test in mathematics and Swedish, measured for each subtest, respectively. For 

pupils in grade 3, there is no national standardized test in English. Furthermore, data for 

Swedish as a second language that is available have a considerable large amount of missing 

values. Hence, neither of this is not included in this study. The national standardized tests 

measure different abilities of the pupils and are divided into eight different parts for Swedish 

and between seven and nine different parts for mathematics (depending on the year). One of 

the limitations and concerns in this study is that the different subtests in mathematics might not 

be perfectly comparable for every year, since it does not seem to be the same tasks measured 

 
8 Students that did not participate in the subtests are not included in the data. Unfortunately, there is neither any 
information on how large this non-participating group is in contrast to the group that participated. The 
implications of this will be discussed further in section 8.   
9 Students with foreign backgrounds refer to students born abroad or born in Sweden but with both parents born 
abroad. Newly arrived students who have not yet received a residence permit and hence have no have 
information about social security numbers yet are counted in.  
10 The data on student’s characteristics is measured in percent and refers to a whole school (grades 1-9) and not 
specifically to pupils in grade 3. I will elaborate on this further in section 8 (discussion).  
11 The data on teachers’ background characteristics are only available for the time period 2014/2015 – 
2018/2019. Hence, I am not able to include data for the academic years 2012/2013 and 2013/2014. Hence, due to 
the lack of data, my regression analysis only includes data for the academic years 2014/2015 – 2018/2019.  
12 Students per school and teachers per subject are measured in numbers. The rest of the variables controlling for 
teachers’ background characteristics are measured in shares (percent).  
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for every year. To solve this problem, tests that seems to measure nearby abilities have been 

seen as close as comparable for each year, even though they might not be perfectly comparable.  

Another essential thing to address is that there is no combined assessment for all 

of the subtests in each subject in grade 3. The reason emphasized is that in grade 3, it must be 

clear which partial exams a student has passed or not. Even though a student does not pass one 

of the subtests, it does not necessarily mean that the student has not reached the part of the 

subjects’ knowledge requirements (the Swedish National Agency for Education, 2021).    

The different subtests of interest to investigate will be used as separate dependent 

variables to see if the results differ depending on which subtest we are looking at. The subtests 

in mathematics that I found of interest to investigate are calculations (addition), understanding 

of mental arithmetic and patterns/fractions/mathematical similarities. For Swedish, I will 

estimate the subtests: spelling and punctuation, write (narrative text), read (factual text) and 

speak (verbal task). The reason for choosing to investigate these subtests is because they may 

capture different abilities. Furthermore, the background and previous literature described in 

sections 2.1 and 2.2 raised interest in specific subtests such as spelling and calculation. Hence, 

it is of interest to analyze if the effect of 1:1 programs diverges depending on the subtest. In 

light of the results from the experiments in the Netherlands presented in Section 2.1, I 

hypothesize that I will find positive effects in the subtests of calculations and spelling. 

Furthermore, from Table 2, it seemed like ICT is used in a less extent in task related to reading 

and therefore I might expect a smaller effect in the subtest read (factual text). 13 

I also create a variable that measures the average result for each subject, by adding 

all subtests for each academic year and divide by the number of tests performed that year.14 The 

outcome variable for every subtest is measured in percent and hence can take a value between 

0 and 100, where 100 percent indicates that the share of students who passed the requirements 

for the test was 100 percent.15 Some values in the data are coded as missing. If the results are 

based on less than ten students, it is marked as a double-dot. In other words, two dots (..) are 

displayed instead of a value. If data is missing from a school, a dot (.) is displayed instead of 

the outcome value. The data from IFAU contains only municipal schools and consequently I 

 
13 Important to note that Table 2 does not depicts IT use in 1:1 schools specifically or has the same sample as in 
my study. Still, it can serve as an indicator regarding which tasks pupils in grade 1-3 use laptops or tablets in. 
14 The variable “average result” contains information about the share of students that reached the requirement 
level on average, when taking the average of all the subtests for each subject. The variable only includes 
information for schools that has data of every subtest each year. Schools that only have data on some subtests 
and have missing values for other subtests the same year are excluded in the analysis, in order to get as fair and 
consistent measurement as possible.  
15 For students participating in the tests, in other words, it does not include non-participating students. 
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exclude all the independent schools from the data by the Swedish National Agency for 

Education.16 Additionally, I exclude schools with less than ten students in the data since these 

schools lack data on teachers- and students characteristic and hence do not contribute to the 

analysis. Lastly, the data suffer from some missing values for different variables, e.g. the 

variable that measure students with a foreign background. The reason for being missing is 

because the school has not reported the information. Hence, they are considered to be missing 

at random and not causing bias in the estimates.  

The treatment group in this study consists of the schools that have adopted a 1:1 

program during the time period of my study. Out of the 150 municipal schools in the final 

dataset17, there are 36 schools in total that have adopted a 1:1 program at some point along the 

time period of my study, whereof 14 schools have adopted a 1:1 during the whole time period. 

The latter will not be included in the sample since my empirical approach requires at least one 

untreated time period per school for the school to contribute to the identification. In other words, 

I exclude the schools that started to receive treatment for the academic year 2015/2016 in my 

analysis since I cannot distinguish whether these schools received treatment already the 

academic year 2014/2015. Hence, I have three potential treatment periods.18 The control group 

consist of all schools in the dataset that have not adopted a 1:1 program yet. According to the 

data, my final sample consists of 114 schools that have not yet adopted a 1:1 program during 

the time period of my study.  

 

4.3 Descriptive statistics 
Table 3: Summary statistics for schools that have implemented a 1:1 program during the time period of my 
study19  

 Variable  
Obs 

 Mean  Std. Dev.  Min  Max 

Number of students per school 141 51.028 18.305 12 100 
Share of students’ female students (%), grades 1-9 143 48.084 2.85 38 56 
Share of students foreign background (%), grades 1-9 128 46.68 31.792 5 96 
Parents with higher education (%), grades 1-9 143 56.021 21.968 13 90 
Number of teachers per subject(full-time) 133 26.172 11.971 4.4 57.4 
Share of teachers legitimated(full-time) % 133 72.065 10.723 44.2 96.6 
Number teachers per subject 133 30.338 11.506 7 65 
Share of teachers with college degree (%) 133 84.489 9.695 62.5 100 

 
 

16 The data from IFAU does not contain any independent schools, only municipal schools. Hence, I have no 
information regarding implementation of 1:1 programs for independent schools and therefore these schools are 
excluded from the dataset.  
17 Due to missing values in the different variables, the number of observations will shrink when the regression 
analysis is performed and hence will not contain all 150 schools.  
18 The treatment periods are the academic years 2016/2017, 2017/2018 and 2018/2019. 
19 With the expression “the time period of my study” I refer to the academic years 2015/2016 – 2018/2019, since 
these are the years when I can measure if schools have received treatment. Hence, the academic years 
2012/2013-2014/2015 are not included in this table.  
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Table 4: Summary statistics for schools that have not implemented a 1:1 program during the time period of my 
study  

 Variable  
Obs 

 Mean  Std. Dev.  Min  Max 

Number of students per school 409 43.191 21.279 10 129 
Share of students’ female students (%), grades 1-9 446 48.399 4.693 34 70 
Share of students’ foreign background (%), grades 1-9 365 27.951 21.91 3 91 
Parents with higher education (%), grades 1-9 448 55.603 15.637 22 91 
Number of teachers per subject(full-time) 439 18.707 11.165 1.4 67.5 
Share of teachers legitimated(full-time) % 439 70.233 14.504 14.5 96.8 
Number teachers per subject 439 23.125 11.661 3 77 
Share of teachers with college degree (%) 439 83.056 12.401 33.3 100 

 

In tables 3 and 4, summary statistics from my panel dataset is presented with the variables that 

are included in the regression analysis. The tables show descriptive statistics for the schools in 

my sample for the academic years 2014/2015 to 2018/2019. Hence, each observation represents 

a school a given year, as well as the schools teachers- and students’ characteristics. The tables 

indicate that broadly, schools that have implemented 1:1 programs seem to be decently similar 

in terms of observable characteristics in comparison to schools that have not implemented such 

programs. Nevertheless, the tables indicate that the number of students per school, on average, 

are higher for the treatment group than for the control group. This is also the case for the mean 

value of students with foreign background, indicating a higher share of students with foreign 

background in the treatment group compared to the control group. However, the latter should 

be interpreted with some caution since the variable refers to schools for grades 1-9. 

