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Abstract: This mixed-method study investigated how primary school mathematics teachers in South
Africa and Germany utilise educational technology. The perceptions of the principals and teachers
regarding the use of educational technology and the obstacles to its integration were contrasted. In
addition, the Trends in International Mathematics and Science Study (TIMSS) 2019 data from these
countries were used to evaluate the relationship between educational technology and learner accom-
plishment. The results showed that teachers from both nations employed educational technology as a
presentation-, reinforcement-, supplement-, and problem-solving tool, and also used it to stimulate
the learning environment, as shown through semi-structured interviews and classroom observations.
In addition, obstacles such as a lack of tablets/computers, technical support, and a lack of relevant
continuous professional development impeded the incorporation of educational technology in math-
ematics by these teachers. Additionally, multi-level models revealed that access to a computer and
internet connectivity at home correlated positively with German learners’ mathematics performances,
while no statistically significant relationship was observed in South Africa. The results of this study
have policy implications and are discussed at the end of this paper.

Keywords: educational technology; HLM; interview; mathematics education; mixed-method; multi-
level model; TIMSS

1. Introduction

Nearly all of the 57 countries that participated in the Trends in Mathematics and
Science Study (TIMSS) 2019 highlighted the importance of using educational technology to
enhance the effectiveness of teaching and learning [1]. In fact, several countries, including
South Africa and Germany, made substantial investments in rolling out educational tech-
nology in schools. For instance, the South African government allocated approximately
15.3 billion rands towards instructional equipment that included educational technology [2].
In a similar vein, the German government allocated about 2.4 billion euros for the proposed
Digital Pact program, aiming to equip schools in Germany with digital infrastructure [3].
Sadly, these investments do not automatically result in improved learner performance.
Instead, educational technology only provides teachers with new teaching strategies, which
might positively influence learner performances if integrated correctly [4]. Several studies
documented the advantages of using educational technology in mathematics education.
For instance, the British Educational Communication and Technology Agency (BECTA)
stated that educational technology could develop learners’ visual imagery and assist them
in observing patterns and exploring data that can be beneficial for learning mathematics [5].
Nevertheless, regardless of the ways in which educational technology can benefit teaching
and learning, many mathematics teachers still do not recognise its advantages [6]. The
distribution of educational technology to schools does not automatically translate into a
situation where teachers actually use it for instruction purposes or to improve the quality
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of education [7]. To this point, very few studies are interested in the use of educational
technology in South African and German schools. Consequently, this study investigated the
use of educational technology in two schools per country. These schools were purposefully
sampled as they had educational technology available for mathematics education. This
mixed-method study explored the different ways in which mathematics teachers use edu-
cational technology in German and South African primary school classrooms. Educational
technology is not restricted to technology but is anything that enhances classroom learning
in the utilisation of blended, face-to-face, or online learning. In this study, educational tech-
nology refers to (but is not limited to) all digital devices, such as computers, laptops, tablets,
mobile phones, internet, audio-visual assets, and computer software. These teachers” and
principals’ perceptions regarding the use of educational technology and the barriers hin-
dering educational technology integration were compared. Additionally, the association
between using educational technology and learner achievement were investigated. The
following research questions were investigated in this study:

e  What are the similarities and differences in how teachers use educational technology
in mathematics in South African and German elementary schools?

e  What are the similarities and differences regarding the barriers influencing these
teachers’ integration of educational technology in mathematics?

e  How do these teachers’ perceptions concerning the use of educational technology in
mathematics compare?

e  How does the use of educational technology correlate with the mathematics achieve-
ment of learners when the socioeconomic status (SES) of the school and the teachers’
and learners’ gender are controlled for?

2. Literature Review

The use of technology rapidly increased in society over the past decade or so [8].
Consequently, many educational systems incorporated the use of educational technology
in their curricula. Elementary and secondary education teachers were urged to integrate
technology into education [9]. However, during the global pandemic (COVID-19), most
schools rapidly shifted from face-to-face teaching to online teaching. This global change in
education resulted in more researchers investigating educational technology’s uses and in-
fluences on learner achievement [10]. However, in this literature review, the different ways
in which teachers use educational technology and their perceptions regarding integrating
educational technology are discussed.

2.1. Different Ways in Which Teachers Use Educational Technology

The adoption of educational technology by mathematics teachers largely depends on
whether or not they use it voluntarily [11]. Many mathematics teachers are, however, pres-
sured by curriculum requirements to integrate technology into their classroom instruction.
Others are willing to change their teaching approach due to the known benefits of using
educational technology in mathematics education. One of the most basic conditions is that
the devices must be readily available in the classroom for teachers to use computers in
mathematics lessons.

In Turkey, Birgin et al. [12] used a descriptive survey to investigate mathematics
teachers’ perceptions while using Information Communication Technologies (ICTs). Their
study included 242 mathematics teachers from Grade 5 to Grade 12. They found that
almost all teachers owned a computer and smartphone and had access to the internet.
Almost 70% (69.8%) of these teachers received training on Computer Assisted Instruction
(CAI), and therefore, one would assume that most would use computers in their instruction.
However, Birgin et al. [12] found that only 14.0% of these teachers used computers very
often, while 28.9% used computers often, 19.4% barely used them, and 7.4% never used
computers in mathematics instruction. Their findings also showed that just over one-quarter
(25.6%) of these teachers frequently used the smartboard, while 7.0% rarely used it during
mathematics lessons. An interesting finding is that these teachers had ICT available and
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had some knowledge about which software was available (for example, Mathematica, Cabri
II, Cabri 3D, Maple, and Geometer’s Sketchpad), which means the training they received
on CAI did not necessarily result in their use of educational technology in mathematics.
Another interesting finding was that teachers mostly used ICT as a communication tool
rather than an instructional tool [12].

