
Int J Edu Sci, 21(1-3): 1-12 (2018)
10.31901/24566322.2018/21.1-3.1035DOI:

© Kamla-Raj 2018

Address for correspondence:
Hao Wu
6722, Petõfi Sándor Sgt. 30-34, Szeged, Hungary
Phone: +36702720050
E-mail: haowu@edu.u-szeged.hu

INTRODUCTION

In recent years, a large number of studies
have highlighted the importance and benefits of
technology-based assessment (TBA). A broad
range of instruments is available, including ob-
servation protocols, tests and item banks, which
can be used to assess different aspects of gen-
eral cognitive development as well as specific
skills such as scientific reasoning skills and in-
ductive reasoning skills that learners are expect-
ed to master at school (Csapó et al. 2014; Pásztor
et al. 2017; Wu and Molnár 2017). Namibia cur-
rently has a few mechanisms below the grade 12
end-of-school-year examination for measuring
the performance of the system against interna-
tional benchmarks (Ministry of Education 2007).
There seem to be no effective mechanism for
parents and other stakeholders to judge the per-
formance of individual institutions. What is more,
the end-of-school year examination does not
fully address the assessment of reasoning skills
at any level of schooling, despite calls to priori-

tize science, technology, and innovation in the
country. In primary education, the only scientif-
ic and reliable assessment that attempts to mea-
sure students’ reasoning and thinking skills are
the Standardized Achievement Tests (SATs)
that were introduced in 2009 (Iipinge and Likan-
do 2012). However, these tests too fall short of
assessing inductive reasoning skills in the
broader sense of the concept (Csapó 1997), as
they only assess students’ achievement in the
discipline of science upon completion of the
Grade 7 science curriculum, and not on inquiry
and thinking skills as needed for success in ev-
eryday life (Nemeth and Korom 2012). Few feed-
back mechanisms are in place to identify areas
of pedagogical difficulty and current testing
mechanisms are not well aligned with modern
learning and the pedagogical demands of the
twenty-first century. Beyond doubt, thinking
skills are tools to success in today’s society
characterized by rapid change, where the na-
ture of applicable knowledge changes frequently
and specific contents quickly become outdated
(De Konig 2000).

Namibia’s Vision 2030 plan was released in
2004, aimed at the rapid economic growth nec-
essary to transform Namibia into a developed
country supporting a knowledge-based econo-
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my that will provide productive employment
opportunities for the majority of its citizens by
2030. Since 2006, Namibia’s Ministry of Educa-
tion (MoE) has embarked on the Education and
Training Sector Improvement Plan (ETSIP), a
comprehensive plan developed by the MoE with
the assistance of the World Bank to improve
education as a means of meeting the goals of
Vision 2030. The basic premise of the ETSIP is
that the Namibian government must increase
learning achievement in primary and secondary
schools. The evidence (15th School Day Statis-
tics 2013) shows that despite successes in pri-
mary school enrolment and completion, most
children leave primary school without the foun-
dational skills including competencies in litera-
cy and numeracy and reasoning skills that they
ought to have acquired (MoE 2010). A study
entitled ‘Namibia Human Capital and Knowledge
Development for Economic Growth with Equity’
(Marope 2005), conducted by World Bank ex-
perts as a precursor to the development of the
ETSIP, found the following barriers to student
assessment:
1. Namibia has too few mechanisms to mea-

sure the levels of achievement and perfor-
mance of the school system, particularly at
primary level.

2. The mechanisms to provide information to
judge the performance of individual
schools is not effective.

3. The mechanisms to identify teaching and
learning difficulties and provide feedback
and assistance to individual schools about
mastering key skills and competences are
insufficient.

To overcome these constraints in the assess-
ment system, especially at the primary level, the
Directorate of National Examinations and As-
sessment (DNEA) in Namibia was tasked with
developing a sustainable, long-term assessment
system, the Standardized Achievement Tests
(SATs) (National Institute of Educational De-
velopment [NIED] 2008). However, the SATs
only assess students on Mathematics, Science,
and English in the 7th grade and on Mathematics
and English in the 5th grade. Hardly any assess-
ment of reasoning skills is involved.