Consequently, the variables measuring the students’ background characteristics might not 

reflect the students’ composition perfectly for students in grade 3.  

 
Table 5: Accumulated statistics of the occurrence of 1:1 programs for municipal schools in my sample, academic 

years 2015/2016 – 2018/2019. 

Academic year Laptop Tablet Total Extra  
funding 

     
2015/2016 8 6 14(150)  75* 

2016/2017 16 7 23(150) 75 

2017/2018  20 11 31(150) 75 

2018/2019 24 12 36(150) 75 

Total (accumulated): 68 36 104(600)  

Note: Number of observations for each year are in parenthesis. 

 * This value is constant for all the years since there is no information regarding which semester or year the school 

received extra funding, which is a limitation in my study (see footnote 20). 
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Table 5 demonstrates the occurrence of 1:1 programs in my sample of schools (grade 3) for the 

academic years 2015/2016 to 2018/2019. During these years, 36 out of 150 schools adopted a 

1:1 program, which corresponds to approximately 24 percent of all the schools in my sample. 

Among the schools that have implemented such programs, laptops are significantly more 

common than tablets, approximately twice as common. In the academic year 2015/2016, 14 

schools had implemented 1:1 programs, in contrast to the academic year 2018/2019 where 36 

schools had implemented 1:1 programs. In other words, these types of programs increase in 

importance over the sampling period. Furthermore, 75 of the 150 schools in my sample have 

received additional funding to finance the purchase of laptops or tablets, 29 schools did not 

receive extra funding and 46 schools did not answer and hence have missing values.20 
 

4.3.1 The ceiling effect  
As noted before, the outcome variables refer to the share (percentual) of students who passed 

the required level in different subtests on the national standardized tests in Swedish and 

mathematics. Table 6 illustrates the mean value of the subtests in Swedish21, indicating that the 

share of students who reached the required level is generally high. The mean value in e.g. 

‘spelling and punctuation’ shows that approximately 90 percent of the students reached the 

required level compared to the subtest ‘speak: verbal test’, where roughly 97 percent of the 

students passed the required level. Even though the table shows that some schools have a lower 

share of students who passed the subtest when looking at the minimum value, the percentage 

of students who pass the required level is on average high in every subtest and in some cases 

100. 22 Hence, this is important to address since there might be seen as a ceiling effect. A ceiling 

effect in statistical terms depicts when subjects have scores near or at the possible upper limit 

(Everitt, 2002). This essentially means that the variance is not estimated above a specific level 

(Cramer and Howitt, 2005) which might occur when the questionnaire or test components are 

 
20 The additional funding received by the schools is not explicitly intended for 1:1 initiatives, explaining the 
number of schools that received funding compared to the school that has adopted a 1:1 program. Furthermore, I 
also cannot distinguish which year the school received extra funding. Hence, I will not use this information in 
my empirical analysis. Still, to some extent, it is interesting to see how many schools have received extra 
funding since these schools might have higher incentives to invest in 1:1 programs.  
*As mentioned in section 5.1, the schools (14 obs) that started to receive treatment 2015/2016 will be excluded 
in the analysis.  
21 The same table are displayed for mathematics in Appendix A, indicating that the share of students who 
reached the required level is generally high, even though the mean value for most of the subtest are lower in 
mathematics than for the subtests in Swedish.  
22As noted before, there is a lack of data regarding the share of students that did not participate in the exam and 
hence 100 percent only refers to the share of students that participated in the subtests.   
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not challenging enough for all participants. Since the subtests only measure the share of students 

who passed the required level, I cannot observe if students have performed above the required 

level. Hence, my study is limited to not being able to measure the effect for e.g. the students at 

the top of the skill distribution that might have passed the subtests with distinction.  

Nevertheless, I can still measure the overall effect of 1:1 program on average and investigate if 

the students with dissimilar backgrounds are affected differently by the programs. 
 

Table 6:  Descriptive statistics illustrating the different subtests in Swedish. 
 Variable  Mean  Std. Dev.  Min  Max 

 Speak: Verbal task* 97.601 4.721 39.2 100 

 Read: narrative text 94.031 6.807 45.7 100 

 Read: factual text* 92.708 8.065 39.1 100 

 Individual reading aloud 94.723 5.901 57.1 100 

 Read: Conversation in text 97.017 5.01 57.1 100 

 Write: narrative text* 91.35 8.936 42.3 100 

 Spelling and punctuation* 90.086 9.76 33.3 100 

 Write: factual text 91.591 9.746 40 100 

 Average result* 93.732 5.411 61.225 100 

Note: Descriptive statistics illustrate the share of students who passed the required level in the different subtests 

on the national standardized test in Swedish. 

*The variable is included as outcome in the regression analysis.  

 

5.0 Method 
This section introduces the identification strategy, followed by the essential assumptions that 

needs to be fulfilled for the strategy to be valid.  

 

5.1 Empirical Strategy 
This study aims to examine the effect of 1:1 programs on academic performances for pupils in 

primary school (grade 3) in Sweden. Treatment occurs when a school has adopted such an 

investment for the time period of my study.  

To capture the causal effect of 1:1 programs, I use a difference-in-differences 

approach with time and school fixed effects. I compare how students’ average educational 

outcomes change for schools that have implemented such a program to changes for schools that 

have not implemented a 1:1 program during the time period of my study.  

A difference-in-difference approach can be used when the treatment is “as if” 

randomly assigned, but there still might be some differences that remain between the treatment 
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and control group even after controlling for observed variables (Stock and Watson, 2015). In 

an ideal experiment, schools would be randomized into a treatment and control group and 1:1 

programs would only be given to schools in the treatment group. This is not possible, but 

nevertheless, I can utilize the institutional setting and variation that only some schools have 

adopted such an investment, while other schools have not implemented a 1:1 program yet. 

Since the schools in my sample will receive treatment at different times, there will 

be more than one pretreatment period (Angrist and Pischke, 2009).  I use an extended version 

of the difference-in-difference standard format since I have multiple groups and time periods 

(Callaway and Sant’Anna, 2020).  

 Hence, my baseline estimation would be specified as:  

 

Yst = 𝛼 + βDst + 𝛾Xst + 𝜃s+ 𝜆t+ 𝜀st                            (2) 

where s denotes the school and t is the time measured in year. Yst is the outcome variable which 

implies student’s average education outcome for a school s in time period t. Dst is a dummy 

variable taking on value one if a school is exposed to treatment (1:1 program). Once the school 

is treated in year t, the school remains treated in the following years. Dst is equal to zero if a 

school that is subject to treatment is in a pre-treatment period, or if a school is in the control 

group and consequently does not receive treatment. β is the difference-in-difference estimator, 

which is the parameter of interest. Xst is a vector that includes controls for student and teacher 

background characteristics on school level and 𝜃s denotes school-fixed effects. The latter 

eliminates bias arising from unobservable factors that vary across schools but remain constant 

over time. 𝜆t represents time fixed effects, which control for unobservable factors that are 

constant across schools but vary over time, e.g., changed social attitude towards the use of 

laptops for pupils or if the severity of the subtests differs between the years. Lastly, 𝜀st is an 

error term that includes unobserved factors affecting Yst that change over time. To be able to 

make a causal interpretation of β, the error term must uncorrelated with the 1:1 program. 

