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Abstract: The lecture demonstration is a vehicle that is often used in public engagement activities to 
promote positive attitudes towards science and the learning of science. In this paper we review evidence 
that supports this assertion. In addition we focus on a lecture demonstration entitled ‘A Pollutant’s Tale’ 
that examines some of the chemistry of the gases in the atmosphere and aspects of climate change and 
critique its effectiveness on the impact of demonstration on the learning of science concepts and attitude 
towards science.  
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“The laboratory sets science apart from most school subjects…communicating understanding of, and 
the skills associated with, scientific methods. Without laboratory, it would be difficult for students to 
comprehend what scientists do”.  [1] 
 
1. Introduction 
 

The purpose of this paper is to provide an overview of the relevant literature directly and indirectly 
related to this study, highlighting particular areas of importance, weaknesses or gaps in the current 
research in this area. One of the goals of out-of-classroom learning is to make up for the limitations of 
formal education experiences by designing activities in such a way that is not common or possible in 
the normal classroom context. We present the theoretical background that supports the role of lecture 
demonstrations as an effective tool in promoting science learning and in promoting positive attitudes 
towards science and discuss the impact of a lecture demonstration, ‘A Pollutant’s Tale’, in this 
context.  

2. The Lecture Demonstration 
In this paper ‘Lecture Demonstration’ is used to describe a scientist in a lecture theatre setting; 
describing and carrying out a series of experiments which demonstrate a scientific concept or 
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concepts.  The ‘lecture theatre setting’ may also include a school hall in a school. Demonstrations have 
always been fundamental in helping people to understand scientific discoveries and concepts. Taylor 
[2] cites the words of Sir Lawrence Bragg, a member of the Royal Society and a Nobel Laureate in 
Physics in 1915  

“It is surprising how often people in all walks of life owe that their interest in science was first 
aroused by attending one of these courses (demonstrations) when they were young, and in recalling 
their impressions they almost invariably say not ‘we were told’  but ‘we were shown ‘ this or that’.   

Visual and sound effects have had an impact on the learning of science for many decades – indeed 
centuries as they were also used by Galileo and Faraday. It is understandable that the nature of this 
type of demonstration has become a key aspect of science teaching and learning, and why 
organisations use them to engage younger learners in their outreach programmes.  

The inspiration that prompted this work was ‘A Pollutant’s Tale’, a lecture demonstration designed 
and delivered by the Bristol ChemLabS outreach team [3,4]. This lecture demonstration describes the 
composition of Earth’s atmosphere and compares it with the other planets in our solar system; a brief 
description of the structure of the Earth’s atmosphere; investigation of some of the chemistry and 
properties of nitrogen and oxygen; and a few of the tropospheric (approximately lowest 10 km of the 
atmosphere) pollutants including carbon dioxide and nitrogen dioxide. This demonstration lecture 
involves a series of experiments involving liquid nitrogen, oxygen foam, dry ice (solid carbon dioxide) 
and a few explosions [5]. It is normally delivered in 50 to 75 minutes depending on the age and nature 
of the audience. For instance, the topics on tropospheric pollutants and climate change are normally 
covered in greater detail for the pre-university, post-16, senior students, but are not covered in the 
detail for students aged 14-16.  Members of the wider community such as scouts and church groups 
have also experienced this lecture demonstration. The lecture demonstration is also used in 
international outreach visits to Australia, Spain, South Africa, Hungary, Malta, Jersey, China, France 
and Ireland and is performed on average three times per week in term time by the Bristol chemists. 
Recently the lecture has also been adopted, after suitable training, by the Chemistry Department at 
Rhodes University whose postgraduates take it into township schools and by demonstrators who 
perform it several times per week at the Sci-Bono Science Centre in Johannesburg.  

Taking into account the inaccessibility of cryogenic substances such as liquid nitrogen and dry ice in 
UK schools (and indeed in schools across the world) due to perceived safety issues, cost and lack of 
appropriate equipment, Bristol ChemLabS devised “A Pollutant’s Tale” and the primary version 
“Gases in the Air” based on it. The latter is normally performed for children aged 4 to 11, in a form of 
school assembly in the primary schools themselves.  Cryogenics-based demonstrations can 
dramatically illustrate transformation properties of materials associated with temperature variation as 
they can be astonishing for the learners and be useful devices for emphasising changes of state and 
whether or not a physical or chemical change has taken place. 