It is against these backgrounds that the re-
searchers undertook this research to see how
students in Namibia perform in the inductive rea-
soning tasks and compare it with a small sample
data from China as a benchmark. Chinese stu-

dents regularly participate in the Program for
International Student Assessment (PISA) and
other international assessment programs, which
Namibia is yet to take part in. According to the
results of PISA 2012 and 2015, Chinese students
have a high level of science literacy (OECD [Or-
ganization for Economic Corporation Develop-
ment] 2014; OECD 2016; OECD 2017). In PISA
2012, Shanghai-China was ranked at number one,
in science and mathematics assessment, and
number six in problem-solving assessment
(OECD 2014); and in PISA 2015, China (Beijing,
Shanghai, Jiangsu, Guangdong) was ranked at
ten in science and six in Mathematics, its perfor-
mance remaining much higher than the average
(OECD 2016; OECD 2017). Therefore, it can be
safely said that Chinese students’ inductive rea-
soning skills are among the best in the world.

Theoretical Background

Inductive Reasoning

Inductive reasoning (IR) is a general think-
ing skill related to almost all higher-order cogni-
tive skills and processes (Csapó 1997). There is
no universally accepted definition of IR, though
several definitions have been proposed (Mol-
nár et al. 2013). A classical understanding of IR
is that IR is the process of moving from the spe-
cific to the general (Sandberg and McCullough
2010). That is to say, IR is described as the gen-
eralization of single observations and experienc-
es in order to reach general conclusions. Our IR
test is based on Klauer’s (1990) definition of IR
as discovering regularities by detecting similar-
ities, dissimilarities, or a combination of both,
with respect to attributes or relations to or be-
tween objects (Csapó et al. 2014).

In order to develop reasoning and thinking
skills effectively, the researchers need to explore
students’ inductive reasoning abilities by means
of assessment. Many studies have been con-
ducted on students’ inductive reasoning skills,
mostly in developed countries; for example, the
large-scale international assessments, Programs
for International Student Assessment (PISA)
and Trends in International Mathematics and
Science Studies (TIMSS) (Bao et al. 2009; Han
2013; Mayer et al. 2014; OECD 2017). Unlike in
China, these kind of studies are not yet known
in Namibia, where the research focus is mostly
qualitative, and hardly any research on general
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assessment and the assessing of thinking and
reasoning skills has been carried out.

Development of Inductive Reasoning Skills and
the Namibian Primary Education

The fundamental role of the process of in-
ductive reasoning for child development and its
domain-independent applicability has been
widely recognized (McShane 1991; Snow et al.
1984; Sternberg 1998; Sternberg and Gardner
1983). In Namibia, like elsewhere in the world,
the preparatory phase (Pre and lower primary
education phase, from 0-3rd grade) closely fol-
lows and stimulates the development of children
(Csapó 1997). That is, educating students aims
at supporting their gradual understanding of the
world around them (De Koning et al. 2002). For
example, education in the preparatory phase links
with age-appropriate mental representations
(Piaget 1970) and age-appropriate mental pro-
cessing capacity (De Koning et al. 2002). Fur-
thermore, the natural developmental mechanisms
are supported by the equilibration process
(Adey and Shayer 1994), causal reasoning (Gos-
wami 1998), and automating of cognitive pro-
cessing for freeing memory space. Examples of
activities in the preparatory phase of primary
education are classifying and seriating of blocks
with respect to color, form, and number and dis-
covering relationships such as action–reaction
or cause–effect with lotto cards (De Koning et
al. 2002). In Namibia, the following are some of
the activities for the pre and lower primary phase
education as found in the National syllabus:

1. Distinguish between and identify differ-
ent sounds they hear in the environment

2. Notice small differences and similarities
between environmental and verbal sounds

3. Repeat a sound pattern or clapping rhythm
correctly

4. Repeat a sequence of 3-4 words correctly
5. Listen to stories, rhymes, and songs for

enjoyment
6. Arrange pictures in the correct sequence
7. Participate in card, word and memory

games
8. Observe the whole as a meaningful entity
9. Perceive objects in the foreground and the

background and separate them meaningfully
10. Complete jigsaw puzzles up to 12 pieces
11. Observe a picture as an entity, to separate

(break up) its parts logically and bring them

together again to a meaningful whole
(Namibia, Ministry of Education 2015).