 As mentioned before, there are 14 schools that have adopted a 1:1 

starting 2015/2016. These treated schools are not included in regression analysis since my 

empirical approach requires at least one untreated time period per school to contribute to the 

identification and because I cannot distinguish whether these schools received treatment already 

the academic year 2014/2015. A potential problem that may bias the sample is the risk of 

students sorting themselves into schools that provide 1:1 programs. However, the problem 

should be mitigated if students receive their computers and tablet in grade 3. If so, the risk of 

students’ sorting themselves already in grade 1 should be low. 
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5.2 Underlying assumptions 
For difference-in-difference to be a valid identification strategy, and for the results to be 

casually interpreted and unbiased, we have to assume that the difference between the treatment 

and the control group would have remained constant in the absence of such a treatment being 

introduced. This assumption is referred to as the parallel trend assumption (Stock and Watson, 

2015). In this context, the key identifying assumption implies that, besides a school’s 

implementation of a 1:1-program, there should be no unobservable confounding factors that 

vary both over time and across schools that systematically affect students’ academic 

performance in the treated schools. This fundamentally means that we would be allowed to 

observe the same trends in students’ educational outcomes for both the treatment and control 

group over time if treatment (implementation of a 1:1 program) had never occurred.  

However, it is crucial to mention that we are not able to observe these trend-

changes, since they refer to trends in educational outcomes in a parallel universe where the 

adoption of 1:1 investments in schools would have never occurred. In other words, this 

assumption is essentially untestable (Callaway and Sant’Anna, 2020). 

Nevertheless, I can appraise the credibility of the assumption by investigating pre-

treatment trends. In order to analyze pre-treatment trends, I include data from the Swedish 

National Agency for Education three years before the treatment took place in the schools. 

The test of the parallel trend assumption can be found in section 7.1 and is performed to 

strengthen my claim that there was no effect of the 1:1 program prior to the adoption.  

To further examine this, I conduct placebo tests where I use my baseline 

estimation equation (2) but denote the treatment (implementation of a 1:1 program) to have 

happened one and two years before the “real” treatment occurred in a school. The placebo tests 

are performed to check if the results are robust against a change in the treatment time and can 

be found in section 7.2.  

The difference-in-difference estimator β compares the change in student’s 

educational outcome before and after a 1:1 program has been adopted to the changes in student 

educational outcome (for the corresponding time period) in schools that have not adopted such 

a program yet.  Hence, in the standard format of difference-in-difference, β is given by: 

 β =[𝐸(Yt1 | ST) - 𝐸(Yt-10 | ST) ] - [𝐸(Yt0 | SC) - 𝐸 (Yt-10 | SC) ]                          (3) 

where Yt1 is the expected outcome of treated schools ST in period t when treatment occurs,  

Yt-10 is the expected outcome in a pre-treatment period and Yt0 is the expected outcome of 

schools that denote the control group SC where no treatment occurs. 
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The parallel trend assumption is given by:  

𝐸(Yt0 | ST) - 𝐸(Yt-10 | ST) = 𝐸(Yt0 | SC) - 𝐸 (Yt-10 | SC)                          (4) 

which imply that, if treatment never occurred, we would have been able to observe the same 

trends in potential student academic outcome for the schools in the treatment and control group 

over time. Nevertheless, as mentioned before, I use an extended version of the difference-in-

difference standard format since I have several groups and time period. Consequently, schools 

receive treatment in different years.  

Another necessary assumption that is essential to be fulfilled for the difference-

in-difference results to be casually interpreted and unbiased is the Stable Unit Treatment Value 

Assumption (SUTVA) (Angrist and Pischke, 2009). In this context it means that neighboring 

schools in the control group are not affected by the implementation of 1:1 programs in the 

treated schools. Hence, I need to assume no interference across schools, which should be a more 

plausible assumption than no interference across students. However, empirically identify 

eventual spillover effects is challenging. Consequently, this will not be investigated further 

since there should be a low risk of SUTVA being violated unless neighboring schools in the 

control group in some way are affected by the implementation of 1:1 programs in the treated 

schools.  

6.0 Estimation results  
In this section, the results from my empirical analysis will be presented. The main results are 

presented first, followed by a number of extensions examined.  

 

6.1 Main results  
Table 7 and 8 display the main results of my baseline difference-in-difference estimation, 

where I estimate the impact of 1:1 programs on the share of students that passed the required 

level on the standardized national test in grade 3 for the years 2014/2015-2018/2019.  I 

perform the analysis for the subjects’ mathematics (Table 7) and Swedish (Table 8) 

respectively, following equation (2) in the empirical strategy section, using the variable 

average result for each subject as outcome. 23 The first specification demonstrates the effects 

of being exposed to treatment (implementation of a 1:1 program). The second specification 

includes controls for student background characteristics and the third specification add 

controls for teacher background characteristics. 

 
23 The variable is created by adding all subtests for each academic year and divide this by the number of tests 
performed that year. 
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In Table 7, the estimated coefficient for the 1:1 program indicator shows a small 

positive effect on students’ average results in mathematics. The estimates indicate that 

implementing a 1:1 program caused the share of students who passed the required level on the 

standardized national test to increase by approximately 2 percentage points. However, the 

results only statistically significant at 10 percent level for specification (1). When adding 

control of students’ background characteristics in specification (2) and controls of teachers’ 

background characteristics in specification (3), the estimates get slightly less positive and not 

statistically significant. Nevertheless, the point estimates stay relatively similar, which is 

reassuring.   

If the point estimates had changed in magnitude when I add controls, the effect 

would not be robust to adding controls. The controls are measured on the school level and 

included since they might be potential determinants of the student academic outcomes and 

correlated with treatment. Suppose the point estimate would have changed largely in 

magnitude when the controls are added. In that case, that might imply that there are trends in 

the school teacher characteristics that covary with treatment, which may imply that the 

parallel trend assumption does not hold. Consequently, the point estimates from the 

estimation would be too unstable to draw any conclusions from. Nevertheless, since there is a 

small change in the point estimates when controls are added, I will perform a robustness test 

to investigate this further.    
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Table 7. The effect of 1:1 programs on the average results in mathematics. 

    
VARIABLES (1) (2) (3) 
    
1:1 program 2.440* 2.024 2.164 
 [1.461] [1.471] [1.454] 
Students per school  0.011 0.021 
  [0.031] [0.033] 
Female students (%), grades 1-9  -0.387** -0.362** 
  [0.163] [0.163] 
Foreign background (%),grades 1-9  -0.260** -0.294** 
  [0.119] [0.125] 
Parents with higher education (%),grades 1-9  0.188 0.187 
  [0.117] [0.121] 
Teachers per subject(full-time)   0.155 
   [0.174] 
Teachers legitimated (full-time)%   -0.084 
   [0.075] 
Teachers per subject   -0.204 
   [0.154] 
Teachers with college degree (%)   0.047 
   [0.063] 
    
Observations 529 529 529 
R-squared 0.026 0.064 0.074 
Number of schools 124 124 124 
School and Time FE Yes Yes Yes 

Note: The table displays the results of the difference-in-difference estimation of 1:1 programs on the average 
results in mathematics grade 3, by the share of students that passed the required level at the national standardized 
test during the academic years 2014/2015-2018/2019. Schools that started to receive treatment 2016 are 
excluded in the analysis. All regressions control for school and time fixed effects. Statistically significant results 
are marked with stars as follows: *** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in brackets clustered on 
school level.   
  