In South Africa, Umugiraneza et al. [13] investigated the extent to which mathematics
teachers from schools in the KwaZulu-Natal province used technology in the classroom.
These authors distributed a questionnaire to a sample of 75 mathematics teachers. Only
44.0% of these teachers indicated that their schools have computer facilities, and 28.0%
explained that some computers could be used for mathematics instruction. Their findings
also suggest that these teachers are more comfortable using calculators than computers.
An area of concern is that computers are not used for instructional purposes, but more for
administration in schools with computer facilities [13].

Xiang [6] used a mixed-method approach to compare how mathematics teachers from
England and China integrate technology into mathematics. In total, 348 mathematics teach-
ers completed a questionnaire (229 from China and 119 from England). Additionally, 11
teachers were interviewed and observed (six from China and five from England). Findings
showed that mathematics teachers from China mostly used computers, data projectors, Mi-
crosoft Office programmes (such as Word, Excel, and PowerPoint), followed by calculators,
interactive whiteboards, and Geometer’s Sketchpad, and most reported that they barely
use mobile phones in mathematics teaching.

On the other hand, teachers from England reported mostly using calculators, comput-
ers, interactive whiteboards, GeoGebra, and Autograph, while they barely use smartphones
and projectors in mathematics education. Chinese teachers mainly used Baidu (search
engine) to browse websites focusing on specific subjects, download pictures and videos,
and look for interactive programs focusing on specific content, while teachers from Eng-
land mostly used Google for these purposes. Interestingly, Chinese teachers mostly used
local communication platforms like WeChat to exchange teaching material. Findings
from Xiang [6] also showed that Chinese teachers mostly use the technology mentioned
above to explain mathematical knowledge, while the teachers from England use technol-
ogy to demonstrate exercises and problem-solving steps. Teachers from both countries
mostly used computers as presentation tools, particularly for explaining and justifying
concepts (Chinese teachers) as well as for calculations and checking purposes (teachers
from England).

2.2. Teacher Perceptions about the Integration of Educational Technology

Pajares [14] describes beliefs as personal guides that aid individuals in defining and
understanding the world and themselves. Tezci [15] explains that teachers’ perceptions
of Computer-assisted Learning (CAL) can be cognitive, affective, and behavioural. For
instance, a teacher’s perception of educational technology as useful is referred to as a
cognitive perception. Secondly, an example of an affective perception is when teachers like
or dislike educational technology. Thirdly, teachers who had a positive experience with
educational technology and recommended other teachers to integrate it into teaching are
using a behavioural perception. However, educational technology researchers group beliefs
mostly as teacher- and learner-centred [16]. The literature revealed that teacher perceptions
and attitudes are important elements in determining whether teachers will use educational
technology in their classroom and how they plan to implement it [16].

Various studies have been conducted to determine teachers’ perceptions based on
integrating educational technology [17-19]. Research has shown that it is mostly teachers
with learner-centred (constructivist teaching styles) who are most likely to use educational
technology in their teaching practices [20-22]. Farjon et al. [23] found that the attitudes and
beliefs of pre-service teachers had the strongest influence on their actual use of educational
technology, while access to educational technology was the weakest predictor. In fact, an
earlier study by Moila [24] found that mathematics teachers from a rural school in South
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Africa believed that the use of ICTs improves learner performances, motivates and encour-
ages learners, and provides different teaching approaches which ensure that learners enjoy
mathematics. Most recently, Bardakci and Alkan [25] found that performance expectancy
positively and significantly influenced Turkish pre-service teachers’ behavioural intention
to use the interactive whiteboard for teaching purposes. This finding is supported by
Stols et al. [26], who found similar results using South African data. Researchers who used
the Technology Acceptance Model (TAM) also found that “perceive usefulness” influences
teachers’ attitudes towards using educational technology, which in turn influences their
intention to use it in teaching and learning [27,28].

3. Materials and Methods

This study followed a sequential exploratory mixed-method design. Mixed methods
can be described as the “research approach in which quantitative and qualitative data or
techniques are combined or mixed in a single study” [29] to understand the research prob-
lem more completely [30]. This study benefited from using mixed-method research because
using more methods to collect data increased the study’s credibility. However, conducting
mixed-method research requires more analytical skills and is time-consuming [30]. To over-
come these challenges, the study draws on the interdisciplinary skills of the researchers.
During the sequential exploratory design, qualitative data collection was given priority to
identify themes and address the first three research questions; thereafter, quantitative data
was collected to address the last research question.

3.1. Participants

For the qualitative phase, multiple explanatory case studies were used to compare
the differences and similarities between South Africa and Germany [31]. These countries
were specifically selected to participate in this study because of their recent investments in
educational technology. Furthermore, Germany is a first-world country, and a developing
country such as South Africa can learn much from it. Purposeful sampling was employed to
select two schools in each country with educational technology available in the mathematics
classroom [32]. Thereafter, convenience sampling was applied to select schools that were
geographically easily accessible [30]. We acknowledge the sample size is small, but this was
due to the number of schools the South African researcher could arrange to visit during her
time in Germany. Another reason for the small sample size is that very few mathematics
teachers (at the time of the data collection process) had computers and/or tablets available
during lessons in both countries. Another justification for the small sample size is that
the project was small, and “6-10 participants are recommended for interviews” [33]. The
principals of each school in both countries identified mathematics teachers with access
to educational technology to use in mathematics. One principal, one deputy principal,
and three Grade 5 mathematics teachers from South Africa, and one principal and three
mathematics teachers from Germany participated in this study. It is worth mentioning
that the German principal participated in this study in her capacity as the principal of the
school and as a mathematics teacher. Consequently, 10 interviews were conducted.