These activities require students to order
their environment by connecting units using the
definition of laws and this is inductive reason-
ing (De Koning et al. 2002).

From the pre-primary and lower primary phase
to the fourth grade of primary education onward,
such general reasoning activities may not nec-
essarily be part of the lessons. Instead, educa-
tion becomes focused on reading, writing, sci-
ence, and mathematics as well as environmental
studies, which are considered to be the main
requirements for participation in our national
society and western world. This curriculum-ori-
ented education is led by internal structures of
specific domain knowledge (example, the syntax
of the language and the metric system) and by
the domain tied cognitive processes that under-
lie efficient learning (example, distinguishing
nouns from verbs and counting) (Csapó 1997;
Klauer 1996). Findings from research on learn-
ing and information processing provide meth-
ods as to how knowledge could best be se-
quenced and what instruction procedures would
work well (De Koning et al. 2002).

The current style of transition from develop-
mentally oriented education in the preparatory
phase (pre-primary and lower primary) to curric-
ulum oriented education from the fourth grade
onward may rather be abrupt. There are increas-
ingly more complex society demands people to
handle huge amounts of information that be-
comes outdated quickly (Wu and Molnár 2017).
Therefore, students should not only be taught
considerable amounts of knowledge and skills
for reading, writing, science, and mathematics,
but they should also be equipped with general
reasoning skills to order information processing
(Hamers et al. 1998). This will enable students,
to connect bits of information into meaningful
representations and to distinguish relevant and
irrelevant information for a particular task. This
assertion is echoed by (Csapó 1997), inductive
thinking, especially analogical reasoning, is a
means of transfer - applying knowledge acquired
in one context in new situations. Research has
also found out that reading, writing, science,
and mathematics performances are dependent
on general reasoning skills (De Koning and Hamers
2016).



4 LINUS KAMBEYO AND HAO WU

Technology-based Assessment

Expectations of the outcomes of education
in the twenty-first century are increasingly fo-
cusing on the higher order thinking skills of syn-
thesis, analysis and evaluation (Osborne 2013),
yet school science education is still dominated
by lower-level cognitive demands, in particular
recall. Technology-based assessment has proved
a promising innovation to overcome these prob-
lems. Nevertheless, it has its own constraints,
such as the provision of basic technology infra-
structure by the government and all the stake-
holders involved in public education. Technol-
ogy has great potential for assessing thinking
skills because of its innovative item design and
data processing capacity (Csapó et al. 2012a,b).
This idea is in line with Namibia’s Information
and Communications Technology (ICT) policy
introduced in 2001 (Ministry of Basic Educa-
tion, Sport, and Culture 2001), whose purpose is
“to prepare all Namibia’s learners, students,
teachers, and communities of today for the world
economy of tomorrow”. According to the poli-
cy, “as  the researchers move towards a knowl-
edge-based development paradigm integrating
ICT education and training into the education
and training system, issues of access to the lo-
cal and global pool of knowledge and informa-
tion become paramount” (Ministry of Basic Ed-
ucation, Sport, and Culture 2001).

Research Objectives

The main objective of this study was to ex-
amine the inductive reasoning abilities of Namib-
ian students from the selected school in Oshana
region and comparing it with data from a small
Chinese sample as an indicative benchmark. The
researchers also wished to explore the possibil-
ities of online assessment in Namibia.

Hypotheses

Based on the background information, the
following hypotheses were made:

Hypothesis 1

Technology-based assessment can be Fea-
sible and Reliable in Namibia.