The earlier presented summary statistics in table 6 display that, on average, the share of students 

that passed the required level in Swedish was 93, 7.24 In Table 8, the estimated coefficient for 

the 1:1 program indicator shows a small positive effect on students’ average result in Swedish, 

indicating that the share of students that passed the required level on the standardized national 

test increased by approximately 2.5 percentage point when a 1:1 program was adopted.  The 

results are statistically significant on a five percent level in the first specification (1) and 

statistically significant on a ten percent level when adding controls for students’ background 

characteristics (2) and teachers’ background characteristics (3). When adding control of 

teachers’ background characteristics, the point estimates change slightly in magnitude but 

overall, the results stay quite similar, which is reassuring.  

 
24 Measured by the created variable ‘average result’ in Swedish.  
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Table 8. The effect of 1:1 programs on the average results in Swedish. 

    
VARIABLES (1) (2) (3) 
    
1:1 program 2.709** 2.480* 2.602* 
 [1.320] [1.353] [1.342] 
Students per school  -0.057* -0.048 
  [0.029] [0.031] 
Female students (%),grades 1-9  -0.118 -0.095 
  [0.123] [0.119] 
Foreign background (%),grades 1-9  0.012 0.019 
  [0.108] [0.106] 
Parents with higher education (%), grades 1-9  0.056 0.074 
  [0.098] [0.101] 
Teachers per subject (full-time)   -0.147 
   [0.108] 
Teachers legitimated (full-time)%   -0.035 
   [0.040] 
Teachers per subject   0.065 
   [0.088] 
Teachers with college degree(%)   0.065 
   [0.049] 
    
Observations 459 459 459 
R-squared 0.034 0.051 0.060 
Number of schools 113 113 113 
School and Time FE Yes Yes Yes 

Note: The table displays the result, by share of students that passed the required level at the national standardized 

test in Swedish grade 3 during the academic years 2014/2015-2018/2019 (schools that started to receive treatment 

2016 are excluded in the analysis). All regressions control for school and time fixed effects. Statistically significant 

results are marked with stars as follows: *** p<0.01, ** p<0.05, *p<0.1 Robust standard errors in brackets 

clustered on school level.   
 

To summarize, the main results in this paper suggest that, in contrast to several previous 

findings in the literature, there is a small positive effect of 1:1 programs. Most of the studies 

presented in Section 2.2 have found no significant short-term impact on student’s academic 

performances (e.g. Hull and Duch 2018; Hall et al. 2021). Nevertheless, even though I apply a 

similar difference-in-difference approach as the previous mentioned authors, their studies differ 

in several ways in contrast to mine. The data used, the years studied, the age of the students, as 

well as the outcomes variables measuring the students’ academic performances are some of the 

differences.  
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6.2 Does the effect of 1: program vary depending on which subtest we investigate? 

The results from the experiments in the Netherlands indicate that digital learning tools are 

effective for exercises that are easy to automate, e.g., addition and multiplication in 

mathematics and spelling in languages (Haelermans, 2017). Consequently, as an extension in 

this study, it is interesting to investigate if the effect of 1:1 investments differs depending on 

which subtest we are looking at. Based on the results from the experiments in the Netherlands 

(Haelermans 2017) and Mo et al. (2013), I hypothesize that I will find positive effects in the 

subtests of calculations (addition) and spelling/punctuation. On the other hand, it is also 

interesting to investigate subtests that I do not know whether they would be affected by one-to-

one computing programs, such as speak (verbal task). The rest of the results from the other 

investigated subtests can be found in appendix B, showing a small positive significant effect of 

1:1 programs on the subtest speak (verbal task) and mental arithmetic, but no significant effect 

on the subtest read (factual text). 

 The results in Table 9 indicate a sizable positive effect of 1:1 investments on the 

subtest write (narrative text). The results are statistically significant at one percent level when 

estimating specification (1). The point estimates seem robust to adding controls, even though 

the significance level shrinks to a five percent level. In contrast to Table 8 presenting the 

average results in Swedish, the effect is larger for this specific subtest. However, it might not 

be surprising given that ICT seems to be used to a more considerable extent in tasks related to 

writing, according to Table 2 in section 2.1. Table 10 displays the effect on the subtest spelling 

and punctuation, where my results are in line with my hypothesis of founding a found a positive 

effect. However, in contrast to Table 9, the size of the effect is smaller but still seems to be 

driving the results of an overall positive impact of 1:1 program in Swedish. Table 11 displays 

the subtest calculations (addition) for mathematics. In contrast to what I hypothesized, there 

seems to be a negative effect of 1:1 investments on calculations (addition). Nonetheless, since 

the results are statistically insignificant, we cannot draw any conclusion from the estimation, 

but the sign is still interesting since it shows the opposite of what I expected. Lastly, Table 12 

shows the effect on subtest patterns/fractions/mathematical similarities, indicating that 

implementing a program caused the share of students who passed the required level on the test 

to increase by approximately 3,5 percentage points. Nevertheless, the results should be 

interpreted cautiously since the results are only statistically significant at ten percent level.  
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Table 9.  The effect of 1:1 programs on subtest write (narrative text) 

    
VARIABLES (1) (2) (3) 
    
1:1 program 6.104*** 5.669** 5.774** 
 [2.094] [2.430] [2.411] 
Students per school  -0.049 -0.060 
  [0.040] [0.044] 
Female students (%), grades 1-9  0.029 0.076 
  [0.204] [0.197] 
Foreign background (%), grades 1-9  -0.072 -0.101 
  [0.158] [0.154] 
Parents with higher education (%), grades 1-9  -0.033 -0.024 
  [0.170] [0.173] 
Teachers per subject(full-time)   0.102 
   [0.221] 
Teachers legitimated(full-time) %   -0.077 
   [0.072] 
Teachers per subject   0.053 
   [0.182] 
Teachers with college degree (%)   0.131 
   [0.089] 
    
Observations 469 469 469 
R-squared 0.042 0.045 0.055 
Number of schools 114 114 114 
School and Time FE Yes Yes Yes 

 
 
Table 10. The effect of 1:1 programs on subtest spelling and punctuation. 

    
VARIABLES (1) (2) (3) 
    
1:1 program 4.912* 4.647* 4.795* 
 [2.596] [2.706] [2.690] 
Students per school  -0.058 -0.051 
  [0.043] [0.047] 
Female students (%), grades 1-9  -0.101 -0.094 
  [0.216] [0.205] 
Foreign background (%), grades 1-9  -0.255 -0.251 
  [0.194] [0.205] 
Parents with higher education (%), grades 1-9  0.008 0.029 
  [0.185] [0.187] 
Teachers per subject (full-time)   -0.261 
   [0.229] 
Teachers legitimated (full-time) %   -0.049 
   [0.070] 
Teachers per subject   0.177 
   [0.171] 
Teachers with college degree (%)   0.047 
   [0.089] 
    
Observations 466 466 466 
R-squared 0.034 0.044 0.048 
Number of schools 113 113 113 
School and Time FE Yes Yes Yes 
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Table 11. The effect of 1:1 programs on subtest calculations (additions) 
    
VARIABLES (1) (2) (3) 
    
1:1 program -4.062 -4.323 -4.138 
 [3.034] [2.992] [3.052] 
Students per school  0.015 0.020 
  [0.073] [0.073] 
Female students (%), grades 1-9  -0.489 -0.449 
  [0.346] [0.353] 
Foreign background (%), grades 1-9  -0.032 -0.072 
  [0.263] [0.277] 
Parents with higher education (%) ,grades 1-9  0.280 0.307 
  [0.295] [0.296] 
Teachers per subject (full-time)   -0.325 
   [0.381] 
Teachers legitimated (full-time) %   -0.219* 
   [0.124] 
Teachers per subject   0.138 
   [0.323] 
Teachers with college degree (%)   0.190 
   [0.141] 
    
