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ABSTRACT
The manuscript addresses the gap in the existing knowledge regarding how interactive whiteboards 
(IWB) influence mathematical attainment within elementary, middle, and high schools. An evidence 
synthesis of the literature is presented, which examines the impact of IWB on the mathematical 
attainment of students aged 5-18. The search included twelve bibliographic databases: Best Ev-
idence Encyclopaedia (BEE), Education Endowment Foundation (EEF), ERIC, JSTOR, Google 
Scholar, Web of Science, SCOPUS, PsycINFO, PsycArticles, PROQUEST Dissertation and Thesis, 
and WorldCat. Additionally, the Directory of Open Access Journals (DOAJ). Systematic analysis of 
reported studies indicated that IWBs improved student attainment in mathematics relative to other 
methods identified within the studies, with a mean reported effect size of d=+0.32, 95% CI [0.15, 
0.50]. This effect size suggests a small to medium effect following Cohen’s d benchmarks.

INTRODUCTION

Educational technology tools such as the IWB 
have been broadly used in the classroom (Hendawi & 
Nosair, 2020; Pour, 2013). Within the United King-
dom, 100% of primary schools and 98% of second-
ary schools have IWBs installed (Ghavifekr & Rosdy, 
2015). However, there is limited evidential research 
on the extent of the use of IWBs or details of the cor-
relation between improved mathematics attainment 
outcomes (i.e., the performance level of students in 
mathematics, as measured by the test) and IWB use in 
teaching practice.

Zevenbergen and Lerman (2007) examined the 
use of IWBs about measures of pedagogy using a pro-
ductive pedagogical framework developed by Gore et 
al. (2004) to examine IWB use in middle school class-
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rooms. Taking Engestrom’s (1999) theory of Third 
Generation Activity as a starting point, the research-
ers examined tensions resulting from introducing the 
IWB to the mathematics classroom. Zevenbergen and 
Lerman (2007) studied ICTs in mathematics class-
rooms for four years in Australia. The IWB aspect 
of their study focused on two schools, one based in 
Queensland and one in Victoria. The focus was solely 
on using IWBs over Information and Communications 
Technology (ICT) in five classrooms to determine ef-
fects. Data were collected by video observations from 
which the observer rated the lesson against selected 
criteria. Data collected identified some ‘worrisome’ 
scores, which indicated that the effectiveness of IWBs 
is limited, showing very low levels of quality learning 
potential. Upon reviewing the observations, the au-
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including IWBs, commonly produce a positive, mod-
est effect size (ES=0.15) compared to methods using 
only a blackboard and instruction. The study did not 
compute any specific effect sizes for IWB use.

A systematic review on the use of IWBs by Kyri-
akou and Higgins (2016) included 16 studies. Four of 
these studies (Campbell, 2010; Hall & Higgins, 2005; 
Rains, 2011; Somekh et al., 2007) included teacher 
training in IWB use. The four studies showed an ad-
vantage in the efficacy of IWB instruction over the 
remaining 12 studies, which did not include teacher 
training. Kyriakou and Higgins (2016) reported that 
the 16 studies included in the review covered several 
academic subjects. Twelve of the academic subjects 
included mathematics, while eight studies indicated 
improvement on the subject of mathematics (Hall 
& Higgins, 2005; Huang et al., 2009; López, 2010; 
Somekh et al., 2007; Swan et al., 2010; Thompson & 
Flecknoe, 2003; Watt, 2011; Winkler, 2011). Seven of 
the 12 studies examined student attainment in math-
ematics in terms of scoring (Hall & Higgins, 2005; 
Huang et al., 2009; Martin, 2007; Masera, 2010; 
Somekh et al., 2007; Swan et al., 2010; Thompson 
& Flecknoe, 2003). Only four of these provided ev-
idence of improvement in attainment outcomes. Re-
sults from Higgins et al., (2005) study provided evi-
dence that despite existing improvement in attainment 
during the second year of use (ES=0.09), such im-
provements were not maintained in the following year 
(ES= -0.10). The result suggests a Hawthorne effect 
that may undermine the results’ integrity, particularly 
the relationships between variables.

