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Abstract

The purpose of the presented study is to present research conducted in the
conditions of vocational education in the Slovak Republic, aimed to assess the
effectiveness of the use of interactive whiteboards for teaching vocational sub-
jects. The main method of research was the pedagogical experiment; another
method used was the questionnaire method. The authors’ research findings
give evidence that students obtained significantly better results in acquired
knowledge and skills when interactive whiteboards were used for teaching
than when taught traditionally. The authors also present recommendations for
teaching practice in Slovakia.

Keywords: vocational education, interactive whiteboard, effectiveness of teaching,
pedagogical experiment

Introduction

A modern vocational school should, in the first place, teach students critical
thinking, it should develop their ability to solve problems, and a more intense link
to practice appears desirable. Vocational schools are influenced by technological
development having, on the one hand, an impact on co-operation among schools,
which is faster, more effective and less expensive in the electronic form (commu-
nication via e-mail, telebridges or other on-line transmissions of data) and, on the
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other hand, also on students, the contemporary student generation being often
called the “net-generation”. It is necessary to fully adapt the educational process
at vocational schools to these facts, in particular, by the application of current
technological possibilities including also teaching with the use of interactive
whiteboards.

The subject-matter of pedagogical research was to assess the impact of the use
of interactive whiteboards for teaching vocational subjects at secondary vocational
schools on students’ acquired knowledge and skills, as well as to evaluate their
effect on the quality of the teaching process in relation to students’ motivation for
learning. Application of modern ICT-based resources consisting in examination
of the technological environment from the point of view of its interactivity ena-
bles students’ active involvement in the teaching process. In this view, creation of
an open environment is promoted, responding to students’ complex behaviour,
so-called interactivity and also multimedia presentation of knowledge.

New possibilities in technologies have gradually made teachers’ work easier
and lessons more interesting and attractive for students (Hasajovd, 2014). The
technology of interactive teaching by means of interactive whiteboards is the
highest degree of object-teaching which is enriched by elements of interactivity.
Thus, the teacher and students actively enter into the teaching process and are able
to influence and adapt it to current needs. Interactive whiteboards have become
a worldwide phenomenon and recently they have been increasingly applied also
in the conditions of vocational education in Slovakia. There is a great number of
research studies worldwide, dealing with the effectiveness, but also pitfalls, of the
use of interactive whiteboards in the educational process. Since 2006, the BESA
(British Educational Suppliers Association) has been putting through the idea that
every classroom in British schools should be equipped with an interactive white-
board (Kennewell, 2006). The effectiveness of the use of interactive whiteboards
for teaching the subjects English Language, Mathematics and Sciences was studied
by G. Moss et al. (2007). Their research concerned students’ motivation, behaviour,
engagement and learning in the classroom using an interactive whiteboard. The
results of the research indicated that most teachers used interactive whiteboards
only as a supportive medium of traditional teaching. Only a minority of teachers
perceived the interactive whiteboard technology as a possibility to innovate their
own teaching methods and procedures. The most innovative teachers were those
who had the most experience with the use of interactive whiteboards. The research
results also showed that the use of interactive whiteboards varied also depending
on the subject taught. The authors of the research explained the fact by different
availability of educational interactive programs for individual subjects. Almost
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78% of the teachers reported that they prepared materials for interactive lessons
themselves and only 42% of the teachers used official teaching software. The effect
of interactive whiteboards on students’ learning and activity in the teaching pro-
cess was studied by S. Kennewell and G. Beauchamp (2003). They found out that
teaching with the use of interactive whiteboards intensely helped to attract and
retain students’ attention. Students were considerably more active at such lessons
than at traditional ones. Research carried out in the USA by Dantzker (2002)
showed that almost 75% of students reported that the interactive whiteboard
considerably helped them in the learning process. Research results by P. Joaquin
and ML.I. Iglesias (2010) indicated that an interactive whiteboard in combination
with students’ activity aroused by problem solving and by discussion created
a constructive climate in the learning process. On the initiative of the European
Commission (EC), European Schoolnet and University of Liege, a survey was
carried out in 2011 and 2012, focused on the use of information-communications
technologies in education, preferentially at European schools (Gogova, 2014). In
relation to the use of interactive whiteboards at vocational schools, the most inter-
active whiteboards per student are used in Norway, i. e., 28 students per interactive
whiteboard. Slovakia was placed below the European average with 200 students
per interactive whiteboard. According to the mentioned research, at Slovak voca-
tional schools, interactive whiteboards are used for teaching 27% of students at
least once a week. The above facts relating to vocational education in Slovakia are
a good starting point for the aim of the presented research study.