For the quantitative phase, a secondary data analysis was conducted, drawing on data
from principals, mathematics teachers, and learners who participated in TIMSS 2019. TIMSS
2019 used a two-stage stratified cluster sampling approach by firstly selecting schools based
on their size and intact classes at the second stage [34]. The sampling frame of South Africa
was stratified according to the province, school type, and SES of the school [35]. South
Africa conducted the less difficult mathematics assessment (TIMSS-Numeracy) with their
Grade 5 learners “to provide a better match with the demands of the assessments” [34]. In
Germany, schools were stratified based on school type and SES [36]. Mathematics teachers
and principals from 203 schools and 3437 Grade 4 learners from Germany participated in
the study. On the other hand, mathematics teachers and principals from 297 schools and
11,891 learners from South Africa participated in the study [35].
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3.2. Data Collection and Analysis

Semi-structured face-to-face interviews, which ranged between 30 and 50 min, were
conducted with the mathematics teachers, principals, and deputy principals and were
digitally recorded and transcribed. The background information about the participants in
terms of nationality, geographical location, gender, teaching and/or managing experience,
as well as the status of the school, are outlined in Table 1.

Table 1. Background information of the participants.

Participant Country Geogral?hlcal Gender Teachlng/Managmg Status at School
Location Experience
One year and five Mathematics
SAp1 .
Gauteng province Male months teacher
SAps Four years (managing) Deputy Principal
SAp2 South Africa Seven years Mathematics
Female : teacher
SAr Western Cape Six years
province Nine years (leadership),
SApy Male three months (acting Principal
principal)
Two years (managing) Principal and
DEUp; y sMS mathematics
Female Twelve years (teaching) teacher
Mathematics
DEUr North Eleven years teachers
Germany . .
DEU Rhine-Westphalia Three years and six Mathematics
P3 months teacher
Male (DEUp4 was not
interviewed, but rather, Mathematics
DEUpy .
his classroom was teacher

observed)

The South African schools were called SAggo11 and SAgchoo1 2- The schools in Ger-
many were coded DEUgo011 and DEUgg,01 2. For the South African schools, the male
teacher from SAg0011 Was coded SAp;, where p stands for “Participant”, the female
teachers from SAgcoo12 Were coded SAp, and SAps, while the principals were coded
SAPp4(SA School 1) @aNd SAp5(sA school 2)- FOr the schools in Germany, the female teachers from
DEUgho01 1 Were coded DEUp; (she is also the principal of the school) and DEUp;, while the
male teachers were referred to as DEUpz and DEUpy. The latter participant from DEUg001 1
only agreed to classroom observation. Content analysis was employed, which included
the coding and categorisation of data [37]. Additionally, three mathematics lessons (two
in South Africa and one in Germany) were observed and recorded using an observation
checklist.

For the quantitative phase, the school, mathematics teacher, and learner questionnaires—
designed by various stakeholders—were used in this study. One of the measures taken to
ensure validity was to “clearly defin[e] the target construct to be measured” [38]. TIMSS
used a collaborative approach to develop 12 new assessment blocks for the 2019 adminis-
tration while using 16 blocks from the previous cycle, TIMSS 2015 [39]. A matrix sampling
approach was used for packaging the assessment pool into 14 achievement booklets, and
a rotated-booklet design was used to assign one booklet to a learner [38]. Each learner
received 45 min to complete a segment of the achievement items in the booklet [40]. Two-
level multi-level models were built using Hierarchical Linear Modelling (HLM) software,
as it considers the nested structure of the data [41]. The expectation-maximization (EM)
procedure was applied to impute the missing data. Firstly, a null model with no predictors
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was conducted to explain the variance at each level. Next, a full model with all school
and learner predictors was produced to determine the association between the use of
educational technology and the learners’ mathematics achievement. The full model is
outlined as follows:

Level-1 Model
ASMMATO1;; = Boj + B1j X (ASBGO1y) + Boj x (ASBGO5A;) + B3 x (ASBGO5Dy) + 1
Level-2 Model
Boj =Yoo + Yo1 X (ATBGO2j) + vz x (ATBMO4CA) + vo3 X (ATBMO4CB;) + vo4 X (ATBM04CG)

+ Y05 X (ATBMO4CD]) + Yo X (ATBMOSJ) + Yo7 X (ACBGO3A]) + Yos X (ACBG13AF])
+ Yo9 X (ACBG13AH]) + Yo10 X (ACBG13BBJ) + Uo;

B1j =vY10
B2j =v20
Bsj =v30

where

Score ij is the mathematics achievement score for learner i in school j,

Yoo is the average mathematics score for all schools included in the sample,

1; is the slope of gender for learner i in school j,

B2j is the slope of computer availability at home for learner i in school j,

B3 is the slope of internet availability at home for learner i in school j,

Yo1 is the slope of the teachers’ gender,

Yoz is the slope of the teachers’” use of computers for activities to support learning for

the whole class,

e ;3 is the slope of the teachers’ use of computers for activities to support learning for
low-performing learners,

® v is the slope of the teachers’ use of computers for activities to support learning for
high-performing learners,

e g5 is the slope of the teachers’ use of computers for activities to support learning for
learners with special needs,

® 7o is the slope of the learners’ use of computers or tablets to complete mathematics
test,
Yo7 is the slope of the socioeconomic status of the school,
Yos is the slope of the schools’ shortage or inadequacy of technologically competent
staff,

® Y is the slope of the schools’ shortage or inadequacy of computer technology for
teaching and learning,

®  vjo is the slope of the schools’ computer software/applications for mathematics in-
struction,

® g is a unique error to the intercepts linked with school j, and

e 1 is the residue for learner i in school j.

3.3. Quality Criteria

Transferability is the extent to which we can transfer the findings found in a specific
context to another very similar context, and for the findings of the current study, we caution
that researchers who wish to “transfer” the findings to a different context should be held
responsible for making the judgment of how sensible the transfer is [42].