Given the scope, range, and date of previous pub-

authors stated that ‘despite the low scores, there were 
few behavioral difficulties with the students.’ Still, 
nine of the 20 pedagogies researched within the study 
scored substantially lower when using IWBs over oth-
er ICT methods, indicating potentially low mathemat-
ical learning levels.

There is currently limited systematic evidence 
regarding the effects of using technology, including 
IWBs, on student achievement in mathematics. Che-
ung and Slavin (2011) conducted a meta-analysis of 
the impact of educational technology applications on 
mathematics achievement in grades K-12 (students 
aged 5-18). Seventy-five qualified studies, involv-
ing 56,886 K-12 students in 45 elementary school 
studies (n=31,555) and 30 secondary school studies 
(n=25,331), were included in the analysis. The select-
ed studies were identified through a search of edu-
cational databases (e.g., JSTOR, EBSCO, Education 
Resources Information Centre (ERIC), Psych INFO, 
Dissertation Abstracts), web-based repositories (e.g., 
Google Scholar), and educational technology pub-
lishers’ websites, using different combinations of 
keywords (e.g., educational technology, instructional 
technology, computer-assisted instruction, interactive 
whiteboards, multi-media mathematics interventions, 
etc.). All the studies selected lasted for a minimum of 
12 weeks as the focus of the research was to deter-
mine if interventions with a duration of 12 or more 
weeks had lasting effects on student attainment. Effect 
sizes (ES) were computed as the difference between 
experimental and control groups. A comprehensive 
meta-analysis was conducted after calculating in-
dividual effect sizes for 75 studies. Results demon-
strated that technology applications in education, in-
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 view,  only studies published after 1st January 
 2009  were  considered  both  because IWB us
 age has increased since then and technological 
 advances  in software were evident from 2009 
 onwards. 
• Studies must be written in English to eliminate 

the influence of language bias in this research 
and the researcher’s ability to read and inter-
pret findings. 

• Only those studies that used randomized con-
trol trials (RCTs) or a quasi-experimental de-
sign with matched comparison groups (QEDs) 
were included. 

• Mathematical attainment must be measured 
with a test to measure improvement from 
baseline to post-test or post-test comparing the 
experimental and control groups. 

• Enough information must be reported to cal-
culate effect sizes. 

• Students must be from primary/junior/mid-
dle/elementary/senior high school/secondary 
school/grammar school, compulsory school-
ing. 

• Six-hour minimum teaching using IWB to 
minimize the Hawthorne and Halo Effect.

Search Strategy

The following search strings were developed to 
search data bases:

(IWB OR “interactive white*board” OR “elec-
tronic *board” OR “digital *board” OR “smart 
white*board”) AND (Math* OR Computation OR 
numeracy) AND (primary OR junior OR middle OR 

lications, and evidence syntheses looking at mathe-
matics attainment and the use of interactive white-
boards, then this evidence synthesis aims to update 
existing knowledge in this important area of research.

The methods used within this evidence synthesis 
are similar to those used by Slavin et al. (2009), who 
defined the procedures for conducting as best-evi-
dence synthesis in his Best Evidence Encyclopaedia 
(Slavin, 1986). This evidence synthesis aims to ad-
dress gaps in the existing literature and bring previous 
systematic reviews examining the impact of IWB us-
age in mathematical attainment up to date.

Research Question

The evidence synthesis aimed to answer the fol-
lowing  research question:

‘What does the previous research suggest about 
the impact of IWB use on mathematical attainment in 
students aged 5-18 over the last decade?’

Inclusion and Exclusion Criteria

To enhance the strategic search for this systematic 
literature review and ensure the accuracy of results, 
it is essential to include inclusion/exclusion criteria. 
The review applied the following inclusion criteria:

• The full text of studies must be accessible.
• Publications must be sufficiently recent to en-

sure the exclusion of outdated technologies 
and research. For this systematic literature re-

MATERIALS AND METHODS
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Where ME,Pre is the mean for the experimental 
group at pre-test; SDE,Pre is the standard deviation for 
the experimental group at pre-test; MC,Pre is the mean 
for the control group at pre-test; SDC,Pre is the standard 
deviation for the control group at pre-test; ME,Post is the 
mean for the experimental group at post-test; SDE,Post 
is the standard deviation for the experimental group at 
post-test; MC,Post is the mean for the control group at 
post-test; and SDC,Post is the standard deviation for the 
control group at post-test.