Research Methodology

Research goal

The main goal of the research was to acquire, quantify and analyze the knowl-
edge about the use of interactive whiteboards at selected secondary vocational
schools.

Research hypotheses

The following hypotheses were set up in our research:

H1: The teachers using an interactive whiteboard for teaching for a longer
time need less time to prepare for the lesson taught using an interactive
whiteboard.

H2: The frequency of using an interactive whiteboard is higher among the
teachers who have attended training in the work with an interactive
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whiteboard than among the teachers who have not attended such train-
ing.

H3: Students of experimental groups, where an interactive whiteboard is used
for teaching, perform better in a didactic test than students of control
groups, where no interactive whiteboard is used for teaching.

Selected sample and organization of research

The research sample is represented by two basic groups of respondents, i.e.,
teachers and students of secondary vocational schools situated in three districts
of Slovakia. Schools in a specific district were selected by stratified sampling. The
stratification category was the number of students at the secondary vocational
school above 200. The research was carried out in five secondary vocational
schools in the towns: Pribenik, Kralovsky Chlmec, Michalovce and Kosice. The
research involved a total of 182 teachers,among whom there were 76 men (41.8%)
and 106 women (58.2%) and a total of 226 students, among whom there were 167
(73.9%) boys and 59 (26.1%) girls. The research was carried out from December
2013 to December 2014; in 2015 the results obtained were processed and assessed.

Research methods

The following research methods were used in the research:

e Analysis and synthesis of knowledge from the literature dealing with the
use of interactive whiteboards for teaching;

¢ Questionnaire method - to find out students’ and teachers’ opinions on and
attitudes towards teaching with interactive whiteboards;

e Pedagogical experiment — to compare teaching results in the control and
experimental groups of students;

e Mathematical and statistical methods - to evaluate research results by the
Data Analysis application in the Microsoft Excel program.

Research methodology

Within the pedagogical experiment, two groups of respondents were formed:
a control group and an experimental group. The control group consisted of 23
students and the experimental one of 22 students. The control group was taught
traditionally, without the use of an interactive whiteboard, and in the experimental
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group, an interactive whiteboard was used at lessons. The extent of the subject
matter learnt of the thematic unit “Combined Transportation” in the subject
Exercises in Logistics in Transportation was assessed by a didactic test.

An anonymous questionnaire was designed for the teachers, containing 20
items, 5 of which were closed-ended questions with “Other” and 15 closed-ended
questions. The set of closed-ended items included three two-choice items. The
other closed-ended items were multiple-choice ones. The closed-ended questions
with “Other” enabled the respondents to choose one of the given options while
enabling them to give their own opinion. The questionnaire contained data
required for the questionnaire processing and evaluation, which were included in
Item 21. Items 2 and 3 explored the teachers’ access to computers in school. Items
4,5 and 6 explored how the school was equipped with interactive whiteboards.
Items 7,9, 10, 11, 14 and 15 explored the use of interactive whiteboards at lessons.
Item 12 explored the subject where an interactive whiteboard was used and Item
19 explored the development of students’ competences. Items 13 and 18 explored
how the use of an interactive whiteboard influenced the students’ attitude to the
given subject. In Item 8, we wanted to get to know also whether the teachers had
attended training in the use of interactive whiteboards. The advantages and disad-
vantages of the use of interactive whiteboards were explored by Items 16 and 17.
Demands of preparation for lessons were derived from answers to Item 20.

Our self-designed questionnaire for the students consisted of 9 closed-ended
items. Item 1 explored how many vocational subjects used an interactive white-
board. Items 3, 4, 5, 6, 7 and 8 asked the students whether there was any shift in
them in some indicators: it was easier for them to remember the subject matter,
they had no problem to present themselves in front of the class, they were able to
co-operate with their fellow students in solving tasks, they were able to concentrate
better on the subject matter taught, they had no problem to ask if they did not
understand something, they had to search for information more on their own to
tackle tasks. Items 2 and 9 explored the frequency and demands of work with an
interactive whiteboard.

