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Abstract

Many find it impossible to think of science education without practical work, stating that
it is an essential part for effective teaching. Whilst there is much research in the area
of practical work in secondary school there has been little research on how practical
work enhances undergraduate students’ conceptual knowledge and motivation as
part of their science degree syllabus.

This case study research will be conducted at a university in England and will explore
the effectiveness of practical work in terms of developing conceptual understanding,
and its affective value in terms of motivation and personal interest in biology, chemistry
and physics amongst undergraduate students. A presentation of the associated
literature is presented along with the rationale behind the research.
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1. Introduction

A number of educators have directly related the teaching of sciences with the
performance of practical tasks, deeming the two as inseparable [1], [2]. Whilst a big
part of the literature has been concerned with practical work in secondary education,
there has not yet been enough research on the impact of practical work in the
teaching of sciences at university level [3]. Moreover, there is a lack of empirical
evidence on how practical work contributes to the understanding of science concepts
and undergraduates’ motivation during their studies. Apart from being financially more
expensive that alternative methods of teaching, practical work requires a lot of time and
effort. Financial resources invested in equipment and consumables and in appointing
trained laboratory staff and going through bureaucratic procedures concerning ethical
clearance and health and safety should at least carry advantages that outweigh lecture-
based science teaching [4]. In addition, practical work contributes to the increase of
tuition fees for international students between science degrees and those in art and
social science [5], as practical work is one of the most costly aspects of science
education [6]. Despite claims that practical work does motivate and contribute in the
understanding of science knowledge [7] ,albeit many of these claims lack research-
based evidence, a more critical view has emerged showing no evidence of correlation
between practical work and science conceptual understanding [8, 9, 10].

Furthermore, although there have been very few studies into the effectiveness of
practical work at university level, none of these provide any support for the suggested
purpose of practical work apart from them being an important part of the science
syllabus [11], [12].
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Taking into consideration that for undergraduate students, science is being studied
by choice, in contrast to secondary school students who, in the Untied Kingdom,
are compulsory required to study sciences up to the age of 16, it is anticipated that
practical work might motivate undergraduates to study science as it has been reported
that practical work is one of the most enjoyable aspects of studying science [13].

The purpose of practical work and the arguments concerning conceptual knowledge
and affective value are now considered along with the rationale behind the research
study being conducted.

1.1 The purpose of practical work

Much of the literature regarding practical work has been concerned with secondary
education. However, it has been argued that the findings can be similarly applied to
university level education and that the purpose of practical work at university has
similar themes with objectives in secondary education [14]. A seminal study by Kerr
[15] shed light on the aims of practical work in secondary education by providing
teachers’ opinions on the importance of objectives concerning practical work in ranked
order. The findings in regards to the objectives of practical work by Kerr [15] included:

1. To improve and promote science learning and enhance knowledge to aid
comprehension

2. To foster laboratory and scientific skills (e.g. observations, recording,
measuring, using the microscope)

3. To develop scientific thinking (e.g., open-mindedness, observing, critical
thinking, problem solving)

4. To motivate and enthuse pupils, stimulating enjoyment

5. To promote the understanding of the scientific method.

6. To make theories more real through tangible experiments

With regards to university level education, Reid and Shah [16] discussed the main

objectives of practical work presented in thematic categories below:

Skills: Application of different skills in different contexts, understanding data,
Getting familiar with equipment

Thinking scientifically: Application of knowledge in different contexts, Critical
problem solving, Designing experiments

Affective value: Promoting confidence, Promoting interest, Motivating
Learning: lllustrating material presented in lectures

The main difference between secondary, and undergraduate, level science
objectives is that motivation is not prioritised in the latter as, according to a survey
asking graduates and practicing scientists to rank objectives based on importance,
motivation was ranked the lowest in contrast to the acquisition of practical skills which
was ranked among the highest aims [17].