Observations 438 438 438 
R-squared 0.237 0.244 0.254 
Number of schools 121 121 121 
School and Time FE Yes Yes Yes 

 
Table 12. The effect of 1:1 programs on subtest patterns/fractions/mathematical similarities  

    
VARIABLES (1) (2) (3) 
    
1:1 program 3.606* 3.274* 3.538* 
 [1.951] [1.967] [1.974] 
Students per school  0.073* 0.090** 
  [0.041] [0.042] 
Female students (%), grades 1-9  -0.265 -0.247 
  [0.196] [0.196] 
Foreign background (%),grades 1-9  -0.187 -0.199 
  [0.165] [0.167] 
Parents with higher education (%),grades 1-9  0.021 0.029 
  [0.137] [0.141] 
Teachers per subject(full-time)   -0.043 
   [0.221] 
Teachers legitimated (full-time)%   -0.061 
   [0.069] 
Teachers per subject   -0.120 
   [0.210] 
Teachers with college degree (%)   0.025 
   [0.073] 
Observations 547 547 547 
R-squared 0.148 0.159 0.164 
Number of schools 125 125 125 
School and Time FE Yes Yes Yes 

Note: Table 9,10,11,12 displays the results of the difference-in-difference estimation of 1:1 programs on the 
subtest write narrative text (Table 9), spelling and punctuation (Table 10), calculations (Table 11) and 
patterns/fractions/mathematical similarities (Table 12) respectively, during the academic years 2014/2015-
2018/2019. Schools that started to receive treatment 2016 are excluded in the analysis. All regressions control 
for school and time fixed effects. Statistically significant results are marked with stars as follows: *** p<0.01, ** 
p<0.05, *p<0.1 Robust standard errors in brackets clustered on school level 



 31  
 
 

6.3 Does the effect depend on the type of technology used?  
The descriptive statistics in Table 5 indicate that laptops are to a much larger extent more 

common than tablets. The school’s choice to distribute a laptop or a tablet to their students 

might affect the ICT effect on teaching at the school. The combined results from the 

experiments on ICT in the Netherlands indicates that students take various advantage when 

using digital tools, conditional on the age and the domains that the devices are used in 

(Haelermans, 2017). Computer and tablets have different advantages, where tablets are more 

effortless to carry around and hence might be used more frequently by the students. On the 

other hand, computers can usually handle more complex software and are likely a better tool 

for writing since they have built-in-keyboards (Hall et al, 2019). The benefits of using tablets 

in mathematics teaching are that students can use apps and get feedback directly, get started 

faster and solve more tasks than using paper and pencil (Zahng et al. 2015; Majgaard et al, 

2013). To investigate if the of 1:1 programs differs depending on the type of technology used, 

I use the same preferred model specification (equation 1) but with separate treatment variables 

for laptop and tablet adoptions. Table 13 shows results from my preferred model specification 

(3), indicate that the type of technology used might be important for how the students’ academic 

performances are affected. The results are tough inconsistent, showing a larger positive effect 

for 1:1 laptop programs when measuring the students’ results test in Swedish than in 

mathematics, and the reverse for 1:1 tablet programs. Furthermore, the results are statistically 

insignificant and hence we cannot draw any conclusion from the estimation. The results also 

show reverse signs in contrast to the findings in Hall et al (2019), which displayed a significant 

negative estimate for the impact of tablet programs on students’ test results in Swedish. 
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Table 13. The effect of 1:1 laptops versus tablet programs  

 (1) (2) (3) (4) 
VARIABLES Laptop 

Swedish 
Laptop  
math 

Tablet 
Swedish  

Tablet 
math  

     
1:1 program 2.558 1.817 1.823 3.305 
 [1.727] [1. 509] [1.605] [2.857] 
     
Observations 459 529 459 529 
Number of schools 113 124 113 124 
R-squared 0.055 0.071 0,047 0.073 
School and Time FE Yes Yes Yes Yes 

Note: The table displays the results of the difference-in-difference estimation of 1:1 laptop and tablet programs on 

average results in Swedish and mathematics respectively. All regressions control for school and time fixed effects 

and also controls for all covariates presented in previous tables using my main specification (3). Statistically 

significant results are marked with stars as follows: *** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in 

brackets clustered on school level.   

 

6.4 Are students with dissimilar background affected differently by the programs?  
If 1:1 investments lead to a reduction in educational and social inequality or not is still an 

ongoing debate. The previous discussion shows that low socioeconomic status students (LSES) 

and high socioeconomic status students (HSES) might take different advantages or 

disadvantages of the technology and the programs. To investigate if students with dissimilar 

socioeconomic backgrounds are affected differently by the programs and hence if there are 

heterogenous treatment effects, I use the variable share of students with parents having higher 

education as a measure of socioeconomic background.25 Consequently, I create an interaction 

term between the 1:1 program indicator (Dst) and an indicator for the share of students having 

parents with high education levels. I estimate the following model: 

 

Yst = 𝛼 + β1Dst + β2Dst*Education + 𝛾Xst + 𝜃s+ 𝜆t+ 𝜀st                            (5) 

Consequently, equation (5) is an extension from equation (2) by including an interaction term 

(Dst*Education) between the 1:1 program indicator and an indicator for the share of students 

having parents with high education levels. The model contains both the interaction term and 

the direct effect of 1:1 programs and parents education level. The results in Table 14 suggest 

that if the share of students with highly educated parents increases by approximately one 

percent, the effect of 1:1 programs gets about 0.2 percentage points lower for Swedish and 0.1 

percentage points lower for mathematics. The interaction term is statistically significant at a 

 
25 With higher education I refer to the share of students’ having parents with post-secondary education. The 
variable is measured in shares (percent) and hence can take a value between 0 and 100.  
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five percent level for Swedish and a ten percent level for mathematics. To summarize, the 

results suggest that having parents with higher education have a slightly negative effect on 

educational outcomes by the socio-economic aspect.  

 

Table 14. The effect of 1:1 programs by parents with higher education  

 (1) (2) 
VARIABLES Swedish Math 
   
1:1 program 15.029** 7.939** 
 [6.709] [3.789] 
1:1 program high educated parents -0.185** -0.101* 
 [0.086] [0.052] 
Parents with higher education (%), grades 1-9 0.068 0.182 
 [0.098] [0.122] 
   
Observations 459 529 
R-squared 0.086 0.082 
Number of schools 113 124 
School and Time FE Yes Yes 

Note: The 1:1 program outcomes consist of an interaction term between the 1:1 indicator and an indicator for the 

share of students’ having parents with post-secondary education. The variable average result for each subject is 

used as outcome.  All regressions control for school and time fixed effects and also controls for all covariates 

presented in previous tables using my main specification (3). Statistically significant results are marked with stars 

as follows: *** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in brackets clustered on school level.   

 

7.0 Sensitivity analysis  
The following section presents methods to test and strengthen my identifying assumptions by 

performing several placebo tests and robustness checks. 

 

7.1 Parallel trends    
For the difference-in-difference to be a valid strategy and hence in order to trust my results, I 

need to investigate if the parallel trend assumption holds. Hence, we would be allowed to 

observe the same trends in students’ educational outcomes for both the treatment and control 

group over time if treatment (implementation of a 1:1 program) had never occurred. To 

investigate this, I have included data for three time periods before treatment of the first schools 

occurred. I could include even more pre-treatment periods, but due to the fact that many schools 

have undergone organizational changes during the past decades, it makes it more challenging 

to investigate earlier pre-treatment periods and make fair comparisons over a long time period.26  

 
26 With organizational changes I refer to e.g. the merger of two schools into one school or a change in the grades 
that are included in the schools, which changes the school unit code.  