The variance of Cohen’s d (Cooper, 2017, p. 165) 
is as follow:

Where nE is the sample size of the experimental 
group and nC is the sample size of the control group.

The 95% confidence interval for Cohen’s d (Coop-
er, 2017, p. 165) is:

The Data Extraction Process

The data extraction process adhered to PRISMA 
(Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses) standards and is summarised in 
the PRISMA flow diagram in Fig. (1). As evidenced 
by Liberati et al. (2009), the PRISMA model is an 
evidence-based set of minimum items developed to 
improve systematic reviews and meta-analyses re-
porting.

OR elementary OR high school OR *high school OR 
“secondary school” OR “grammar school” OR com-
pulsory schooling) AND (assessment OR score* OR 
attainment OR evaluation OR achievement OR suc-
cess OR test* OR outcome* OR performance).

Following the procedure advised by Kyriakou 
and Higgins (2016), the search included twelve bib-
liographic databases: Best Evidence Encyclopedia 
(BEE), Education Endowment Foundation (EEF), 
ERIC, JSTOR, Google Scholar, Web of Science, 
SCOPUS, PsycINFO, PsycArticles, PROQUEST 
Dissertation and Thesis, and WorldCat. Additionally, 
the Directory of Open Access Journals (DOAJ) was 
reviewed on 20 April 2019. A total of 33 journals pub-
lished the full text in English and related to education 
and technology were found. Of these, one was not ac-
cessible, and any of the selected databases had not in-
dexed four; therefore, a manual search was conducted 
on these journals. Another search was also performed 
on the EEF website, where a further 31 projects on 
mathematics were found; however, none of these used 
IWB technologies.

Calculating Effect Sizes

The following formulas were used to compute ef-
fect sizes.

Cohen’s d for pre-test and post-test:
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Description of Included Studies

As shown in Table 1, this review included 12 stud-
ies: four journal articles, six theses, one book chap-
ter, and one conference paper. The sample size of the 
included studies ranged from 47 participants (Turan, 
2014) to 4986 (Higgins, 2012). The included stud-
ies involved a total of 15542 participants. They were 
conducted in various countries, including the Taiwan 
(Huang et al., 2009), the UK (Higgins, 2012), the USA 
(Lutz, 2010; Riska, 2010; Watt, 2011; Winkler, 2011; 
Stout et al., 2013; Amaker, 2014), Turkey (Tunaboylu 
& Demir, 2016), Jordan (Nejem & Muhanna, 2014), 
Cyprus (Turan, 2014) and the Netherlands (Cabus et 
al., 2017).

Screening and selecting studies

Initial searches resulted in 5309 studies, out of 
which 3068 were published since 2009. These results 
were then imported into ProQuest RefWorks. Howev-
er, after removing duplicates, 2705 studies remained. 
After screening these studies by title and abstract, 55 
studies remained for full-text screening. Six papers 
were not full text, and three were not in English. Eight 
studies were not related to mathematical attainment. 
Eight papers were identified as neither randomized 
controlled trials (RCTs) nor quasi-experimental de-
signs (QEDs) and therefore were eliminated from the 
search. Ten studies were deemed unreliable because 
they did not measure mathematical attainment. Four 
articles did not report mean or standard deviations for 
attainment results within the experimental and control 
groups. Four papers were not the right age group. This 
process produced a set of 12 studies for inclusion in 
the quantitative synthesis, as shown in Figure 1; brief 
descriptions of these studies are presented in Table 1. 
Finally, means and standard deviations for each study 
were used to calculate the effect size for each study 
based on formulas as evidenced above.

Figure 1: PRISMA flow diagram for systematic reviews.