Since Namibia has never been involved in
any international large-scale educational assess-
ment projects that are based on the TBA before,
it is necessary, first, to prove whether the online
assessment is feasible and reliable in the Namib-
ian context.

Hypothesis 2

Students’ inductive reasoning skills grow
along with their Grade progression.

Students’ thinking and reasoning skills will
grow with a good education. Education in Namib-
ia effectively supports students to enhance their
inductive reasoning skills.

Hypothesis 3

There is no significant difference in induc-
tive reasoning skills test performance between
genders.

Hypothesis 4

There will be the statistically significant dif-
ference in performance between the benchmark
samples and the research samples from Namibia.

Namibian students have not yet had an op-
portunity to compete with international stu-
dents. There is, therefore, no enough direct data
to support this hypothesis so far. However, as
pointed out above, China has been one of the
top performers in the PISA 2012 and 2015 in math-
ematics, science and problem-solving assess-
ment. In consideration of this situation, the re-
searchers expect the benchmark sample (Chinese
students) to perform better in inductive reason-
ing than Namibian samples.

METHODOLOGY

Research Context

The research took place in Oshana region
(Namibia), where research participants were as-
sessed in inductive reasoning skills tasks. Due
to of lack of computer labs (ICT infrastructures)
at the schools where the participants were from,
students were ferried to nearby University of
Namibia computer labs to write the test online.
Although all the participants were from urban
schools, no fully functional computer labs were
found at these schools. If schools have com-
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puters, the machines are either out of order or
there is no reliable internet connectivity. The
Electronic Diagnostic Assessment (eDia) plat-
form was used to collect the data.

Participants

The sample of the study was drawn from the
fifth and seventh graders (N=621; 268 boys; 348
girls; age M=12.40, SD=1.19) from five different
schools. For grade 5, the sample was N=275 (121
boys; 152 girls, age M=11.19, SD=.68), while the
grade 7 were 346 (147 boys; 196 girls, age
M=13.23, SD=.61).

The Chinese participants (N=50; 27 boys; 23
girls) were in the same age group as the partici-
pants from Namibia (age mean=12.28, standard
deviation (SD=.50). However, due to the differ-
ent educational system, the Chinese participants
were sixth graders, which is the last grade for
the primary school, while in Namibia; the last
grade of primary school is grade 7.

Instruments

The study was based on inductive reason-
ing skills (IR) that measure different thinking

skills essential for learning in general and learn-
ing science. A background questionnaire, such
as mothers’ level of education was also given to
students.

The IR test is based on Klauer’s (1990) defi-
nition of IR as discovering regularities by de-
tecting similarities, dissimilarities, or a combina-
tion of both, with respect to attributes or rela-
tions to or between objects (Csapó et al. 2014).
See Figure 1 for Klauer’s definition and genealo-
gy of tasks in inductive reasoning.

The inductive reasoning test administered
in Namibia consisted of 56 items, while the test
prepared for Chinese samples contained 53 items.
The two test versions contained 42 anchoring
items, allowing achievement scores to be repre-
sented on a single scale. This enabled us to use
the Rasch model to further analyze the results. The
test is developed by Research Group on the De-
velopment of Competencies of the University of
Szeged. The original test is in Hungarian, and con-
sist of four subtests, which are figural series, figur-
al analogy, number analogy, number series (Fig. 2)
(Pásztor et al. 2017). The texts were translated from
the Hungarian language into English and simpli-
fied Chinese. Figure 2 (Pasztor et al. 2017) shows
the sample items from each sub-constructs.

Fig. 1. Klauers’ genealogy of tasks in inductive reasoning
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RESULTS

Psychometric Properties

The reliability for the assessment of the sam-
ple from Namibia was high (Cronbach alpha:
0.846). Participants’ score distribution confirmed
the applicability of the test, which proved that
online assessment is feasible and reliable when
conducted in Namibia. Thus hypothesis 1 has
been supported by the results. The overall abil-
ity level of Namibian samples was low (Mean -
1.38 and SD: 0.843). The maximum and minimum
stood at 1.91 and -5.37 respectively. The grade
five ability level mean was -1.44 and standard
deviation (SD) was at 0.89, while the grade 7
ability stood at -1.32 and SD: 0.80. In terms of
gender ability, the male mean was at -1.32 with
the SD at 0.95, while the female ability level mean
was -1.41, the SD is 0.72. In comparison, with the
benchmark sample, the Cronbach alpha was .725,
while the maximum and minimum scores were
4.56 and 0.70, respectively. The overall ability

level mean was higher than that of the Namibian
sample, 2.17, with SD of 0.828.