Credibility is concerned with the truth; more specifically, it is concerned with the con-
gruence of the findings with reality [43]. The researcher returned the interview transcripts
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to the participants for member checking and comments. A native German transcriber also
verified the German interview transcripts. To further enhance the credibility of the study,
multiple sources (methodological triangulation), such as semi-structured interviews and
non-participatory classroom observations, were employed.

Validity refers to the extent to which an instrument used in the data collection process
measures what it is supposed to measure [44]. A Science and Mathematics Item Review
Committee (SMIRC) (this team consists of seven mathematics and six science experts
who guided TIMSS within the assessment development process), which was appointed
by the IEA, scrutinised all instruments and ensured that they were of high quality (face
validity) [38]. The SMIRC, together with policy analysts and mathematics experts, designed
the items which were reviewed after the field test [40]. The comments of these experts were
then used to finalise the instruments and ensure that the items used measured what they
set out to measure [38].

Reliability refers to the consistency with which an instrument yields the desired results,
meaning the instrument is consistent as well as repeatable [45]. The TIMSS instruments can
be regarded as reliable since the assessment takes place every four years, which allows for
comparisons over time [40]. Assessment reliability was ensured by designing a large pool
of items which were included in the assessment booklets [39]. TIMSS 2019 used Cronbach’s
Alpha reliability coefficients to calculate the reliability of the assessment booklets and the
items. The international median reliability was 0.97 for mathematics [39].

4. Results
4.1. Research Question 1: What Are the Similarities and Differences in How Teachers Use
Educational Technology in Mathematics in South African and German Elementary Schools?
Findings show that mathematics teachers in South African and German schools used
educational technology for various purposes, as shown in Figure 1. Teachers were asked
how they use educational technology in mathematics instruction and many different
responses were given. Therefore, differences in the use of educational tools ranged from
“engagement tool” to “additional activities” (see Figure 1). For instance, South African
teachers used educational technology as an online portfolio, while German teachers did
not. The next section discusses the similarities in how these teachers used educational
technology in mathematics.

Frequency
el e

CO0O0 RPERpE
oNPORNRNON

&

M South Africa B Germany

Figure 1. Similarities and differences in how South African and German teachers use educational
technology in mathematics.
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4.1.1. Similarities in How Teachers Use Educational Technology in Mathematics in South
African and German Elementary Schools

At least one of the mathematics teachers from South Africa and Germany used ed-
ucational technology in mathematics instruction as a presentation tool, to stimulate the
learning environment, to supplement teaching, and as a reinforcement and problem-solving
tool (see Figure 1). For instance, SApl, during classroom observations, used the smartboard
as a presentation tool. He instructed individual learners to calculate the distance from
Cape Town to Durban. The presence of the smartboard in the class created a stimulating
learning environment, and almost all the learners were eager to perform calculations using
the smartboard. SA;,; confidently adjusted the smartboard’s settings to the learners’ needs.
SAp1 also used YouTube as a presentation and reinforcement tool. After that, he assisted
learners in solving middle and higher-order problems with the support of the smartboard.
SAy» also used YouTube videos; however, she used the videos to supplement teaching
because she felt that sometimes her learners might not understand her. She additionally
used software called Quizzes to practise learners” skills in mathematics. Additionally, SAP3
explained that Green Shoots MCO, which is aligned with the Curriculum and Assessment
Policy Statement of South Africa, was being used throughout the school to assist learners
in solving low, middle, and higher-order problems. In Germany, for example, learners
use certain programs to practise skills according to their ability (weak/strong learners).
Furthermore, DEUp,; explained that she used computers as a presentation tool and to
substitute her traditional teaching method. The next section discusses the differences found
between the uses of educational technology in mathematics among these teachers.

4.1.2. Differences in How Teachers Use Educational Technology in Mathematics in South
African and German Elementary Schools

Differences between the uses of educational technology were also found among the
mathematics teachers of these countries, as shown in Figure 1. Mathematics teachers in
South Africa used educational technology as an engagement tool, an online portfolio,
to explore concepts, and as an assessment tool, while the teachers in Germany did not
use it for these purposes. For example, SA,,; explained that he used videos to engage all
learners. Furthermore, SA;,; explained that a YouTube video might perhaps provide a better
explanation, which can improve the learners’ understanding of a certain concept. During
the classroom observation, SAps had her learners use the internet to explore concepts
such as polygon shapes. Once these learners understood polygon shapes, they completed
an assessment regarding polygon shapes on Green Shoots MCO. The latter was not just
used for mathematics tasks but also used as an online portfolio. On the other hand,
German mathematics teachers used educational technology for demonstration purposes,
as a motivational tool, and to give learners additional activities, while South African
mathematics teachers did not use it for these purposes. For instance, during observations,
DEU,3 used Lego WeDo 2.0 programming software to demonstrate to the learners how a
snail could be built. Only nine learners could use this software due to not having enough
tablets. Furthermore, DEU3 explained that he used computers as a motivational tool to
provide additional activities to learners who completed their work for the day and used his
phone to explain mathematics operations to the learners.

4.2. Research Question 2: What Are the Similarities and Differences Regarding the Barriers
Influencing These Teachers’ Integration of Educational Technology in Mathematics?

Findings from this study revealed various barriers hindering educational technology
integration in South African and German primary schools (see Figure 2). It is worth
mentioning that teachers were not asked to indicate barriers to integrating educational
technology, but rather, the barriers formed a theme that emerged from the content analyses.
More barriers to the use of educational technology in mathematics emerged from South
African schools than from German schools. Consequently, a barrier such as “insufficient
plugs”, which is shown in Figure 2, indicates that it emerged from a South African school,
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but not from any of the German schools. The next section will discuss the similarities found
regarding the barriers between the countries, followed by the differences.