 34  
 
 

In the parallel trend plots in Figure 1 and 2, the treatment group consists of all the 

schools that have adopted a 1:1 program during the time period of my study and the control 

group consist of all the schools that have yet not adopted a 1:1 program.  The visual inspection 

of Figure 1(a) indicates no strong signs that the parallel trend assumption is violated, since the 

treated and untreated schools have relatively similar pre-trends. However, it is clear that the 

first pre-treatment year 2012/2013 deviates from the trend of the two groups. The reason behind 

this could potentially be the larger amount of missing values for the treatment group for this 

specific year. Thus, it might be some schools that are driving the high average results for this 

group.  

 Figure 2(a) shows that the trends are somewhat less parallel in contrast to Figure 

1(a), but still seems to look relatively convincing. Although, to investigate the parallel trend 

assumption further, I also perform plots with two of the subtests as outcomes in Figure 1 (b) 

and Figure 2 (b). The visual inspection show that the treatment and untreated schools seems to 

have even more similar trends before treatment of the first schools occurred relatively to the 

previous figures. Hence, it is important to address the concern that the way I have constructed 

the variable ‘average result’ might not be ideal.27 However, it could also be the case that there 

is a specific subtest in the different subjects that drives the trends. Similar to Figure 1(a) and 

Figure 2(a), the year 2012/2013 stands out in the figures by having high values for the treatment 

group, which I have found no further explanation behind except for the previous one mentioned. 

Hence, it could also be the case that the groups have different trends for this year, which is a 

concern for the parallel trend assumption. Nevertheless, the closer in time I get to the time of 

the treatment, the more it is important that the two groups seem to have parallel trends. Overall, 

except for the year 2012/2013, the parallel trend plots visually seem to hold for the outcomes 

plotted. However, I will investigate this further in a placebo test in section 7.2.  

 

 

 

 

 

 

 
27 The variable only includes information for schools that has data of every subtest each year. Schools that only 
have data on some subtests and have missing values for other subtests the same year are excluded to get as fair 
and consistent measurement as possible. However, this might affect the results if the excluded variables are not 
randomized or driven by specific schools. I will discuss this further in section 8.  
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Figure 1: Parallel trend plots – Swedish 
(a) 

 
Note: Figure 2 display parallel trends plots on the average results on the national standardized test in Swedish (a) 

and the average results on the national standardized subtest ‘read narrative text’ in Swedish (b). The red line 

indicates the first treatment period which starts the academic year 2015/2016. The black line in the graph represents 

treated schools and the green dotted line represents untreated schools.  

 

Figure 2: Parallel trend plots – mathematics  

(a)  

 
Note: Figure 2 display parallel trends plots on the average results on the national standardized test in mathematics 

(a) and the average results on the national standardized subtest ‘verbal communication’ in mathematics (b). The 

red line indicates the first treatment period which starts the academic year 2015/2016. The black line in the graph 

represents treated schools and the green dotted line represents untreated schools.  

 

7.2 Robustness of results    
To further test and investigate if the parallel trend assumption holds and that there was no effect 

of 1:1 programs before the introduction, I perform several placebo tests to validate if my results 

are robust towards a change in the time of treatment. In the placebo tests, I should find no effect 

of 1:1 programs on the students’ academic outcomes during the years the programs were not 

 

(b) 

 

(b) 
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introduced. Hence, when I apply the placebo treatments, there should be no statistically 

significant effect on the outcome variable.  

 I prefer the placebo to occur close to the actual treatment in time. The closer in 

time to the real treatment we gets and still do not observe an effect, the more reassuring I can 

assert that any observed effect of treatment is due to implementing a 1:1 program and not some 

exogenous source. Consequently, the placebo tests are performed by using my baseline 

estimation equation (2), but the treatment (implementation of a 1:1 program) is coded as 

occurring one and two before the “real” treatment occurred in a school. I exclude observation 

after the actual adoption of the program in the analysis to ensure that the eventual placebo 

estimates do not pick up effects of the actual 1:1 program.  

  

Table 15. Placebo estimates for average result in Swedish, lagged -1 year and -2 years  

 (1) (2) 
VARIABLES -1 year -2 years 
   
1:1 program  2.062 3.625 
 [1.316] [2.701] 
Students per school -0.021 -0.009 
 [0.036] [0.045] 
Female students (%), grades 1-9 -0.235* -0.343 
 [0.129] [0.210] 
Foreign background (%), grades 1-9 -0.016 0.211 
 [0.152] [0.205] 
Parents with higher education (%), grades 1-9 0.017 0.118 
 [0.109] [0.144] 
Teachers per subject(full-time) -0.164 -0.406 
 [0.173] [0.281] 
Teachers legitimated(full-time) % -0.037 -0.051 
 [0.045] [0.053] 
Teachers per subject -0.040 0.121 
 [0.154] [0.227] 
Teachers with college degree (%) -0.013 0.038 
 [0.043] [0.067] 
   
Observations 326 245 
R-squared 0.076 0.096 
Number of schools 104 105 
School and Time FE Yes Yes 

Note: The table presents the same estimates as in Table 8 (specification 3) but for a lagged 1:1 program variable, 

where the 1:1 program is (artificially) introduced at time t-1 for a one-year lag and at t-2 for a two-year lag. 

Statistically significant results are marked with stars as follows: *** p<0.01, ** p<0.05, * p<0.1 Robust standard 

errors in brackets clustered on school level.   
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The results in Table 15 show the results from the placebo tests on average result in Swedish. 

The estimate is relatively small with large standard deviations. There seems to be no significant 

effect on 1:1 programs when applying the artificial (placebo) treatment which is reassuring. 

The same table for mathematics can be found in Appendix C, where no significant effect on 1:1 

programs was found as well.  
 

7.3 Placebo test on control variables  
The controls included in the empirical analysis are teachers’ and students’ background 

characteristics on school level. The reason for including them is to isolate the causal effect of 

1:1 programs on students’ academic outcomes, and hence they are held constant in the 

estimations. The goal is to have conditional mean independence. In other words, conditional on 

the control variables, the implementation of 1:1 programs becomes as if randomly assigned to 

the schools.  

 As previously highlighted, the resources being used to finance 1:1 investments 

could be used to e.g. hiring more teachers. Consequently, even though the point estimates stay 

relatively similar in specification (2) and (3) and hence seems robust to adding controls, it is of 

interest to investigate whether the teacher’s background characteristics change when schools 

adopt a 1:1 program. If so, it might be the case that treatment covaries with the teacher 

composition, e.g. if more or less teacher becomes hired at schools as a reaction to the treatment. 

Furthermore, it could be the case if the adoption of 1:1 happens because of the existence of 

certain trends in the teacher background characteristics of the school. To examine if the teacher 

background characteristics covary with the adoption of 1:1 programs, I will estimate the effect 

of treatment by using the control variables for teachers as the outcomes instead. I also control 

for the number of students per school since this would probably have an impact on the number 

of teachers. If the results of the treatment show a significant effect on the control variables, it 

would indicate that any effect in the previous results could rise from changes in the teacher 

composition that covary with treatment. On the other hand, if the adoption of a 1:1 program 

does not have a significant effect on the control variables, this would imply that the treatment 

and control group experience the same trends in teacher characteristics. The results in table 17 

indicates that the implementation of a 1:1 program does not seem to have a significant effect 

on the control variables for teachers’ background characteristics or the number of students. 

