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Practicals for Effective Learning

Background

Laboratory practicals have long played a ‘unique and significant’ (1) part in science and engineering education. Educational institutions (particularly universities) invest an enormous amount into their teaching laboratories, this in terms of buildings, fittings, equipment, materials, and staff time and expertise. It is important, therefore, from a resource management perspective, that they are used to best effect. It is also important, from an educational perspective, that the learning and teaching that takes place within them is as effective and as fulfilling as it can be.
In 1982, Hofstein and Lunetta published a much-cited review of the literature relating to laboratory teaching and learning (2). They followed this up in 2003 with a subsequent review which reported on studies carried out in the intervening 21 years (1). This paper draws heavily on their findings.

One major difference they noted was the change in understanding of how students learn. At the beginning of the 21st century, enquiry is seen as the ‘central style’ (1) by which learning takes place. The most commonly accepted learning theories are based on a constructivist model rather than a transmission one. This suggests that knowledge is not transmitted in neat packages from teacher to learner (any test of student learning exposes the fallacy of that model). Rather, it is now believed that ‘learners construct their ideas and understanding on the basis of series of personal experiences’ (1). Students interpret and make sense of what they encounter from the framework of their current beliefs and understandings.

The challenge, then, is to provide experiences in the laboratory which will encourage appropriate and effective constructions of knowledge through a process of experimental (and conceptual) enquiry.

What practicals seek to achieve

While Hofstein and Lunetta in their earlier study (2), concluded that the goals of laboratory learning were ‘by and large … synonymous with those defined for science learning in general’, there do seem to be goals which apply specifically to the laboratory experience. Psillos and Niedderer (3) identify three goals of laboratory learning: for the student to link theory to practice, to learn experimental skills, and to get to know the methods of scientific inquiry. Boud et al. (4) add: generating data for analysis and interpretation and developing attitudes towards science. Hofstein and Lunetta (1) also acknowledge the opportunity laboratory provides for collaboration and team work.

Factors affecting laboratory learning

If we accept a constructivist view of learning, then what students bring with them, in terms of understandings, beliefs and skills, is of prime importance. While it provides a basis for new learning, a student’s ‘personal theory’ (5) can also get in the way of learning. Gunstone (5) reports on research which indicates that the beliefs that students bring are both highly resistant to change and capable of influencing even their experimental observations (let alone their interpretation and analysis). It may be valuable, therefore, to check out students’ current understanding of a concept and encourage their own questioning of the bases for their beliefs. If they come to a laboratory session with no grounding at all on which to construct further knowledge, then the experience may well be meaningless for them (4). The provision of some minimal introduction to the underlying concepts may provide at least some base on which to build.

Hofstein and Lunetta (1) maintain that both students and teachers need to be explicit about the goals to be attained in the laboratory, both generally and specifically. They report on research which indicates that, frequently, students are not clear about these goals. There is evidence that students, when they have any notion of laboratory goals, couch them in terms of ‘following the instructions or getting the right answer’ (1). The kinds of goals listed earlier in this paper will probably not occur to most students and may not occur to many teachers. Often, a laboratory is for ‘manipulating equipment but not manipulating ideas’ (1). Pre-and post-lab sessions may be helpful in establishing shared goals and evaluating the extent to which they were met in a lab session.

It is most important that the activities and experiences in a laboratory session fit with the determined goals. While ‘minds-on as well as hands-on’ (1) may be a goal of a laboratory class, this will not happen automatically. Those directing the activities need to consciously devise ways of ‘helping students ask thoughtful questions, design investigations and draw conclusions from data’ (1). Gunstone (5) suggests a P-O-E approach where students predict the expected outcomes, observe the phenomenon and explain the results. He recommends writing predictions, with reasons, prior to the observations, not in retrospect. This practice forces each student to think about what is happening and to give some justification for that thinking. The ‘cookbook’ approach, where students mindlessly follow a set of instructions, achieves few goals other than skills in manipulating equipment and collecting data.

Hofstein and Lunetta’s review (1) indicates that the process of achieving the desired goals is a complex one. One thing which gets in the way is a preoccupation with manipulative procedures. While procedural skills are important, there is a risk that they will take over, leaving little or no time for the reflection and meaning-making that is necessary for learning to occur. Gunstone (5), too, sees a risk that ‘observations and making required measurements can themselves become the prime, or even sole, focus’. The laboratory provides an opportunity for much more than ‘doing stuff’.

An essential process for students to internalise is that of scientific argumentation. This involves ‘weighing and interpreting evidence, thinking about alternatives, and assessing the viability of scientific claims’ (1). They need to be encouraged to justify (and to challenge) assertions in the light of available evidence. Gunstone’s work (5) suggests that students who know the expected answer before they begin will ensure their data provides this answer. And that they consider this an appropriate strategy. Assisting them to move beyond this paradigm and to engage in robust scientific argumentation is a worthy endeavour.
The collaborative nature of much laboratory work can play a part in this process. As well as requiring that all members of a laboratory group share in the manipulative and practical tasks—that there be not one doer and one or more onlookers—there can also be the expectation that they will challenge and encourage each other conceptually. Each member of a team may not have the same personal theory relating to a topic. They can be required to share and justify their predictions and explanations with each other, or to come up with group predictions, observations and explanations. Research reported by Hofstein and Lunetta (1), indicates that students working cooperatively in groups outperformed those working either individually or competitively in terms of both cognitive achievement and process skills. Students can be a valuable learning resource for each other.

Whatever the stated goals of laboratory work, the real goals, from the student’s perspective, will be what is assessed. Whatever the assessment focuses on—practical involvement, analysis of data, group cooperation, scientific argumentation, or getting the right answer—will be what the students understand to be important and what they are likely to focus their energies on. And the weighting of the laboratory component in the overall assessment also conveys messages relating to its importance. The alignment of goals, laboratory experiences and assessment is of the utmost importance.

Laboratory safety

As a staff member, you have a duty of care in relation to your own safety and to the safety of others (6). In addition, the university provides specific guidelines which must be followed in teaching laboratories throughout the university (7). You will be provided with appropriate instruction in your responsibilities regarding laboratory safety. It is crucial that you are clear about requirements and procedures, your responsibilities in relation to student behaviour and how to deal with any reluctance to comply on the part of students. It is important, too, that you and your students have a common understanding of expectations, requirements and processes and that you are clear and consistent in applying these.

Conclusion

Laboratory practicals can provide a unique opportunity for effective student learning. By being aware of the possibilities, laboratory teaching staff can set up the conditions under which effective learning is most likely to occur.
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