3. The Learning of Science Concepts 
In researching the impact of the lecture demonstration on the learning of science concepts, it is 
essential to be clear what is meant by ‘learning’. Learning has been defined in numerous ways over the 
years. This study is largely based on constructivist theory of learning, using the ideas of Piaget [6,7] 
and Vygotsky [8] but a full discussion of the theories and definitions of learning is beyond the scope 
of this paper. With the nature of the activities in the present study, the students are engaged in the 
minds-on and some with hands-on as well. According to Sylwester [9], the change in physical 
environment to a stimulating social learning experience during the outreach activities can lead to a 
positive effect on the physical development of the brain. Wolfe & Brandt [10], on the other hand 
indicate that the richness of stimuli in the environment which allows social interactions between 
students, will offer the learners many opportunities to relate new knowledge to their existing 
knowledge, which is mostly derived from formal schooling. For each activity in this study, the learners 
play an active role in their learning process [11] and in order to have a meaningful learning 
experience, they need to be intellectually involved [12].   
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During the cryogenics-based demonstration, the students are encouraged to predict and explain the 
outcomes of each experiment, with the support from the demonstrator, who does the ‘scaffolding’ as 
suggested by Vygotsky [13] by asking leading questions catering to distinct cognitive levels and 
relating to specific topics covered in the General Certificate of Education (GCSE, England and Wales 
national examinations at 16 years of age) or Key Stage 3 (KS3, England and Wales students aged 11-
14) chemistry syllabus and in the case of primary school KS2 (England and Wales students aged 8-
11), the general science syllabus. This will encourage the learners to activate the needed schemas or 
knowledge for possible assimilation or structuring. Demonstrations such as those with liquid nitrogen 
and dry ice which are not normally seen in a classroom setting need to be relevant to the students’ 
existing knowledge in order to have an optimum impact on learning and are consistent with the 
Piagetion concept of knowledge construction.  

Similarly, based in the context of the university outreach centre, this study is also grounded on a 
theoretical framework known as “situated cognition” [14-17] Situated cognition is described as: 

 “… learning is deeply contextualised, mediated, and therefore shaped by the physical, social and 
political landscape in which it occurs…. beyond the individual learner…to consider, for example, the 
people with whom he or she interacts, the physical and cognitive tools he or she uses, the physical 
space within which he or she works, the roles he or she assumes as he or she learns and how these, to 
greater or lesser degrees address a void in his or her learning experience.” [18] 

4. The Impact of Demonstration on the Learning of Science Concepts and Attitude 
towards Science  
Several notable studies have assessed the impact of the lecture demonstration on students. After a 
lecture demonstration, Beasley [19] found an increase in levels of attention and task involvement, 
while Buncick et al [20] noted increased participation.  A study by Bogen [21] revealed a greater 
appreciation of science and increased motivation to pursue careers in science. Other studies have 
highlighted more specific impacts of the lecture demonstration on students. Arousing curiosity is the 
key to enhancing learning. Lecture demonstrations are able to achieve this. Gardner [22] states that 
they allow learners to have an “aha” experience, which increases their curiosity and enhances their 
reasoning abilities, in turn impacting on students’ achievement in the classroom [23]. Fun and 
enjoyment are also described in the research as a positive impact of lecture demonstrations. Morris 
[24] believes that if science is enjoyable, this will have an impact on the child’s learning of science in 
the long term, which could ultimately impact on their career choice. Flow, a state described and 
captured by Csikszentmihalyi [25] is a state of intrinsic motivation experienced by people fully 
engaged in an activity and can be encouraged through the use of lecture demonstrations.  