The Inductive Reasoning Development in Grade
5 and 7

Figure 3 shows the ability level growth for
grade 5 and 7 samples from Namibia in inductive
reasoning.

Figure 3 indicate that the samples’ ability
level in inductive reasoning at grade 7 was 0.124
higher than that of the fifth graders. No signif-
icant difference was found between the grades
(t=1.822, p>.05) which means fifth graders and
seventh graders achieved statistically equal
performance in the assessment. Therefore, hy-
pothesis 2 was not confirmed.

Comparison between Benchmark Samples

From the benchmark sample, Chinese sam-
ples produced a much better performance than

Fig. 2. Sample items

Continue the line!
Which picture fits the most to the blank frame? Drag it theral What could be the rule?

Which picture fits the most to the blank frame? Drat it there!

Previous         1. Figural Series                      Next Previous         2. Figural Analogy                  Next

What could be the rule?
Which number fits the most to the blank frame? Drag it there! Continue the line!

Drag those numbers to the blank frames which complete the number line the best!

Previous         3. Number Analogy                  Next Previous         4. Number Series                 Next
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the Namibian samples. Chinese samples’ mean
ability level was 3.55 higher than that of Namib-
ian students. The difference is extremely signif-
icant (t=28.684, p<.001). The benchmark samples
found the items extremely easy while the re-
search participants found the items extremely
hard (See Fig. 4) Wright item person maps. For
Chinese students, each ‘x’ represent 0.1 cases,
the students from Oshana region, Namibia each
‘x’ represents 1.1 cases, and the numbers repre-
sent the item numbers on the test used. There
were 42 anchoring items common to both as-
sessments that enabled us to do this analysis).
In addition, the differences between genders
from both samples are reported in Table 1.

The best performing group in inductive rea-
soning was Chinese males’ samples, followed
by Chinese female’s samples. Males performed
better than the females in both samples, but there
was no statistically significant gender difference
in either sample.

Chinese students also performed significant-
ly better on each subtest level (figural series:
t=21.063, p<.001, figural analogy: t=16.469,
p<.001, number analogy: t=18.859, p<.001 and
number series: t=18.536, p<.001). Further analy-
sis was conducted, whereby the samples’ abili-
ties were compared via different variables. A four-

dimension comparison model was used (see Ta-
ble 2) on the subtest level.

According to the model, Chinese samples
showed significant better ability levels in every
single subtest, which means hypothesis 4 has
been strongly supported by the results. It is also
worth noting that the Chinese samples performed
extremely well compared to the research sam-
ples in numerical reasoning (number series and
number analogy items). These results may be
attributed to the good education system that
China has in place. In the PISA tests, too, Chi-
nese students have always outperformed other
nations in mathematics- and science-related
questions. As for the gender difference, in most
cases, males’ performance is better than females
(except Chinese females are better than males
are in the numerical analogy), but still there was
no significant difference found. Therefore, hy-
pothesis 3 was proved by the results.