Hence, teachers background characteristics does not seem to covary with the treatment.  
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Table 16. Placebo test on control variables  
 (1) (2) (3) (4) (5) 
VARIABLES Number of 

teachers 
 per subject 

Share of  
teachers 

legitimated 

Number of 
teachers 

per subject  
 

Share of 
teachers with 

college 
degree  

 

Number of 
students per 

school 
 

      
1:1 program 0.194 1.988 0.009 -0.911 -3.396 
 [0.338] [1.723] [0.386] [1.668] [2.282] 
      
Observations 475 475 475 475 475 
R-squared 0.753 0.461 0.753 0.375 0.121 
Number of schools 115 115 115 115 115 
School and Time FE Yes Yes Yes Yes Yes 

Note: The table displays a placebo test of the effect of 1:1 programs on the teachers’ control variables. The 

estimation results use the same model as in Table 8 specification (3), but excluding the outcome variable in each 

specification as control due to perfect multicollinearity. All regressions control for school and time fixed effects. 

Statistically significant results are marked with stars as follows: *** p<0.01, ** p<0.05, *p<0.1 Robust standard 

errors in brackets clustered on school level.   

 
8.0 Discussion  
Since the beginning of the 21st century, the one-to-one computer program has increased 

worldwide. The overall goal of these investments is to enhance the learning and students’ 

academic performance (Isalm and Grönlund, 2016). Nevertheless, previous studies have 

addressed limited knowledge about the causal effects of 1:1 programs on students’ education 

outcomes (Hall et al, 2019). This study aimed to examine how the implementation of 1:1 

programs affects pupils’ average academic performance in primary school (grade 3) in Sweden, 

where the standardized test in mathematics and Swedish was used as an outcome for academic 

performance. A panel dataset on school level between 2014/2015-2018/2019 was conducted by 

combining data from two sources and apply a difference-in-difference approach with time and 

school fixed effects. 

The main findings in this paper indicate that 1:1 initiatives have a small positive 

effect on the students’ education outcomes for both Swedish and mathematics on average. 28  

These positive findings are not in line with most of the previous literature investigating the 

effect of 1:1 programs who has found no significant short-term impact in mathematics and 

language (Hall et al. 2021, Christia et al. 2012; Yanguas 2020). However, a positive effect on 

 
28 Measured as the share of students who passed the required level in different subtests on the national 
standardized tests in Swedish and mathematics. 
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math scores in the medium term has been found by e.g. Hull and Dush (2018) and Mo et al 

(2013). Worth mentioning is also that papers only investigate the effects of ICT investments on 

students’ education outcomes have found mixed results, e.g. positive impacts (see e.g. Banerjee 

et al. 2007).  

When extending the analysis by estimating if the effect varies depending on the 

subtest investigated, I found that adopting a 1:1 program increase the share of students that 

passed the subtest ‘writing’ by approximately six percentage point. The results were statistically 

significant at one (specification 1) and five percent (specification 2 and 3). A positive result, 

weakly statistically significant, was also found for the subtest ‘spelling and punctuation’, which 

was in line with my hypothesis of founding a found a positive effect. In contrast to what I 

hypothesized based on previous results from the experiments in the Netherlands (Haelermans, 

2017), there seems to be a negative effect of 1:1 programs on calculations, approximately four 

percentage points. However, since these results are statistically insignificant, we cannot draw 

any conclusions from the latter estimation. However, the sign is still intriguing since it shows 

the opposite of what I expected. 

By estimating if the effect differs depending on 1:1 laptops versus tablet 

programs, I found that the technology used might influence how the students’ academic 

performances are affected. Even though the results are statistically insignificant, the signs are 

interesting to discuss. The results are inconsistent, but given that laptops and tablets have 

different advantages, it might not surprise that computers seem to have a larger effect in 

Swedish due to build-in-keyboards and that tablets have a more considerable impact in 

mathematics where apps are can be used and seems to be beneficial.   

There is still an ongoing debate whether 1:1 investments reduce inequality in 

education outcomes. When investigating if students with dissimilar backgrounds are affected 

differently by the programs, the results show that having parents with higher education seems 

to negatively affect students’ education outcomes by the socio-economic aspect, even though 

the effect is small. This result differs from Hall et al (2021), who found that the performance 

gap in mathematics between HSES and LSES background increase to some extent. 

Nevertheless, the effect is very small and only significant at five percent for Swedish and ten 

percent for mathematics. Hence, it should be interpreted with caution.  

The theoretical part in section (3) gives a framework of how schools determine 

the range of ICT investments (for instance 1:1 programs) relative to other uses of resources and 

teaching methods and within the limitations of the budget and available instructional time. 

Nevertheless, since I cannot investigate e.g. time allocated to different teaching methods and 
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instructional time, as well as how and to what extent the students use the computers or laptops, 

it is difficult to back any hypothesis solely on the theoretical foundation. However, the 

framework gives a better understanding of the schools’ decision to invest in 1:1 programs and 

the potential positive or negative educational outcome depending on how teachers’ instruction 

time is distributed and how the students apply the technical tools. 

The lack of data makes this paper limited in several ways. To begin with, the data 

on teachers’ background characteristics are only available for the period 2014/2015-2018/2019 

and hence I cannot include data for the academic years 2012/2013 and 2013/2014. Since the 

latter years are excluded from the regression analysis, I might lose some precision, and hence 

it would have been beneficial if I would have been able to include these years. Nevertheless, 

when I test to perform the regressions by including the academic years 2012/2013 and 

2013/2014, the point estimates for specification (3) changes distinctly in magnitude. However, 

this is not surprising. Since the observation in specification (3) shrinks clearly, the change in 

the point estimates seems to be driven by the fact that I estimate the effect for different samples 

of the schools in the various specifications.  

Another limitation in the data is that there is no combined assessment in Swedish 

and mathematics. To solve this and get a perception of how many students that reached the 

subjects’ knowledge requirements on average, I create a variable called average result. 

However, important to mention is that this self-created variable might not perfectly reflect the 

outcome if it was an actual variable and measure. The created variable also has some missing 

values since I only include values for schools with all the subtests measured. This could have 

been solved by imputing the missing values. There is also some missing data for the variables 

measuring the share of students with foreign background. However, since these are considered 

to be missing at random, they should not cause bias in the estimates. Lastly, since there is a lack 

of data regarding the share of students that did not participate in the exam, essential to address 

is the possibility that the effect could have been different if these students are not missing by 

random. Hence, if there is e.g. a particular group of students not participating in the subtest, 

that might affect the results since the share of students that passed the requirements might have 

been higher or lower.  

Furthermore, I only have data on students’ characteristics that refers to a whole 

school (grades 1-9) and not specifically to pupils in grade 3. There is no reason to believe that 

these variables should not serve as a good proxy for the students’ background characteristics in 

grades 1-3, but it is important to address that this might not reflect the students’ characteristics 
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in grade 3 exactly. To conclude, the results should be interpreted with some caution due to 

limitations in the data.    

 Lastly, the data is limited to not following student cohorts over time or estimating 

if the effect depends on how many semesters the programs have been implemented. Hence, a 

suggestion for future research is to investigate how 1:1 programs affect educational outcomes 

for pupils in primary school in the long run and if data is available, to also include how the 

programs are applicated by teachers and how the instruction time is divided. 

The trust that can be invoked in my results relies on the assumptions described in 

section 5.2 and for the results to be robust towards a change in the treatment time investigated 

in 7.2. The visual inspection of the parallel trend plots in section 7.1 shows no strong signs that 

the parallel trend assumption is violated. However, the plots raised concerns since the first pre-

treatment year 2012/2013 deviated from the trend. Furthermore, the plots do not consider that 

schools start treatment in different times, since that is difficult to visualize graphically.  

Therefore, an alternative would have been to perform an event study analysis and normalize 

the time of treatment to one.  