Lack of relevant continuous professional development

Long waiting period for technical support

Insufficient tablets chargers

Insufficient plugs
Germany

W South Africa

Tablet chargers have no timers
Unreliable WiFi connection

Long waiting period for repairs

e ——
e —
Lack of technical support | —
—
—
e —
e —
e ——
E—

Insufficient tablets and/or computers

Figure 2. Barriers to the integration of educational technology in mathematics education in South
African and German schools.

4.2.1. The Similarities Regarding the Barriers Influencing South African and German
Teachers’ Integration of Educational Technology in Mathematics

Both German and South African teachers and school principals indicated that they
have insufficient tablets and/or computers. For instance, SAPl could not use tablets in
his class because only one grade had access to tablets (at the time the interview was
conducted). SAp; explained: “only the Grade 7 learners in the school can practise skills
and procedures in mathematics using educational technology because they use tablets”.
In Germany, mathematics teachers highlighted the need for more educational technology
at their schools. For instance, DEU,; believed that it would be better to use educational
technology in the classroom if every learner were equipped with a tablet and each classroom
had at least one computer. However, DEU},; explained that they do not have the finances
to buy more technology because they “had a technical budget of 2000 to 3000 euro which
was used for the WiFi”. Additionally, DEU,, explained that there is only one computer for
teachers in the staffroom, and learners must share the computers in the computer room.
DEUj3 explained that the school’s educational technology is insufficient because he cannot
always use the computer room, which is “kind of annoying” because the computer room is
also used for other teaching projects. He stressed that “two computers in one classroom are
not enough for 30 learners”. He explained that a researcher from the university in the same
town brought tablets for his learners to use during mathematics lessons, but “she is not
coming anymore, so the learners do not use tablets anymore”.

Another similar finding is that teachers from both countries highlighted the lack of
technical support and long waiting periods for technical support. SA;,; explained: “So far
we had problems with two interactive boards . .. they [Gauteng Department of Education]
sent a technician, but he was clueless ... he didn’t know what he was doing, so at the
end of the day, the problem was not solved”. At SAgchool 2, SAp2 and SAp3 explained that
they had to wait a long time for laptops and tablets to return from repairs. SA;,3 explained:
“We are not experts in technology, and therefore when something happens, in my case, for
example, the laptop crashed. I had to kind of cope without it for two months”. In Germany,
DEUj,; explained that they did not have any technicians at school and had to ask one of the
teachers who was, according to the principal, technically competent to assist them when
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the technology failed. However, they had to wait until after school or during break time
for him to attend to their needs because he could not leave his class unattended. Four
participants also stressed that the teacher-technician and the learner-technician ratio were
not favourable in the comments below:

e  “We only have one person [IT intern], but he is responsible for admin only. I'm the
one who responds to the (technical) problems whenever they arise” (SAp1).

e “So, the IT support is not really efficient; at least there’s someone . .. it’s a face. There is
only one IT technician for 32 teachers, and three IT technicians for about 1000 learners.
It would be really great to have more IT technicians to help support and to help run
things” (SApsz).

e  “There is one technician in town for 50 schools, and if you phone him, he’ll come in
one or two weeks” (DEUp;).

e  “We have an external technician who comes if we have really big problems ... Some-
times he comes fast, sometimes we have to wait [and] other times we have to call him
again because he forgets” (DEUp;3).

Correspondingly, four participants from South Africa and one from Germany ex-
plained that the lack of relevant and continuous professional development hindered their
technology integration in mathematics instruction. For instance, SAp; and DEUp3 explained
that the workshops they attended had nothing to do with incorporating educational tech-
nology in mathematics and focused merely on mathematics content. SAp,; explained the
desire for relevant continuous professional development in the next comment:

“Ineed at least two workshops a month that are aligned with the Annual Teaching
Plan [ATP] that can help me to cover the curriculum through the use of technology.
I think the workshops will help me grow because right now, I'm using my own
knowledge and experience. Let’s say we are dealing with whole numbers; then
the department [Education] must provide us with workshops [focusing on] how
to best teach whole numbers in the classroom using certain software”.

On the other hand, SAp; explained that the professional development she attended at
the Cape Teaching and Leadership Institute (CTLI) was relevant because she could apply
the skills she learned in her classroom. However, she still urged for continuous professional
development that would assist her in developing exercises using educational technology.
SA;» explained that she wanted to incorporate the programs she found online during
her mathematics lessons. However, she could not use them due to her limited technical
knowledge and skills. She (SA2) explained that there is no support, especially to advise
teachers on which applications to use during mathematics, as shown in the next comment:

“There’s nobody that’s coming to ask us, ‘Listen, why do you not try this app?’
We, as the teachers, must go and watch tutorials and stuff. There’s nobody that’s
helping us. Some nights, I'm up the whole night just watching tutorials just to
understand how a certain program works. We are busy; we must mark and do
admin. We can't still go and watch tutorials all night ... all the time ... you
know”.

Furthermore, DEU explained that she obtained basic skills at university and teacher
training for using computers, but not specifically for their use in mathematics. Thus, she
expresses the need for training on using the “whiteboard” [smartboard] in her mathematics
classroom. She also explained that “it is not clear how to use a computer, or which software
is suitable for teaching geometry”.