DISCUSSION

The research aims were to examine the feasi-
bility and reliability of technology-based assess-
ment in Oshana region, and the students’ abili-
ties in inductive reasoning. As indicated above,
the test showed high internal consistencies in

Fig. 3. Ability level growth in inductive reasoning

1                       2                          3                        4                          5                           6                         7                         8

Grade

Mean difference: .124

1.5

1

0.5
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Namibia (Cronbach alpha for inductive reason-
ing: 0.846), which is a very good indicator for a
starter. Consequently, research have indicated
that the skills considered most essential in our
modern societies are often called 21st century
skills (Molnár et al. 2017; Csapó and Funke 2017).
Problem solving is clearly one of them. Students
are expected to work in novel environments, face
problems they have never seen and apply do-
main-general reasoning skills such as inductive
reasoning skills, which are not tied to specific
contents (Pasztor et al. 2017). Computerized dy-
namic problem solving can be used to create
such an interactive problem situation in order to
assess these skills. It may therefore form the
basis for a type of assessment, which helps an-
swer the question of how well schools are pre-
paring their students for an unknown future. This
paper shows how education systems (specially
the Namibian education system) may benefit
from such an assessment. This proved that tech-
nology-based assessment is feasible and reli-
able in Namibia, even though some of the
schools where the participants were from do not
have adequate ICT facilities. The results of the
studies conform to the current research commu-
nities that support the proposition that induc-
tive reasoning develops during a broad age range
and that the developmental process covers the
whole period of elementary and secondary ed-
ucation (Csapó  and Funke 2017; Kambeyo and
Csapó  2017).

 Furthermore, this result indicates that re-
search participants may not have explicit induc-
tive reasoning training in this age-range at school,
which suggests that the education curriculum may
need to look into this aspect of reasoning. The
considerable low performance in the reasoning
skills test can be attributed to school instruction,
especially the mathematics skills acquired during
the primary school years. The proportion tasks
for figure and number analogies as well as figure
series and number series and can be considered
one of the basic forms of numeric or mathematics,
however, the performance was low, see the re-
sults (overall mean ability). This is particularly so
because research has indicated that this age range
is the stage at which students can evince the
fastest growth in their thinking and reasoning
skills (Molnár et al. 2013).

CONCLUSION

Although the results may not be general-
ized, as this case was restricted to the OshanaTa
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region, the online assessment tool for inductive
reasoning skills proved to be reliable as well as
feasible in Namibia. The research participants
mean performance was low, this suggests the
need to try out the test in the older age group. In
terms of gender performance, no statistically sig-
nificant difference was found in either sample.
The study was one of the first attempts to carry
out an online assessment at primary school lev-
el in Namibia. The results indicate that technol-
ogy-based assessment may provide schools and
teachers a user-friendly instrument for monitor-
ing the development of students’ thinking skills.

The low performance and the low ability lev-
el of the research participants from Namibia as
compared to the benchmark samples suggest
that the Namibian primary education system
needs to improve in enhancing students’ induc-
tive reasoning ability. Furthermore, the comput-
erized test environment was probably unfamiliar
to the research participants, but to what extent,
that has not yet been established. However,
there is empirical evidence to support the idea
that this kind of test (inductive reasoning) is not
affected by the medium involved.

RECOMMENDATIONS

Based on the results, the education system
in Namibia should put emphasis on the devel-
opment of reasoning and thinking skills. Improv-
ing reasoning skills has always been one of the
most prominent goals of education, but practi-
cal constraints have stood in the way. However,
research has shown that there are additional
ways to significantly and effectively develop
thinking skills, for instance, by explicit training
of teachers or by enriching school materials and
modifying teaching and instructional methods.
For that reason, it might be useful to devise a
training program in inductive reasoning in
Namibia. Further research in Namibia in this as-
pect is encouraged, and it should have more
sample for the results to be representative. Giv-
en the fact that China has always performed ex-
ceptionally well in reading, science, and mathe-
matics in international assessment programs
such as PISA and TIMMS, the Namibians might
also learn a thing or two from the Chinese edu-
cation system, so as to improve and enhance
the reasoning and thinking skills of the Namibi-
an child.

Educational Implications

The present study contributes to the recent-
ly re-opened debate on the role of general-pur-
pose and cross-curricular abilities in achieving
successful participation in the 21st century’s
western society and on the limitations associat-
ed with understanding only specific abilities
such as reading, writing, and math. The poten-
tial lying in reasoning skills such as inductive
reasoning and problem-solving as educational-
ly relevant constructs that can and should be
fostered successfully over several years during
compulsory schooling.
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