Nevertheless, even though the point estimates are positive when estimating 

performing the placebo tests in section 7.2, the results seems to be robust towards a change in 

the time of treatment due to the insignificant results, which is reassuring. Furthermore, teachers’ 

background characteristics do not seem to covary with the treatment.   
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9.0. Conclusion  
This study concludes that 1:1 initiatives have a small positive effect on the students’ academic 

performances on average, measured as the share of students who passed the required level in 

different subtests on the national standardized tests in Swedish and mathematics. The effect 

varies depending on the subtests investigated, where highly significant results indicate that a 

1:1 program increase the share of that passed the subtest writing by approximately six 

percentage point. However, in contrast to what I hypothesized due to founding in previous 

studies, there seems to be a negative effect of 1:1 programs on calculations. Still, no conclusion 

can be drawn from the latter estimation due to statistically insignificant results. There are signs 

indicating that the technology used might influence how the students’ academic performances 

are affected. Furthermore, having parents with higher education seems to negatively affect 

students’ education outcomes by the socio-economic aspect, even though the effect is small.   

The results seem robust towards a change in the time of treatment and teachers background 

characteristics does not seem to covary with the treatment. Nevertheless, the results should be 

interpreted with some caution due to limitations in the data.    
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Appendix A 
Table A1:  Descriptive statistics illustrating the different subtests in mathematics. 

 Variable  Mean  Std. Dev.  Min  Max 
Speak: Verbal communication* 93.609 8.209 40 100 
Position system 90.171 11.857 33.3 100 
Calculation method 91.115 10.059 35.1 100 
Volume, mass, symmetry 88.617 12.003 35.1 100 
Easy problems  87.011 12.432 43.1 100 
Calculations (addition)* 84.603 14.319 32.2 100 
Calculations (subtraction) 82.008 14.567 27.1 100 
Patterns, fractions, similarities* 89.757 10.81 32.3 100 
Mental arithmetic* 90.492 9.264 35.1 100 
Measurement 85.127 15.062 26.3 100 
Geometry 90.565 11.353 28.3 100 
Average result* 89.556 8.49 43.229 100 

Note: Descriptive statistics illustrate the share of students who passed the required level in the different subtests 

on the national standardized test in mathematics.  

*These variables are included as outcome in the regression analysis.  
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Appendix B 

Table B1.  The effect of 1:1 programs on subtest speak (verbal task) 
    
VARIABLES (1) (2) (3) 
    
1:1 program 2.243** 2.228** 2.223** 
 [0.866] [0.867] [0.861] 
Students per school  -0.012 -0.014 
  [0.023] [0.025] 
Female students(%),grades 1-9  -0.155** -0.146** 
  [0.073] [0.073] 
Foreign background(%),grades 1-9  0.164** 0.170** 
  [0.076] [0.073] 
Parents with higher education(%), grades 1-9  0.029 0.035 
  [0.061] [0.061] 
Teachers per subject(full-time)   -0.047 
   [0.127] 
Teachers legitimated(full-time)%   -0.000 
   [0.026] 
Teachers per subject   0.060 
   [0.094] 
Teachers with college degree(%)   0.031 
   [0.034] 
    
Observations 472 472 472 
R-squared 0.080 0.107 0.111 
Number of schools  114 114 114 
School and Time FE Yes Yes Yes 

Note: The table displays the results of the difference-in-difference estimation of 1:1 programs on the subtest 
speak: verbal task during the academic years 2014/2015-2018/2019 (schools that started to receive treatment 
2016 are excluded in the analysis). All regressions control for school and time fixed effects. Statistically 
significant results are marked with stars as follows: *** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in 
brackets clustered on school level.   
 
 
Table B2.  The effect of 1:1 programs on subtest read (factual text) 

    
VARIABLES (1) (2) (3) 
    
1:1 program 2.351 2.010 2.242 
 [2.100] [2.015] [2.000] 
Students per school  -0.093* -0.061 
  [0.053] [0.054] 
Female students(%),grades 1-9  -0.167 -0.141 
  [0.180] [0.177] 
Foreign background(%),grades 1-9  -0.006 0.007 
  [0.143] [0.137] 
Parents with higher education(%), grades 1-9  0.030 0.046 
  [0.128] [0.127] 
Teachers per subject(full-time)   -0.133 
   [0.209] 
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Teachers legitimated(full-time)%   -0.024 
   [0.056] 
Teachers per subject   -0.133 
   [0.162] 
Teachers with college degree(%)   0.037 
   [0.058] 
    
Observations 465 465 465 
R-squared 0.128 0.145 0.159 
Number of schools 113 113 113 
School and Time FE Yes Yes Yes 

Note: The table displays the results of the difference-in-difference estimation of 1:1 programs on the subtest read 
(factual text) during the academic years 2014/2015-2018/2019 (schools that started to receive treatment 2016 are 
excluded in the analysis). All regressions control for school and time fixed effects. Statistically significant results 
are marked with stars as follows: *** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in brackets clustered on 
school level.   
 
 
Table B3. The effect of 1:1 programs on mental arithmetic 
 

    
VARIABLES (1) (2) (3) 
    
1:1 program 3.751** 3.634* 3.910** 
 [1.788] [1.854] [1.801] 
Students per school  -0.017 0.002 
  [0.035] [0.036] 
Female students(%), grades 1-9  -0.165 -0.161 
  [0.180] [0.183] 
Foreign background(%),grades 1-9  -0.108 -0.088 
  [0.184] [0.190] 
Parents with higher education(%),grades 1-9  0.211 0.225 
  [0.153] [0.157] 
Teachers per subject(full-time)   -0.177 
   [0.201] 
Teachers legitimated(full-time)%   -0.005 
   [0.100] 
Teachers per subject   -0.036 
   [0.171] 
Teachers with college degree(%)   -0.015 
   [0.067] 
    
Observations 548 548 548 
R-squared 0.023 0.033 0.039 
Number of schools 125 125 125 
School and Time FE Yes Yes Yes 

Note: The table displays the results of the difference-in-difference estimation of 1:1 programs on the subtest 
metal arithmetic during the academic years 2014/2015-2018/2019 (schools that started to receive treatment 2016 
are excluded in the analysis). All regressions control for school and time fixed effects. Statistically significant 
results are marked with stars as follows: *** p<0.01, ** p<0.05, * p<0.1 Robust standard errors in brackets 
clustered on school level.   
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Appendix C 

 

Table C1. Placebo estimates on average result in mathematics, lagged -1 year and -2 years 

 (3) (3) 
VARIABLES 3 3 
   
1:1 program  -1.535 1.421 
 [2.975] [1.667] 
Students per school 0.063 0.136** 
 [0.041] [0.054] 
Female students(%), grades 1-9 -0.207 -0.598** 
 [0.159] [0.272] 
Foreign background(%),grades 1-9 -0.088 -0.023 
 [0.121] [0.174] 
Parents with higher education(%),grades 1-9 0.213* 0.128 
 [0.119] [0.150] 
Teachers per subject(full-time) 0.291 -0.112 
 [0.273] [0.435] 
Teachers legitimated(full-time)% -0.095 -0.076 
 [0.071] [0.074] 
Teachers per subject -0.479** -0.396 
 [0.222] [0.327] 
Teachers with college degree(%) 0.027 -0.021 
 [0.078] [0.103] 
   
Observations 367 279 
R-squared 0.066 0.122 
Number of schools 116 117 
School and Time FE Yes Yes 

Note: The table presents the same estimates as in Table 8 (specification 3) but for a lagged 1:1 program variable, 

where the 1:1 program is (artificially) introduced at time t-1 for a one-year lag and at t-2 for a two-year lag. 

Statistically significant results are marked with stars as follows: *** p<0.01, ** p<0.05, * p<0.1 Robust standard 

errors in brackets clustered on school level.   

 

 

 

 
 


