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A recent OECD study has raised the question of which evidence we have for the benefit of using 

digital technology in mathematics education. To investigate this, we focus on experimental and 

quantitative studies, and revisit the main recent review studies in this domain. The results show 

significant positive effects of the use of digital technology on student achievement but only small 

effect sizes. As a conclusion, a plea is made for replication studies and for studies that identify 

decisive factors through the combination of a methodologically rigorous design and a theoretical 

foundation in domain-specific theories from mathematics didactics. 

INTRODUCTION 

“Computers ‘do not improve’ pupil results, says OECD” was the header of a September 2015 BBC 

news item
1
. A Dutch news site

2
 provided even stronger a claim: “Poorer school performance 

through increased computer use.” Both items were based on the publication of a report on student 

achievement and the use of computers (OECD, 2015). Indeed, the results of this study show 

negative correlations between mathematics performance and computer use in mathematics lessons 

and lead to conclude that there is little evidence for a positive effect on student achievement:  

Despite considerable investments in computers, internet connections and software for educational use, 

there is little solid evidence that greater computer use among students leads to better scores in 

mathematics and reading. (OECD, 2015, p. 145) 

However, correlations do not imply causality. For the case of mathematics education, NCTM 

claims that we cannot neglect digital tools: “Technology is an essential tool for learning 

mathematics in the 21
st
 century” (NCTM, 2008, p. 1). This quote reflects the optimism concerning 

the potential of digital technology for mathematics teaching and learning, including a possibly 

changing focus in mathematics curricula towards conceptual understanding and higher order 

thinking skills. This optimism is underpinned by research findings, such as the ones reported by 

Ronau et al. (2014):  

Over the last four decades, research has led to consistent findings that digital technologies such as 

calculators and computer software improve student understanding and do no harm to student 

computational skills. (Ronau et al., 2014, p. 974) 

These different claims and opinions challenge the research community to be clear about what is 

known about the effects of using digital technology in mathematics education on student 

performance. The important work done by OECD, with its non-experimental character, is not the 
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final word. Therefore, this contribution to TSG42, and to the theme “evidence for benefit” in 

particular, addresses this topic by investigating the results of empirical, quantitative studies on the 

use of digital technology in mathematics education from a reflective stance. 

First, we will revisit and synthesize the results of some important studies in the field, with a 

particular focus on recent review studies. Next, an example of an empirical study that was not 

successful will be described, as well as some possible causes of the lack of improvement in student 

performance. In the reflection section, the subtlety of using digital tools in mathematics education 

will be addressed and some methodological issues are discussed. In the conclusion, I make a plea 

for methodologically rigorous studies grounded in theories on the learning of mathematics. 

REVISTING RESEARCH  

A sketch of previous work before 2010 

The question of the benefits of integrating digital tools in mathematics education, of course, is not 

new and has been investigated before. Heid (1997) provides an overview of principles and issues of 

the integration of digital technology, and sketches the landscape of the different types of tools and 

their pedagogical potential. Burrill et al. (2002) report on 43 studies on the use of handheld 

graphing technology and conclude that these devices can be an important factor in helping students 

develop a better understanding of mathematical concepts; this conclusion, however, is not 

quantitatively underpinned. Ellington (2003, 2006) also focuses on graphing calculators. Her review 

of 54 studies shows an improvement of students’ operational skills and problem-solving skills when 

calculators are an integral part of testing and instruction, but with small effect sizes. Lagrange, 

Artigue, Laborde and Trouche (2003) developed a multi-dimensional framework to review a corpus 

of 662 research studies on the use of technology in mathematics education and to investigate the 

evolution of research in the field but did not explicitly address learning outcomes. Kulik (2003) 

does explicitly address learning outcomes and reports an average effect size of d = 0.38 in 16 

studies on the effectiveness of integrated learning systems in mathematics
3
. Two subsequent large-

scale experimental studies by Dynarski et al. (2007) and Campuzano, Dynarski, Agodini and Rall 

(2009), however, conclude that the effects of the use of digital tools in grade 9 algebra courses was 

not statistically different from zero. Specifically for the use of computer algebra systems, Tokbah 

(2008) finds significant positive effects with an average of d = 0.38 over 102 effect sizes. 

Altogether, these studies provide mixed findings on the effect of using digital tools in mathematics 

education and show different degrees of quantitative evidence. 

Three recent review studies 

Let us now focus on three more recent review studies that provide information on the effect of using 

digital technology in mathematics education through reporting effect sizes. The first one is the study 

by Li and Ma (2010). It reviews 46 studies on using computer technology on mathematics 

education in K-12 classrooms, reporting in total 85 effect sizes. The researchers found a statistically 

significant effect with a weighted average effect size of d = 0.28. The reported unweighted average 

effect size, d = 0.71, seems less appropriate as it doesn’t take into account the number of students 

involved. Additional findings were that higher effect sizes were found in primary education 
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compared to secondary, and in special education compared to general education. Also, effect sizes 

were bigger in studies that used a constructivist approach to teaching, and in studies that used non-

standardized tests.  