RESULTS AND DISCUSSION
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Effect Sizes for the Included Studies

To analyze the results of the studies in this sys-
tematic review critically, the sample sizes (n), means 
(M), and standard deviations (SD) were used for the 
calculation of Cohen’s d effect sizes. Cohen’s d meas-
ures the standardized difference between the experi-
mental and control groups means standard deviations. 
Accordingly, 20 effect sizes were extracted from 12 
studies and sorted by size (Table 2). As shown in Ta-
ble 2, student attainment measured between groups 
at post-intervention only and pre/ post-intervention 
ranged between d = 0.00 in Higgins’s (2012) study of 
Year 2 and d = 1.24 in Turan’s (2014) study. In this re-
view, 8 of 20 dependent studies did not involve a pre-
test. Overall, Table 2 and Figure 2 demonstrate that 
IWBs improved student attainment in mathematics 
relative to other methods identified within the studies 
with a mean reported effect size of d=+0.32, 95% CI 

Figure 1: PRISMA flow diagram for systematic reviews.
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[0.15, 0.50]. This effect size suggests a small to medi-
um effect following Cohen’s d benchmarks.

Table 2: Effect sizes for the included studies, in descending order

Figure 2: Forest plot of comparison between effect sizes of experi-
mental group and control group

Table 3: Strengths and weaknesses of the included studies
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is a shortage of literature examining the effect on stu-
dent learning achievement (e.g., Kiriakou and Hig-
gins, 2016). Even fewer studies focus on a mathemat-
ics-specific environment using IWB technology. On 
the probability of evidence of the articles that we were 
able to identify and include in this evidence synthe-
sis, the evidence suggests a positive impact of IWB 
use on students’ mathematical attainment. However, 
the merits of integrating IWB use into mathematics 
teaching seem to be conditional on the quality of the 
teacher professional development provided in the use 
of IWBs, e.g., Winkler (2011), who designed teacher 
professional development and reported positive effect 
sizes of +0.31, as well as the extent to which students 
make use of the IWB, e.g., Cabus et al., (2017) who 
reported positive effect sizes of +0.21. The efficacy of 
IWBs in facilitating attainment in different fields of 
mathematics seemed beneficial in traditional numeri-
cal mathematical fields (such as algebra and statistics) 
and the topological field of solid diagrams. It could be 
argued that its greatest benefit was seen in the field of 
Geometry, with the short- and medium-term outlook 
being positive, e.g., Watt (2011), Nejem & Muhanna 
(2014).

The Primary Schools Whiteboard Expansion Pro-
ject (PSWE) report (Somekh et al., 2007) has provid-
ed evidence that the IWB is a very powerful tool in the 
hands of an experienced teacher or properly trained 
teaching assistant working with a small group. There 
is a need for basic training in pedagogies surround-
ing teaching literacy and numeracy and IWB use for 
teaching assistants (TAs). As observed in white and 
grey literature, it is often TAs rather than teachers 
who use the IWB for remedial work with small pupils. 

Figure 3: Funnel plot of standard errors Cohen’s d for experi-
mental group and control group

Publication Bias

To assess the possibility of publication bias, the 
“trim and fill” procedure with random effects was 
shown for mathematical attainment to identify and 
correct funnel plot asymmetry. The Egger regression 
gives ‘the degree of funnel plot asymmetry as meas-
ured by the intercept from regression of standard nor-
mal deviates against precision (Egger et al., 1997, p. 
629). As Figure 4.3 shows, the outcome of a t-test 
is significant (t=4.05; p=0.001), indicating there is a 
high risk of publication bias.

Discussion

The review has concluded that IWB can assist 
with the teaching of children when learning numera-
cy. In comparison with the other teaching methods ex-
amined, such as lecture-based methods or PLS, IWB 
is a relatively new yet extensively used instructional 
teaching tool. Its effect on student achievement has 
been thoroughly explored and proven to be positive. 
Similar to other systematic evidence syntheses, there 



Whole-class teaching, especially when conducted at 
the increased pace made possible with an IWB, does 
not address the specific needs of pupils who cannot 
grasp the relationships between symbols and words or 
concepts without help from the teacher.