395  CSFilodiritto Editore — New Perspectives in Science Education Conference Proceedings

2. The effectiveness of practical work

2.1 The cognitive argument

Based on Kerr’'s [15] objectives, the cognitive argument is concerned with
practical work improving science learning and enhancing knowledge. It is argued
that practical work can promote understanding in sciences by allowing students to
visualise, in the form of experiments, material taught in class [14]. Admittedly, there is
a difference between doing a practical activity and understanding a practical activity,
and therefore a practical task done incorrectly can leave students confused. In the
absence of guidance, students can leave their practical class with misconceptions
that could affect their learning instead of supporting it. Indeed, studies [10] report
that when students were tested using pen and paper examinations there was no
evidence of conceptual understanding developed by practical work since it would be
unrealistic to expect conceptual learning to be directly attributed to solely performing
practical tasks. In an experiment, students usually see what they want to see since
their pre-conceived ideas are influencing their interpretation [18]. Furthermore, it
has been reported that practical work, instead of improving the understanding of
science concepts, only allowed students to recall details from experiments involving
unusual sounds or visuals [13]. With regards to studies concerned with undergraduate
students, results showed that even though open-ended practical work, reflecting
real science research, was incorporated into lectures, examination results remained
constant despite an increase in the difficulty levels of the examinations [11]. Similarly,
results from a study with introductory physics university students showed a correlation
between conceptual enhancement and experimentation in comparison to traditional
classes [19]. Furthermore, practical work enables students to experience what they
have been taught theoretically in class through the subsequent use of hands-on
activities. Even though conceptual understanding might not be completely achieved,
since practical work has not been reported to have any further advantages compared
to other didactic methodologies, there is no evidence suggesting that it should be
excluded from a science curriculum [9].

2.2 The Affective argument

According to Kerr [15] practical work promotes students’ interest in learning
sciences. Consequently, it has been asserted that interested students will be actively
involved in practical tasks and will therefore remember information in comparison to
traditional taught classes [20]. However, it is unclear whether students’ expressions
of enjoyment towards practical work is based on its worth as a didactical tool or as
an activity that is being run in a more relaxed pace than a traditional lecture [9] where
they could possibly be passively copying material from the board. Students have
previously expressed their enjoyment for practical work since it promotes collaborative
work and allows them to work in their own pace [9]. Confirming this, it has been
reported that one of the reasons students felt motivated was that they had a sense
of control while doing experiments [10], something that can be counterproductive if
students start concentrating on non-substantial issues. However, students reported
to be excited when they were doing experiments that were confirming previously
stated theories, contradicting the true nature of being a scientist [21]. In this respect
it should be acknowledged that the way students perceive practical work is different
from the affective value practical work provides per se, since students’ perception
might be influenced by factors including the style of a practical lesson or their ability
to understand and relate concepts learned, to their everyday life [9]. In support of
this view, undergraduates’ motivation was found to be highly affected by the style
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of the practical work which influenced their perceptions of the lecture [11]. However,
students’ satisfaction did not increase when more time was spent in practical activities
[8].

This was explained [10] in terms of practical work primarily only developing short-
term, non-eduring, situational interest, rather than motivation which was the term
teachers mistakenly used when explaining what they saw as the affective value
practical work on their students.

3. The research

As a result of the aforementioned findings deriving from previous research and
the gaps identified in our understanding of the value of practical work at university
level, a study will be conducted exploring the effectiveness of practical work in terms
of developing conceptual understanding and its affective value in biology, chemistry
and physics, the three pure sciences, amongst undergraduate students. The main
objective of the research is to focus on finding answers to the main research questions
being:

1. Is practical work effective in enabling undergraduates to learn science
concepts?
2. Does practical work have an affective value?

Only with more comprehensive research will a clearer picture be formed as to
the effectiveness and affective value of practical work in university education, where
undergraduates are attending by choice. The results of this study will enable the use of
practical work to be adjusted so as to maximise the support in provides to students in
terms of learning conceptual material and in developing enduring motivation towards
science.
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