4.2.2. The Differences Regarding the Barriers Influencing South African and German
Teachers’ Integration of Educational Technology in Mathematics

What was different is that more barriers to integrating educational technology in
mathematics emerged in South Africa than in Germany. South African teachers reported
additional barriers such as a lack of plugs, insufficient tablet chargers, lack of WiFi, and
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lack of tablet timers. Therefore, one cannot compare the differences because these barriers
were absent in Germany but reported in South Africa. For instance, SA,3 described the
WiFi connection as “terrible, completely dead, weak and moody”. SAp3 could also not use
her laptop during the classroom observation because it was returned after some repairs
were completed the day before the interview, and all the programs she normally used for
teaching were deleted. Consequently, she had to resort to chalk and a blackboard. She
also mentioned that her learners had to share tablets because the tablets could not charge
overnight and the cage where the tablets were charged could only take 30 tablets at a time.
The lack of plugs to charge the tablets was a problem because she had 39 learners in her
classroom and only 30 learners could complete the weekly exercise of polygon shapes on
Green Shoots (MCO) on the day of the observation due to only 30 tablets being charged;
the remaining nine learners had to share tablets with other learners.

4.3. Research Question 3: How Do These Teachers” Perceptions Concerning the Use of Educational
Technology in Mathematics Compare?

Findings showed that mathematics teachers in South Africa and Germany have differ-
ent perceptions regarding the integration of educational technology into mathematics.

Only SAp; was of the view that educational technology improves his learners’ perfor-
mance “drastically” because it provides learners with extended opportunities to practise
skills, which, in turn, enhances their understanding of mathematics. On the other hand,
SAp, doubted whether educational technology had the potential to improve learner perfor-
mance because of distractions such as “pop-up videos”. Another reason for her doubting
the potential of educational technology was that she believes that her learners just guessed
answers when they were assessed using their tablets. SAp; explained: “ ... with the
technology during the online assessments, the learners like ‘eenie meenie miney mo’ [guess
answers]”. Correspondingly, DEUp,; explained that educational technology does not im-
prove the mathematics performance of learners because: “ ... in some areas of expertise,
they have to do mathematics with their hands. The computer says right or wrong. Learners
need to know why it’s right or wrong”. Similarly, SA,3 and DEU; believed that educa-
tional technology just motivated learners and changed their attitudes towards mathematics,
as shown in the following comments:

e  “They are more interested in working with maths because it’s on a device and more
willing to [do exercises] ... their attitudes change towards mathematics” (SAp3).

o  “The learners get motivated to work with stuff [educational technology]; sometimes
they do not understand (mathematics), but they want to learn because it is on a
smartphone” (DEUp3).

Interestingly, DEU},; believed that the more educational technology is used during
mathematics lessons, the more the learners” motivation decreases. Consequently, if learners
are not motivated to do mathematics, they will not perform well in the learning area.

These results show that only SA,; used educational technology because of the po-
tential benefits for teaching and learning. The rest of the participants did not believe that
educational technology improved the results of their learners. Furthermore, SAp1, SAp3,
and DEUp;3 thought that educational technology encouraged learners to develop their
problem-solving skills in mathematics, while SAp,, DEU,,1, and DEUp,; disagreed. DEUp,;
explained that: “ ... the computer is not helpful when the children have to learn how to
calculate in their head ... mental mathematics. But it can maybe help when they are doing
automatising” (DEUy).

Additionally, SAp; and SA,3 believed educational technology is important because it
provides learners with images and models that aid concept formation. As SAp; explained:
“I think educational technology is quite vital in that sense because there are things that you
have access to via the internet that you wouldn’t have in your textbook”. All South African
teachers believed that using technology was more effective than using the traditional way
of teaching. Interestingly, DEU,,3 and DEU,; felt that the traditional method of instruction
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was more effective than using technology in the classroom, as expressed in the following
comments such as:

e  “Mathematics is sometimes very complicated if a computer is used” (DEUp,).

e “We need traditional [teaching] methods. Children need to go outside and explore the
world, computers only motivate the learners, but it doesn’t really help to understand
mathematics, because mathematics is not just on your computer, it’s all around you”
(DEUp3).

4.4. Research Question 4: How Does the Use of Educational Technology Correlate with the
Mathematics Achievement of Learners When the Socioeconomic Status of the School Is
Controlled for?

Firstly, a null model without any explanatory variables was created for each country
using HLM 8.2. The purpose of the null model was to show the variance in mathematics
achievement between the schools in South Africa and Germany (see Table 2). The variance
of the null model at Level-2/school-level is 4595.67 and 1206.73 for South Africa and
Germany, respectively, which represents 4595.67/(4595.67 + 5103.27) x 100 = 47.4% (South
Africa) and 1206.73/(1206.73 + 3690.23) x 100 = 24.6% (Germany) of the total variance per
country. Moreover, the variance at school-level for both countries is significantly different
from zero (p-value < 0.001), indicating that the data is suitable for conducting analysis
using multi-level models. The variance at Level-1/learner-level is 5103.27 and 3690.23 for
South Africa and Germany, respectively, which represents 5103.27/(4595.67 + 5103.27) x
100 = 52.6% (South Africa) and 3690.23/(1206.73 + 3690.23) x 100 = 75.4% (Germany) of
the total variance per country.

Secondly, the full model (for each country) containing school- and learner-level predic-
tors was created to determine the association between the use of educational technology
and the mathematics achievement of learners (see Table 3). Gender and SES were included
in the model to control for; this is typically done in model building, as much research
has shown that gender [46,47] and SES [48-50] are significantly associated with learner
achievement, and our aim is to investigate educational technology use in a comparative
study between South African and German schools (and not to investigate gender and SES
associations with learner achievement); thus, there was a need to control for gender and SES.
The variance at Level-2/school-level is 2978.82 and 550.83 for South Africa and Germany,
respectively, which represents 2978.82/(2978.82 + 5029.82) x 100 = 37.2% (South Africa)
and 550.83/(550.83 + 3523.93) x 100 = 13.5% (Germany) of the total variance per country.
Subsequently, the variance at Level-1/learner-level is 5029.82 for South Africa and 3523.93
for Germany, respectively, which represents 5029.82/(2978.82 + 5029.82) = 62.8% (South
Africa) and 3523.93/(550.83 + 3523.93) x 100 = 86.5 % (Germany) of the total variance per
country. Furthermore, the results show significance at school-level (p < 0.001).