Research Results

Analysis of results of the pedagogical experiment and questionnaire

survey

To check the students’ knowledge of the subject matter taught, a didactic test
was used, containing 21 tasks. The maximum score was 45.
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Verification of the research hypothesis H1:

H1: The teachers using an interactive whiteboard for teaching for a longer
time need less time to prepare for the lesson taught using an interactive
whiteboard.

Processing method:

To test the hypothesis on the assumption that the basic data sets were of an
approximately normal distribution, a correlation coeflicient was used. The first
examined data set, “the length of time of the interactive whiteboard use,” was com-
pared with the second examined data set, “time spent to prepare for the lesson”
The values obtained by questionnaire surveys are presented in Table 1.

Table 1. Time spent preparing for the lesson

Length of time of the interactive whiteboard use

Time spent preparing Less than More than

for the lesson 12 months 13-24months 4 onths Total = ni
1 hour 15 9 4 28
2 hours 24 12 11 47
3 and more hours 17 16 7 40
Total - nj. 56 37 22 115

Source: own processing.

After calculation and subsequent analysis, the correlation coefficient resulting
value of the compared data sets was k=0.741. Since the assumption of fulfilled
conditions of a strong correlation was a correlation coefficient within the closed
interval of 0.8 <k <1, with regard to the calculated value, a moderate or weak
correlation between the samples was stated. No strong correlation was confirmed,
thus no very close connection between the data sets studied could be confirmed.

The hypothesis H1 was not confirmed, which means that the teachers using an
interactive whiteboard for teaching for a longer time do not need less time to prepare
for the lesson taught using an interactive whiteboard.

Verification of the research hypothesis H2:

H2: The frequency of using an interactive whiteboard is higher among the
teachers who have attended training in the work with an interactive
whiteboard than among the teachers who have not attended such
training.
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Processing method:
To test the hypothesis, the non-parametric Wilcoxon rank two-sample test was
used (and/or the Mann-Whitney U-test).

Table 2. Frequency of using an interactive whiteboard

Frequency of using an interactive whiteboard

Training attend-

ance 1x/month 4x/month 12x/month 20x/month Total
Yes 18 17 19 35 89
No 8 6 7 5 26
Total 26 23 26 40 115

Source: own processing.

Values for testing the dependence of the frequency of using an interactive
whiteboard on training attendance are presented in Table 2. The values were
arranged in a non-descending order, thus a combined sample was obtained. The
combined sample values were assigned a numeric rank. The same values were
assigned the same numeric rank calculated as the arithmetic mean of the ranks
the values would be assigned were they not the same. Totals were calculated of the
control groups T rank values and of the experimental group’s T, ranks, respec-
tively. Values of the U; and U, characteristics were calculated, where m was the
number of the control group students and n was the number of the experimental
group students.

Uij=m.n+m(m+1)/2 - T;=1691 (1)
U=m.n+n(n+1)/2 - T, =623 (2)

The value of the testing criterion Uy =min (U;, U2) =623. The hypothesis Hy
was rejected at the significance level a = 0.05, if Uy < U,, where U, was the critical
value of the Wilcoxon two-sample test. The critical value for m=89 was 623 < 935.
With regard to the statistical methods used and the values calculated, the validity
of the hypothesis H2 was confirmed. Since the testing criterion value Uy was
623 <935, the tested hypothesis Hy was rejected at the significance level & =0.05
in favour of the alternative hypothesis H1, which means that the validity of the
hypothesis H2 was confirmed, thus a statistically significant difference between the
frequency of using IT and the training attendance was proved.
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The hypothesis H2 was confirmed, which means that the frequency of using an
interactive whiteboard is higher among the teachers who have attended training in
the work with an interactive whiteboard than among the teachers who have not
attended such training.

Verification of the research hypothesis H3:

H3: Students of experimental groups, where an interactive whiteboard is used
for teaching, perform better in a didactic test than students of control
groups, where no interactive whiteboard is used for teaching.