The second review study by Rakes, Valentine, McGatha, and Ronau (2010) focuses on algebra in 

particular. The authors used strict criteria to include studies, which led to 109 effect sizes. The 

interventions were categorized; here we only report on the categories Technology tools and 

Technology curricula. The average weighted effect sizes for these two categories were d = 0.151 

and d = 0.165, respectively. Over all categories, the authors concluded that interventions focusing 

on conceptual understanding provide about twice as high effect sizes as the interventions focusing 

on procedural understanding. Also, they noted that interventions over a small period of time may 

have significant effect, and that the grain size differences in interventions (whole-school study 

versus single-teacher interventions) did not make a significant difference. 

The third review study by Cheung and Slavin (2013) set consistent standards for studies to be 

included. The average of 74 effect sizes in K-12 mathematics studies was d = 0.16. The authors’ 

final conclusion refers to a modest difference: “Educational technology is making a modest 

difference in learning of mathematics. It is a help, but not a breakthrough.” (Cheung & Slavin, 

2013, p. 102). Some additional findings are worth mentioning. First, in spite of what might be 

expected due to the development of sophisticated tools, improvement of ICT infrastructure and 

growing pedagogical experience, the overall effectiveness of educational technology did not 

improve over time.  Second, like Li and Ma (2010), the authors found higher effect sizes in primary 

than in secondary education. Third, lower effect sizes were found in randomized experiments 

compared to quasi-experimental studies. Fourth and final, effect sizes in studies with a large 

number of students were smaller than in small-scale studies.  

 

Study 
Number of 

effect sizes 

Average effect 

size 

Global conclusion 

Li & Ma 2010 85 0.28 (weighted) 
Statistically significant 

positive effects. 

Rakes et al. 2010 109 0.151 – 0.165 
Positive, statistically 

significant results. 

Cheung & Slavin 2013 74 0.16 
A positive, though 

modest effect 

Table 1: Effect sizes reported in three review studies 

 

Table 1 summarizes the findings of the three review studies. The overall image is that the use of 

digital technology in mathematics education can have a significant positive effect, but with a small 

effect size. As such, these studies do not provide an overwhelming evidence for the effectiveness of 

the use of digital tools in mathematics education. Also, as will be shown in the next section, studies 

that report a lack of benefit continue to be published as well.  



Last names of the authors in the order as on the paper 

1 - 4  

AN EXAMPLE: THE CASE OF APPLETS FOR ALGEBRA 

To illustrate that providing evidence for the benefits of using digital tools is not straightforward, I 

refer to a study on the use of two online algebra modules in 8
th

 grade  (Drijvers, Doorman, 

Kirschner, Hoogveld, & Boon, 2014). The modules were designed in the Digital Math 

Environment, which proved to be successful in improving student achievement in algebra in grade 

12 (Bokhove & Drijvers, 2012). Also, teachers had reported success while implementing the online 

materials in lower grades. Figure 1 shows a task from one of the modules. 

 

 

Figure 1: Algebra task in the Digital Math Environment  

The study had an experimental design, in which each of the involved teachers taught to two classes 

in parallel, each randomly assigned to the experimental condition of using the online modules, or to 

the control condition of regular teaching. Figure 2 shows the results of the pretest, the intermediate 

test (Post_Linear), the posttest (Post_Quadractic) and the two retention tests, all administered with 

paper-and-pen. In spite of the earlier positive experiences with these types of modules, the results 

show that the experimental condition did not lead to students outperforming their peers in the 

control condition. The experimental group did not catch up the small initial (and coincidental) lag; 

indeed, this gap got significantly larger in the final retention test! 
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Figure 2: Average grades for control and experimental group (N = 842) 

 

As possible explanations for these findings, the authors mention a spill-over effect. All participating 

teachers taught one control and one experimental class, and they may have picked up pedagogical 

ideas from the online intervention and used these in the control classes as well. A second possible 

explanation is that the work on the online tasks was not an adequate preparation for more complex 

tasks. Third, the feedback provided in the digital environment might have lacked quality, and, 

finally, the integration of paper-and-pen skills and digital practice might not have been optimal, so 

that transfer to the “traditional media” was hindered. In short, in spite of a careful experimental 

design and an environment that had proven to be useful in other settings, the researchers did not 

find a positive effect. 

REFLECTING ON THE STATE OF THE ART 

If we reflect on the above finding, we first notice that the results from experimental and quantitative 

studies are more positive than the correlational findings from the OECD study. However, effect 

sizes are limited, all the more if we realize that any educational innovative intervention usually has 

a positive effect anyway (Higgins et al., 2012). Like for p-values
4
, the interpretation of effect sizes 

should be done with care. So the above review does not completely solve the issue and the picture is 

still diffuse. How to explain this? My feeling is that two factors play an important role here: the too 

general claims, that ignore the subtlety of using digital tools for learning, and the methodological 

weaknesses that some studies suffer from. Let me address the two in more detail. 