Table 2. Null model of South Africa and Germany.

South Africa Germany
Level Standard Variance Chi- Value Standard Variance Chi- Value
Deviation Component Square P Deviation Component Square P
Level-2 67.80 4595.67 12,055.50 <0.001 * 34.73 1206.73 1310.59  <0.001 *
Level-1 71.44 5103.27 60.74 3690.23

* Significant at a 5% level of significance.
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Table 3. Full model of South Africa and Germany.

South Africa Germany
Level Standard Variance Chi- Value Standard Variance Chi- Value
Deviation Component Square P Deviation Component Square P
Level-2 54.58 2978.82 8226.76 <0.001 * 23.46 550.83 805.81 <0.001 *
Level-1 70.92 5029.82 59.36 3523.93

* Significant at a 5% level of significance.

Next, the results of the full model, which highlights the coefficients, standard errors,
and significance levels, are illustrated (see Table 4). Only the statistically significant findings
of each country will be discussed.

Table 4. The association between using educational technology at school- and learner-level and the

mathematics achievement of learners.

South Africa

Germany

Coefficient

Standard Error  p-Value

Coefficient

Standard Error

p-Value

School-level predictors (Level-2)

Socioeconomic status of the
school

27.72

11.23 0.014 *

22.78

3.69

<0.001 *

Mathematics teachers” gender

39.95

15.90 0.013 *

—-3.28

8.95

0.715

The extent to which the
mathematics teacher is doing
activities on computers during
mathematics lessons to
support learning for the whole
class

5.49

36.42 0.880

—11.23

523

0.033 *

The extent to which the
mathematics teacher is doing
activities on computers during
mathematics lessons to
support learning for
low-performing learners

61.50

56.77 0.280

—0.64

11.74

0.957

The extent to which the
mathematics teacher is doing
activities on computers during
mathematics lessons to
support learning for
high-performing learners

—22.99

47.46 0.628

4.57

5.67

0.422

The extent to which the
mathematics teacher is doing
activities on computers during
mathematics lessons to
support learning for learners
with special needs

—46.10

57.23 0.421

—8.67

9.87

0.381

Learners’ complete
mathematics test on
computers or tablets

—2.95

4.88 0.545

3.08

2.90

0.290

Shortage or inadequacy of
technological competent staff

6.70

8.37 0.424

7.67

2.98

0.011 *

Shortage or inadequacy of
computer technology for
teaching and learning

9.15

6.96 0.189

—4.58

3.39

0.178




Sustainability 2023, 15, 4798

14 of 19

Table 4. Cont.

South Africa Germany

Coefficient Standard Error  p-Value Coefficient Standard Error  p-Value

Computer
software/applications for
mathematics instruction

8.85 6.33 0.163 1.29 3.46 0.711

Learner-level predictors (Level-1)

The learners’ gender 16.93 2.26 <0.001 * —13.09 2.64 <0.001 *

Availability of a .
comprter tablot at Rome 207 246 0.399 38.28 5.7 <0.001

Availability of an internet ~135 2.65 0.617 21.76 4.89 <0.001 *

connection at home

* Significant at a 5% level of significance.

4.4.1. School-Level Predictors

Learners taught by teachers from Germany who reported that they do activities “every
or almost every day” on computers during mathematics lessons to support learning for the
whole class were outperformed [with 11.23 points on average for mathematics] by their
counterparts who were taught by teachers who “never or almost never” use computers
during mathematic lessons to support learning for the whole class. This predictor was not
significant in South Africa.

Furthermore, learners from Germany achieved higher mathematics scores (on average
7.67 points) than their peers where the school’s capacity to provide instruction was “a little
or not at all” affected by a shortage or inadequacy of technologically competent staff.

4.4.2. Learner-Level Predictors

Findings also showed that learners from Germany who had a computer at home, as
well as those with an internet connection available at home, outperformed learners without
a computer and an internet connection at home on average, with 38.28 and 21.76 points in
mathematics, respectively. These predictors had no influence on the mathematics achieve-
ment of South African learners.

5. Discussions and Conclusions

This study firstly compared the use of educational technology in mathematics ed-
ucation in South African and German primary schools. The teachers’ and principals’
perceptions of educational technology and the barriers hindering the integration of ed-
ucational technology were also compared. Thereafter, multi-level models were used to
determine whether there is an association between the use of educational technology and
learner achievement in mathematics in these countries.

The findings showed more differences than similarities between South African and
German teachers regarding their use of educational technology in mathematics education.
For instance, findings show that teachers from both countries use educational technology as
a presentation-, reinforcement-, supplement teaching, and problem-solving tool as well as
to stimulate the learning environment. Some South African teachers used educational tech-
nology as an engagement and assessment tool, an online portfolio, and to explore concepts.
On the other hand, some teachers in Germany reported using educational technology as a
motivational tool, to do additional activities, and for demonstration purposes. A support-
ing finding emerged from Xiang [6], who found that teachers in China use technology to
explain mathematical knowledge to learners and teachers from England use technology for
demonstration purposes and as a problem-solving tool. The latter author further found
that the teachers from China and England used educational technology, such as computers,
as presentation tools to explain and justify concepts. A contrasting finding was observed
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in Turkey, where Birgin et al. [12] found that teachers mostly used educational technology
as a communication tool rather than an instructional tool. Similarly, Umugiraneza [13]
found that mathematics teachers in South Africa (KwaZulu-Natal province) mostly used
computers for administration rather than for instructional purposes.