Processing method:

Within the pedagogical experiment, a didactic test with 21 tasks was used to
check the students’ knowledge of the subject matter taught. The maximum test score
a student could obtain was 45. As mentioned above, the students were divided into 2
groups, according to whether or not an interactive whiteboard was used for teaching.
With regard to the comparison of the observed samples, Table 3 presents selected
characteristics normally evaluated in the analysis of students’ performance.

Table 3. Summary of selected characteristics of the didactic test for the control
and the experimental group samples

Control group  Experimental group

Maximum (Xmax) 38 39
Minimum (Xpin) 12 16
Arithmetic mean (x) 23 32
Median (M,) 25 34 and 38
Mode (M,) 12 34
Variance (%) 91.91 37.289
Standard deviation (o) 9.59 6.11
Test score in % 51.11% 71.72
Number of students with more than 70% achievement 5 15
Relative number of with more than 70% achievement 21.74 % 68.18 %
Average mark in the test 3.52 2.55
Average mark at the end of mid-year 3.48 2.41

Source: own processing.

The control group’s standard deviation ox = 9.59 is greater than the experimental
group’s standard deviation ox = 6.11. There is no evidence of a significant difference
between the mark at the end of the evaluation period of the students and the mark
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in the didactic test in the control and experimental groups. On the basis of the
results in the didactic test and the summary evaluation, it can be stated that the
students in the experimental group have a better level of knowledge.

To verify the hypothesis, the non-parametric Wilcoxon rank two-sample test
(and/or the Mann — Whitney U-test) was used.

The didactic test results of the control group students and the experimental
group students were verified by a method similar to the verification of the second
hypothesis. Totals were calculated of the control group’s T rank values and of the
experimental group’s T ranks, respectively. Values of the U, and U, characteristics
were calculated, where m was the number of the control group students and n was
the number of the experimental group students.

U;=m.n+m(m+1)/2 - T; =394 (3)
U,=m.an+n(n+1)/2 - T,=112 (4)

The value of the testing criterion U, = min (Uj, U) = 112. The hypothesis Hy
was rejected at the significance level a = 0.05, if Uy < U,, where U, was the critical
value of the Wilcoxon two-sample test. The critical value for m =23, n =22 was
Uo.05 =149. With regard to the statistical methods used and the values calculated,
the validity of the hypothesis H3 was confirmed. Since the testing criterion value
Up was 112149, the tested hypothesis Hy was rejected at the significance level
a=0.05 in favour of the alternative hypothesis H1, which means that the validity
of the hypothesis H3 was confirmed, thus a statistically significant difference was
proved between the test results of the students in the respective groups.

The hypothesis H3 was confirmed, thus students in experimental groups, where an
interactive whiteboard is used for teaching, perform better in the test than students
in control groups, where no interactive whiteboard is used for teaching.

Discussion

Summary of research results and recommendations for teaching practice
The research results show that the use of interactive whiteboards does not
improve students’ learning outcomes rapidly. The recorded learning outcomes of
the students using an interactive whiteboard were not significantly worse than the
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learning outcomes of the students not using any. However, it is obvious that inter-
activity considerably influences the learning process of students. On the basis of
the analysis of the teachers’ questionnaire results, it can be established that 59.4%
of the teachers use an interactive whiteboard for teaching vocational subjects. Out
of the total number of teachers using an interactive whiteboard, up to 31.3% also
use interactive software. Interactive whiteboards are used by the teachers at all
stages of the lesson approximately evenly; most, up to 37.7% of the teachers, use
them at the stage of new knowledge acquisition. The most significant advantage
according to the teachers is that interactive whiteboards enable more visual pres-
entation of the subject matter; up to 29.9% of the teachers are of the opinion. The
major disadvantage according to the teachers is a shortage of interactive software;
therefore up to 49.7% of the teachers develop their own teaching material. Inter-
active whiteboards are beneficial also for their use increasing students’ motivation
and interest in the subject matter taught. This opinion is presented by 23.1% of the
teachers. Out of the total number, up to 63.2% of the teachers use an interactive
whiteboard for teaching regularly, and out of this number, 77.39 % of the teachers
have attended training in the use of interactive whiteboards. It is obvious from the
results of the questionnaire for students that interactive whiteboards significantly
motivate students to study vocational subjects. The results show that 42.9% of the
students see advantage in the possibility to present their knowledge and skills in
front of the class untraditionally, 24.7% of the students can remember the subject
matter better, 26.5% report that they are led to work in groups and 32.9% of the
students declare that they can concentrate on the lesson better.