On the other hand, demonstrations that use cryogenic substances have shown greater positive impact 
on students. A higher percentage of the students in a study by Lopez-Garriga et al [26] agreed that 
these types of activities kept their attention, while at the same time they also wanted to be more 
informed about scientific principles behind the demonstrations. In addition, the majority of them 
agreed the demonstrations had increased their interest in science and would like to see more 
demonstrations in the future (ibid).  Similarly, a study by Lee and Schreiber [27] shows that the 
demonstration is ‘an eye-opening experience’ for the students, where, not only do they get excited; 
they also feel encouraged to further their career interest in science. An evaluation on the outreach 
programme that comprised of workshop, hands-on-activities and cryogenics-based demonstrations 
have been shown to arouse students’ and teachers’ interest in science and its applications [28]. In this 
study, almost all the teachers requested more outreach in order to supplement their teaching resources 
needed for their science lessons and as an innovative way of capturing the audience.  

These types of demonstrations also reveal that there is an immediate improvement in the learning of 
science concepts, as well as attitudes towards science among the students regardless of the learning 
abilities and gender of the students [29]. Interestingly, the follow-up impact indicates that the 
cognitive gain on the scientific concepts remained generally stable within two weeks after the field trip 
[30] which coincides with other findings [31-33].  
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However, it is important to note the potential problems in ensuring demonstrations are used to their 
full potential. Shepardson et al [34] cites several reasons why this might not happen. These include the 
interference that prior topics can cause and, if the demonstration is not set up adequately, confusion 
resulting in an inability to view experiments clearly. Roth et al [35] emphasised the need for students 
to be guided as to which aspects of the demonstration to pay attention to. Traditionally, lecture 
demonstrations aim mainly at the explanation of the scientific concepts, which are nowadays called 
pubic understanding of science, as evidence from this excerpt:  

“Success in the lecture theatre was until the last quarter of the nineteenth century a necessity to any 
scientist… Faraday’s lectures were a communal experience, not just an individual one. He 
…[Faraday]…appealed principally to the  imagination,  both public and scientific, quickening his 
audiences to a new capacity for experience”[36]. 

Today, however, the aims are no longer seen as explanation of scientific concepts, but rather as 
‘entertainment at the expense of explanation’ which also concentrates on ‘the marvellous and the 
mystical’ [37]. Studies on live science shows or demonstrations carried out in the UK, USA and 
Australia, ranging from varieties of chemistry topics such as reduction-oxidation (redox) reactions, 
polymer chemistry, acid and bases, etc, seem to focus on the impact of sound and visual, rather than 
underlying the scientific ideas (ibid). The authors abhor the term ‘chemistry magic show’ which is 
judged to reflect the latter rather than the former type of lecture demonstration. The whole point of 
performing such lectures is to explain aspects of science and not to baffle. Tuah [38] shows the impact 
of the students’ learning of science concepts were boosted by ‘the role of the demonstrator in 
‘scaffolding’ the knowledge through the  repeated use of the key-concepts delivered and relating them 
to the chemistry’ that they are expected to learn. According to Roth et al [35] students need guidance 
in which aspects of a demonstration that they should pay attention to. The demonstrator role is of 
prime importance in ensuring links are made to students’ existing knowledge if there is to be a 
maximum impact on students’ learning.  The results of several hundred questionnaires received from 
students and teachers captured after numerous demonstrations of A Pollutant’s Tale have shown that 
the two-way interaction between the lecturer and the audience was an important feature of the 
perceived success of the Pollutant’s Tale format in reinforcing science concepts. A variety of 
presenters have given this demonstration lecture over the past three years and it is also worth noting 
the impact of young role models, particularly with teenage audiences in terms of engendering positive 
attitudes towards science. 

5. The Role of the Teachers  
Regardless of the type of venue or place for school fieldtrips, teachers’ reasons for organising 
fieldtrips are generally similar. Teachers play a pivotal role in their students’ learning experience 
during any fieldtrip. Literature on science museums or centres has been understandably the most 
studied out-of-classroom learning and the most popular destinations for school visits. However, the 
lessons learnt from studies of the roles of teachers at these venues are beneficial and will be selectively 
reviewed to support the context of this paper as there is not much written on the roles of teachers for 
fieldtrips to  universities. 