For future research, it is essential to examine are-
as that have not been discussed to determine whether 
these areas would reduce the applicability of the re-
sults. Of the 12 studies, only Amaker (2014) includ-
ed students with specific learning difficulties (SpLD), 
and the study demonstrated a large effect size (Co-
hen’s d=+1.08). It would be pertinent for future re-
search to ensure students with SpLD or special ed-
ucational needs (SEN). Furthermore, the 12 studies 
neglected to determine the impact of IWB technolo-
gy on the mathematical attainment of students with 
low SES. It would be beneficial to replicate studies 
employing problem-based learning and collaborative 
learning with problem-based learning on a larger scale 
to investigate the efficacy of these pedagogies further 
when employing IWB in mathematics.

Several limitations of this evidence synthesis have 
been identified. The small sample sizes and the few 
studies in this evidence synthesis have made it dif-
ficult to determine irrefutable effect sizes. The main 
problem with small studies is the interpretation of 
their results, in particular, confidence intervals and 
p-values. Faber and Fonseca (2014) state that sam-
ples should be neither too large nor too small since 
both have limitations that can compromise the conclu-
sions drawn. As previously discussed, using smaller 
samples increases the chances of reporting false-pos-
itive results. A number of the studies included in this 

synthesis (Amaker, 2014 (n=95); Huang et al., 2009 
(n=60); Nejem & Muhanna, 2014 (n=103); Riska, 
2010 (n=173); Tunaboylu & Demir, 2016 (n=58); 
Turan, 2014 (n=47); Watt, 2011 (n=72)) came under 
scrutiny for their use of small sample sizes ,and have 
associated difficulty in extrapolating accurate and ir-
refutable effect sizes. This evidence synthesis of the 
literature allows interpretation of effectiveness from 
multiple similar studies, which is more valuable theo-
retically and statistically than an individual study. De-
spite this fundamental strength, this research should 
also be interpreted in the context of its limitations. 
The use of a small sample size affects the reliability 
of results as it leads to a higher variability, which may 
lead to bias. Hacksaw (2008) states that well-designed 
small studies can be valid, but it is important to inter-
pret them carefully. While small studies can provide 
results quickly, they do not normally yield reliable or 
precise estimates. It is advisable not to draw definitive 
conclusions about an intervention, whether the results 
are positive or not. It should be considered that data 
extrapolated from small studies could be used to de-
sign larger confirmatory studies. Suppose the aim is to 
provide reliable evidence on the intervention of IWB 
use in mathematical attainment; the study should be 
large enough to provide the correct statistical power 
and take account of clustering effects within the data.

The search criteria for sources were limited to in-
terventions reported in English. This exclusion of re-
ports written in another language is a key review lim-
itation, and it may decrease the accuracy of outcomes 
by excluding useful and relevant data (Moher et al., 
1996). However, the limitation may be reduced since 
the papers included in this review drew information 
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from various geographical locations, including the 
US, China, Turkey, and the United Kingdom.

This synthesis has helped clarify the literature’s 
evidence regarding the positive impact that IWB use 
has on mathematical attainment. The data collected 
assisted in determining the advantages and drawbacks 
of using this technology for daily mathematics lessons 
amongst students in various class groups. Mostly, as 
several studies concluded (Cabus et al., 2017; Huang 
et al., 2009; Nejem & Muhanna, 2014; Stout, 2013; 
Tunaboylu & Demir, 2016; Turan, 2014), the IWB 
was seen as a useful tool for increasing attainment of 
mathematical skills. Generally, it was reported that 
teacher training in IWB had a positive impact on cre-
ating a more productive classroom environment.

The study on evidence synthesis provides a useful 
baseline upon which further research can be predicat-
ed. However, given the few studies included in the 
review, after selective filtering of the sources based 
on the research literature, it is important to note the 
current shortage of robustly designed studies investi-
gating the effects of IWB use on students’ mathemat-
ical attainment. Therefore, further research to address 
this lack of robust evidence is needed, with a particu-
lar focus on increasing the evidence garnered from 
high-quality RCT experimental designs that utilize 
valid and reliable measures of students’ mathemati-
cal attainment. In addition, further research involving 
systematic classroom observations, coupled with the 
teacher and/or student interviews, would help provide 
evidence regarding the particular teacher character-
istics and classroom practices that are conducive to 

promoting high-quality mathematical learning using 
IWB technology.
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