In line with previous studies, this study found that barriers, such as the lack of
educational technology [39-42], lack of support for integrating educational technology [39],
and lack of continuous professional development [42] hindered the mathematics teachers’
actual use of educational technology in mathematics. For instance, findings revealed
that teachers from both countries could not successfully use educational technology due
to the inadequacy of computers and/or tablets, lack of technical support, long waiting
periods for technical support, and lack of continuous professional development. Similar
to previous research [46-48], all the participants explained that the lack of support, in
particular, technical support, hindered the use of educational technology in mathematics
instruction. None of the German participants mentioned internet connection as a barrier
to the integration of educational technology. This could be because the country is a first-
world country, or because schools could receive budgets for WiFi connection (as one of
the participants mentioned). However, findings revealed a different picture in South
Africa. All the South African participants mentioned that their schools require a reliable
WiFi connection. In line with previous studies [48], this study found that the current
professional development was perceived as irrelevant. Teachers from both countries
expressed the need for continuous professional development focusing on using educational
technology specifically for mathematics, since the professional development that they
attended focused on mathematics content instead of how to teach the content with the use
of technology. The literature links the lack of skills and knowledge to a lack of continuous
professional development [51,52]. Previous studies also showed that teachers could not use
technology effectively in mathematics instruction due to insufficient technology knowledge
and skills [53].

As expected, teachers from both countries had different perceptions regarding the use
of educational technology. However, two interesting perceptions will be highlighted in
this section. Previous studies found that the perception of usefulness influenced teachers’
attitudes towards using educational technology for teaching and learning [27,28]. Surpris-
ingly, only one participant was of the view that educational technology improves learner
performance. All the remaining mathematics teachers were not of the opinion that using
educational technology could improve the mathematics scores of learners. Most German
teachers were of the opinion that the traditional way of teaching mathematics is more
effective than using computers. On the other hand, most South African teachers believed
that educational technology is important since they could access content that was not
available in the textbook.

Furthermore, differences and similarities were also observed regarding the association
between the use of educational technology and learner achievement. More statistically
significant relationships were observed in Germany than in South Africa.

Findings also showed that the frequent (every or almost every day) use of comput-
ers for the whole class negatively influenced the mathematics achievement of German
learners. This finding supports that of Namome and Moodley [10], who found that math-
ematics teachers in Africa who participated in TIMSS 2015 had the opinion that the use
of computers for the whole class negatively influenced learner achievement scores. A
possible reason for lower achievement scores in mathematics could be that the learners
who are using computers frequently in mathematics rely too much on the computer to
perform calculations, and when it is time for assessment, they are not able to perform
similar calculations without the assistance of a computer. Another explanation could be
that the learners need individualised lessons on the computer, which could explain the
lower scores when the teacher uses computers to teach the whole class. This predictor did
not influence the mathematics scores of South African learners. This could be because very
few mathematics teachers in South Africa have access to computers, or are not optimally
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integrating computers in teaching and learning [54]. In Germany, a positive relationship
was also observed when learners who attended schools that were “a little or not at all”
disrupted by shortages of technically competent staff achieved higher mathematics scores.
Teachers who use educational technology in their classes might experience technical issues
at some point, which is beyond their control. In some instances, learning is interrupted
for long periods if the school does not have technically competent staff readily available
to assist teachers. In the case of Germany, learning could have continued due to readily
available technical staff. Again, this predictor did not influence the results of South African
learners.

The literature on learners’ access to educational technology at home shows mixed
results. For instance, the findings from Geesa et al. [55] showed negative relationships
when learners from South Korea and Turkey owned a computer at home. On the other
hand, and in support of the results of Geesa et al. [55], Kim [21] found that access to ICT
correlated positively with immigrant learner achievement in the United States. We found
that German learners scored higher marks in mathematics when they had a computer
at home. These learners might have used the computer under the supervision of their
parents. Furthermore, evidence shows that an internet connection positively correlates
with learners” mathematics performance [55-57]. Similarly, German learners scored higher
marks in mathematics when they had a computer and an internet connection at home. A
justification for this result is that these learners with a computer, as well as those with an
internet connection, could search for additional activities and/or tutorials which might
have expanded their mathematical knowledge. The use of a computer and an internet
connection at home had no influence on the mathematics scores of South African learners.
This could be because few learners in South Africa have access to educational technology,
especially those in economically disadvantaged areas [36].

The qualitative phase of this study was limited to two primary schools in South Africa
and Germany, with educational technology available during mathematics lessons. We
also acknowledge that the sample size is small, but this was due to the limited number
of schools (using educational technology in mathematics) in South Africa and Germany
and the researchers’ limited time in Germany. The quantitative phase of this study was
based on secondary cross-sectional data from TIMSS 2019. Consequently, this study could
not determine cause-and-effect impacts. Future researchers could use an experimental
research design to determine cause-and-effect impacts of educational technology on learner
achievement. Future studies could also include more schools in different regions of these
countries to investigate the integration of educational technology in mathematics.

This study contributes to the literature on integrating educational technology into
mathematics education. Findings derived from the study suggest that policymakers must
provide teachers with continuous professional development on technology integration in
mathematics education. Moreover, training sessions need to be personalised according to
the teachers” knowledge and skills and the school’s needs in terms of digital infrastructure.
Furthermore, policymakers need to ensure that teachers receive continuous, adequate
onsite technical support at school. This recommendation is based on the findings of this
study and is also supported by the recent literature showing a lack of technical support
in both countries; see, for example, ref. [58] for Germany and [59] for South Africa. Due
to unfavourable experiences, such as technical breakdowns and lengthy wait times for
technical assistance, it is vital that both nations have access to technical support. In addition,
it is crucial for policymakers in both nations to ensure that there are sufficient technical
personnel at schools to shorten the waiting time for teachers. This could lead to more
favourable experiences with educational technology, which could enhance the usage of
these tools in mathematics instruction.
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