DeWitt & Osborne’s [39] study indicates that teachers’ motivation when organising fieldtrips is 
consistent with what research has shown about the potential of these types of visits to support learning, 
whether for connecting to the curriculum (conceptual learning goal) or enjoyment, and enhancing 
interest and motivation (affective learning goal) [40]. Conversely, research also indicates that fieldtrips 
are often not conducted in such a manner that maximises the learning that can result from them [41-
42]. Their success, to a large extent, reflects on the teachers’ pre-visit and post-visit activities, as well 
as their involvement during the visit. According to Rennie & McClaferty [43] the initial planning is 
crucial. Teachers need to consider the actual purpose of the visit itself. Meanwhile, Rickinson et al’s 
review [44] indicates that out-of-classroom learning of any kind is most effective with adequate 
preparation and follow-up. In addition, Rennie [45] suggests that teachers include a pre-visit to the 
intended venues, communication with the people in-charge as well as preparing students by giving 
information on what to expect and the overall outline of the visit.  
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Clearly, the teachers’ role in learning is paramount with regards to how they prepare for the visit and 
how they incorporate the resources and experience back into their classroom. Failure to do this 
adequately will limit the full impact of the experience. Several studies on learning visits to museums 
specifically focused on the role of pre and post-visit activities as potential contributors for enhancing 
the learning experience [46-48]. What may be learnt from these studies is that the pre-visit activities 
activate students’ prior knowledge which can assist in the understanding of experiences at the venue. 
Also post-activities reinforce new connections and complement students’ future learning experiences 
[49]. Whilst post event follow up is in the domain of the teacher, the provider of the lecture 
demonstration can make available information to assist the teacher in planning the visit such as a 
general risk assessment for the venue, any PowerPoint that is used [4] and access to some or all of the 
practical details and other backup material [5]. Many of the practical demonstrations may be new to 
the accompanying teachers, particularly those who have entered the period of teaching where the 
introduction of risk assessment resulted in less of the dramatic experiments being passed down from 
experienced teacher to new teachers. To be shown how to perform the experiments (and on many 
occasions have the explanation of the experiments directed to the teachers present within the lecture 
demonstration) gives confidence to teachers to practice and use some of the demonstration 
experiments with their own classes. Data and images used, and sometimes the whole PowerPoint 
themselves is often requested. For these reasons the PowerPoint for ‘A Pollutant’s Tale’, its Spanish 
translation, the risk assessment and notes on the practicals is made available from the resources page 
of the Bristol ChemLabS outreach web site [50]. 

6. The benefits and limitations of all out-of-classroom learning  
Despite the different types of visits and diverse outcomes, studies on science fieldtrips have revealed 
powerful findings [44, 51]. Their compatibility with the schools’ science curriculum determines the 
educational effectiveness of the trip [45]. The UK’s Department for Education and Skills (DfES) [52], 
has identified some of the benefits of out-of-classroom learning of any kind:  

“…by helping young people apply their knowledge across a range of challenges, learning outside the 
classroom builds bridges between theory and reality, schools and communities, young people and 
their futures. Quality learning experiences in ‘real’ situations have the capacity to raise achievement 
across a range of subjects [including science] and to develop better personal and social skills”. 

Out-of-classroom learning, according to Braund & Reiss [53] is crucial to create motivation and 
fundamental to the understating of learning, which they describe as:  

“…when people visit or are taught in places that explain science in new and exciting ways, they 
frequently seem to be more enthused. There is, we believe, something about the contexts and places 
that brings about change through increasing the desire in people to find out and understand more”.  

Similarly, a study made by Smart & Hutchings [54] as part of an evaluation of the Royal Institution’s 
Science for School Programme indicates that almost all the teachers’ responses emphasize the benefits 
of out-of-school learning in terms of its ability to motivate, inspire and enthuse students (7-18 years). 
‘Practical hands-on experience’, which is part of some lectures, and ‘watching demonstrations that 
could not normally be done in the classroom context’ were perceived as the most valued activities by 
the teachers, which helped in the development of authentic science (ibid). In addition, other benefits 
include: the ability to access an ‘expert’ in science; the broadening of horizons; the provision of 
scientific role models for students; and the improvement of the development and integration of 
concepts have been observed by the authors.  