Conclusions

The research results show that the students of the experimental group, where
an interactive whiteboard is used for teaching, have a better level of acquired
knowledge and their motivation to learn is significantly higher. On the basis of
our findings the following recommendations are formulated for teaching practice:

e Provide opportunities for the development of vocational subject teachers’
skills in work with interactive whiteboards within their continual education,
because the frequency of using an interactive whiteboard is higher among
teachers who are trained in working with interactive whiteboards;

e Support teachers of vocational subjects in their use of interactive white-
boards because the research does not confirm their apprehension about
greater demands and complexity of preparation for teaching;
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e Increase the use of interactive whiteboards for teaching vocational subjects
because the research confirms that students achieve a better level of knowl-
edge where interactive whiteboards are used for teaching and interactivity
considerably influences the students’ learning process.

References

Dantzker, G. (2002). Student perception of the use and educational value of technology
at the STCC Star Pocety campus: Implications for technology planning. Educational
Resources Information Centre., 2002. 39 pp. [online]. [cit. 2015-03-31]. http://www.
eric.ed.gov/PDFS/ED463028.pdf

Hasajova, L. (2014). Neurovedné siete, zaklad nielen matematickych, biologickych $truk-
tar. In: Edukacia akcentujica docenenie mozgu : Vyskumnd tloha KEGA 003UKF-
4/2012. Dubnica nad Vahom: Dubnicky technologicky institat, 2014. pp. 50-82. ISBN
978-80-89400-62-1.

Gogova, L. (2014). Vyuzivanie informa¢no-komunika¢nych technolégii v eurépskych
krajindch - aktudlny stav. In: Implementacia modernych technoldgii do vyucby
odborného cudzieho jazyka. PreSov: PreSovskd univerzita v Presove, 2014, pp. 21-31.
ISBN 978-80-555-1071-2.

Joaquin, P, Iglesias, M. (2010): La pizarra digital interactiva (PDI) en la educacién (manual
imprescindible). Madrid: Anaya Multimedia, 2010. 448 pp. ISBN 978-84-4152-785-0.

Kennewell, S., Beauchamp, G. (2003). The influence of a technology - rich classroom
environment on elementary teachers’ pedagogy and children’s learning. In: CRPIT "03
Proceedings of the international federation for information processing working group
3.5 open conference on Young children and learning technologies. Volume 34, 2003.
Pages 71-76.1SBN1-920682-16-3. [online]. [cit. 2015-02-17]. http://portal.acm.org/
citation.cfm?id=1082071&preflayout=flat

Kennewell, S. (2006). Reflections on the interactive whiteboard phenomenon: A synthesis
of research from the UK Swansea School of Education. In: Australian Assocation for
Research in Education. Adelaide, 2006. 10 p. [online]. [cit. 2015-04-10]. http://www.
aare.edu.au/06pap/ken06138.pd

Moss, G., Jewitt, C., Levaci¢, R., Armstrong, V., Cardini, A., Castle, E. (2007). The Interac-
tive Whiteboards, Pedagogy and Pupil Performance Evaluation: An Evaluation of the
Schools Whiteboard Expansion (SWE) Project: London Challenge. London: University
of London, Institute of Education, 2007. 164 s. [online]. [cit. 2015-04-17]. https://www.
education.gov.uk/publications/standard/publicationdetail/page1/RR816

Survey of Schools: ICT in Education Benchmarking Access, Use and Attitudes to Tech-
nology in Europe’s Schools. Final study report. A study prepared for the European
Commission DG Communications Networks, Content &Technology, European Union,
2013. ISBN 978-92-79-28121-1 [online]. [cit. 2015-03-28]. http://ec.europa.eu/
digital-agenda/sites/digital-agenda/files/KK-31-13-401-EN-N.pdf.