The too general claims that ignore the subtlety of using digital tools for learning 

Wouldn’t we all agree that research findings such as “The use of paper-and-pen has a positive effect 

on student achievement” would be too general? Then why do we try to find evidence for similar 

claims for the case of ICT? It makes sense to assume that digital technology is not a panacea, and 

that its effectiveness will depend upon particular implementations and situations. The following two 

quotes show that the effect of ICT in mathematics education is a subtle matter and will depend to an 

important extent on the specific technological application, the educational setting and the 

orchestration by the teacher. It is the “how” that counts! 
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Studies linking the provision and use of technology with attainment tend to find consistent but small 

positive associations with educational outcomes. However a causal link cannot be inferred from this kind 

of research. It seems probable that more effective schools and teachers are more likely to use digital 

technologies more effectively than other schools. We need to know more about where and how it is used 

to greatest effect, then investigate to see if this information can be used to help improve learning in other 

contexts. We do not know if it is the use of technology that is making the difference. (Higgins, Xiao & 

Katsipataki, 2012, p. 3) 

There have been several reviews of the benefits of ICT to student learning in mathematics that suggest 

positive effects from the use of digital technology. […] However, the type and extent of the gains are a 

function of how the technology is used in the teaching of mathematics. (Drijvers, Monaghan, Thomas, & 

Trouche, 2015, p. 15). 

If we agree that the learning of mathematics is a complex domain and that we need to know more 

about the factors that determine the contribution of digital tools to it, it is important that research is 

grounded in theoretical knowledge from domain-specific mathematics pedagogy and from man-

machine interaction. Theories on reification (Sfard, 1991) or on instrumental genesis, for example, 

may offer such a theoretical basis (e.g., see Drijvers, Kieran & Mariotti, 2010). Educational 

research on the use of digital tools for mathematics education that is not based upon domain-

specific didactical knowledge may miss opportunities to discover decisive factors.  

As an aside, we should note that didactical knowledge and practice may also change under the 

influence of digital technology. In fact, this is what OECD (2015, p. 3-4) mentions as a possible 

explanation for their surprising findings: “… we have not become good enough at the kind of 

pedagogies that make the most of technology. […] . Technology can amplify great teaching but 

great technology cannot replace poor teaching.” 

Methodological weaknesses 

An overview of the field shows some remarkable methodological characteristics. First, replication 

studies are hardly ever carried out. Why is this the case? If we would have replication studies, 

would we do better than such studies in the field of cognitive and social psychology
5
? 

Second, it is interesting to notice that smaller studies tend to report bigger effect sizes than bigger 

ones (Cheung & Slavin, 2013) and that the reported effect sizes do not seem to increase over time. 

This suggests that the effective small-scale studies may not be so easy to scale up. As far as the 

trend over time is concerned, the criteria for publication and for inclusion in review studies seem to 

be increasing. Maybe these higher methodological standards filter out some studies that report high 

effect sizes? 

From a methodological point, more rigor in research methods may improve the quality of our 

results. From this perspective, I agree with Ronau and colleagues, who in a recent study on the 

quality of 480 mathematics education technology dissertations make plea for a higher quality in 

both research reports and reviews:  

The mathematics education technology research community must in turn begin to demand greater quality 

in its published studies, through both how researchers write about their own studies and how they review 

the works of others. (Ronau et al., 2014, p. 1002) 
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CONCLUSION 

In the introduction, we raised the question of what is known about the effects of using digital 

technology in mathematics education on student performance. The literature review reveals mixed 

results. The OECD correlational study shows little evidence for benefit. Experimental studies, and 

their review studies in particular, report significant and positive effects, but with small average 

effect sizes in the order of d = 0.2. Compared to effect sizes reported for other types of innovative 

interventions, this is not much. Also, insight into factors that are decisive for the (lack of) positive 

benefit of the use of digital tools is limited. 

Of course, the above approach has some important limitations. First, review studies are based on 

studies that are older themselves, and one might wonder if the picture has changed over, say, the 

last five years. The fact that effect sizes so far have not been increasing does not favour this 

argument. Second, we focus on experimental, quantitative studies and neglect qualitative studies 

and studies that follow a design research paradigm, whereas such studies can contribute to the body 

of knowledge and in many cases take an in-depth view on student learning and are firmly grounded 

in theories from the field of mathematics didactics
6
. A third limitation of the type of review studies 

revisited, is that these studies do not differentiate between educational level, type of technology 

used, and other educational factors that may be decisive. Rather, they provide an overview without 

nuances, which may cause us to miss important insights in the phenomenon. 

In spite of these limitations, the conclusion is that evidence for the benefit of using technology in 

mathematics education from experimental studies is not very strong. What we need on our research 

agendas are studies (including replication studies) that focus on the identification of decisive factors 

that determine the eventual benefits. Such studies should on the one hand be methodologically well 

designed according to the standards from educational science, and on the other hand be strongly 

based in sound  theoretical foundations from domain-specific mathematics didactics. To combine 

the best of both worlds is the challenge we are facing. 
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