Meanwhile, O’Donnell et al’s study [56] indicates that about 92% of the Headteachers identified a 
range of benefits of out-of-classroom learning, which include: broadening students’ experiences, a 
positive impact on students’ attitudes and values; enhanced students’ communication and social skills; 
and improves student behaviour and motivation. Moreover, fieldtrip studies to museums, reveal the 
lasting impact on students, in both cognitive and sociocultural contexts [47]. However, such positive 
impact would not be achieved without adequate planning and the delineation of goals, without which 
visits may be a wasted endeavour. 
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This leads to the identification of some of the limitations or barriers of bringing students for fieldtrips 
to any venue. Barker et al [57] indicates that there are still some who have concerns about the decline 
of the quality of learning outside of the classroom, despite the broad spectrum of benefits previously 
described. Such decline has been attributed to heath and safety issues and lack of confidence among 
teachers [44]. Lack of funding; time and resources to deliver such provision are also an issue. 
Similarly, teachers’ limited knowledge of the provision of learning opportunities or programmes of 
out-of-classroom learning sometimes impeded their effort to bring their students for the visit [54]. In 
addition, they revealed that the difficulties in timetabling visits; travel costs and transport 
arrangements; and health and safety management hindered teachers’ ability to organise out-of-
classroom learning to some extent (ibid).   

Michie’s 1995 study [55] recognizes the role of pre-visit preparation between the field trip venue and 
the school itself. He indicates that despite the teachers’ acknowledgement of the invaluable learning 
experiences for their students, limitations such as lack of support from school administration and lack 
of time for the preparation of relevant materials for the fieldtrip were a significant hindrance. 
O’Donnell et al’s study [56] identified that one of the major challenges for the future development of 
out-of-classroom learning would be the amount of paperwork and administrative preparations such as 
the intensive risk assessment procedures required by the Local Education Authorities (LEAs), which 
inevitably adds to the difficulties of bringing students to out-of-classroom learning events. 
Presentations of ‘A Pollutant’s Tale’ lecture demonstration are not limited to delivery in the home 
university lecture theatres. It was designed as a mobile lecture demonstration that may be delivered in 
schools up to four times per day [58]. This removes much of the burden of paperwork from the 
schools. It does not remove the need for a risk assessment for the lecture demonstration which can be 
sent to the schools in advance. Moreover a total of around a thousand students per day can be engaged 
in a suitable auditorium. With suitably experienced presenters the content of, and the language used 
within, the lecture demonstration can be adjusted appropriately. Having a School Teacher Fellow on 
the outreach team makes this relatively easy to do [4].  

“We have just had someone from the Chemistry Department at the University of Bristol - Mr 
Harrison… He (also) did some experiments with carbon dioxide and liquid nitrogen, eggs, flowers, 
gloves, rubber tubing etc. which have converted the whole of KS2 - 240 children in half an hour! - 
including all of the "uncool to learn" crew. We are now changing our curriculum to include more of 
such activities! Schools need lots more of the same. It was wonderful to see the children so 
motivated.” Headteacher of a Bristol inner city primary school, UK.  

The Pollutant’s Tale lecture demonstration has gone through a range of subtle changes over the past 
three to four years. Whilst the list of all demos in the full performance has stayed the same, the 
number performed is adapted according to the audience’s age or experience. However, the underlying 
atmospheric science presented has changed slowly over time, as feedback has been assimilated. For 
example, the lecture for older students now contains a larger section on how we can combat rising 
levels of greenhouse gases and a longer section on the greenhouse effect itself and rarely includes 
metal chemistry occurring in the mesosphere. It is an important but often neglected fact that the 
reflective cycle is an important component to improving the effectiveness of a lecture demonstration. 
The value of good constructive feedback should not be overlooked either. 

7. Summary   
Effective lecture demonstrations are not magic shows but teaching and learning opportunities that can 
both enthuse and excite students and reinforce or support the work of the chemistry teachers. A 
Pollutant’s Tale was created by consideration of the chemistry of climate change required at each level 
within the secondary curriculum. The primary version concentrates on the chemistry of the atmosphere 
but emphasises the difference between chemical and physical change especially changes of state. 

There are only a handful of studies in the literature to investigate the potential use and effectiveness of 
cryogenics-based type of demonstrations. Research has shown the impact of practical work on 
students’ learning and attitude. The more high quality lecture demonstration that can be performed the 
better. 
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