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…but sir, I don’t need to be here, I can just look it up on the internet! And who needs science anyway?

Curriculum Development and Enhancement
ECSP7002

Introduction
The title of this paper reflects a call heard all too often by secondary teachers across the country. The unlimited, 24-hour access to a world of knowledge at your fingertips, the internet. Many pupils, albeit, tongue in check will challenge the need to learn anything or even be in school in the first place when all they need to do is type in a word to their phone or watch an online ‘How To’ video posted by an ‘expert’ to solve all their problems. Science in particular can suffer from this apathetic approach from many students, resulting in low uptake and continuation of science subjects at key stage 4 (KS4) and beyond (H M Treasury, 2004). The low numbers of graduates entering the workforce as a direct result of the low uptake of science based subjects at school level is evident nationally (OECD, 2007) (H M Government, 2014).
An effective teacher will bring a huge array of skills to the classroom. Some, subject specific, covering knowledge and understanding. Other skills of an effective teacher will help promote independent enquiry, critical thinking, problem solving and investigation in learners (Costa & Kallick, 2008). Whilst further, and often more subtle skills will include the promotion of collaboration, communication, tolerance and manners, endeavouring to help guide learners into becoming educated and ‘effective’ global citizens. (Estyn, 2019) (Donaldson, 2015).
Whilst the enormity and importance of the role of the effective teacher is a vast and broad subject to discuss, something not possible within the realms of one paper, the author will attempt to address one area. The role of the effective teacher to facilitate and promote ‘hands on’ learning and the value that hands on learning or practical work can bring to the classroom in both the capacity to engage students in science and to facilitate the learning and the understanding of, scientific concepts and ideas. Hands on learning and practical activities are claimed to be a particularly useful tool within the field of scientific learning, with numerous independent studies corroborating its validity. 
The following literature review will evaluate and analyse relevant literature concerning the main aim of this paper - to discuss and highlight effective engagement in science. The choice and reasoning of actual research ‘methods’ will be discussed within the ‘Methodology and Ethics’ section of this paper.

Literature Review
The low number of school leavers and young adults that choose to pursue a career in Science, Technology, Engineering and Maths (STEM) is a statistic that is evident across many industrialised nations. It has been highlighted as an area of apprehension by many countries (Royal Society, 2008). The numbers of students choosing STEM subjects is thoroughly monitored and analysed. The United States of America (USA) using bodies such as the National Science Foundation (National Science Foundation, 2018) and the United Kingdom (UK) and Europe sourcing their information from the Organisation for Economic Co-operation and Development (OECD) (OECD, 2007) (Royal Society Chemistry, 2007).
The Science and Innovation Framework set out by the UK in 2004 and further amended in 2014, initially proposed targets of increased numbers of student uptake in STEM subjects. 2014 amendments saw planned additional funding and training of specialised teachers within these subject areas. The ‘new’ initiatives that were targeted during the 2014 update and amendment, projected an increase in performance of key stage 3 (KS3) pupils along with a perceptible rise in numbers of KS4 students opting to take chemistry, physics and maths at A-level. (H M Treasury, 2004) (H M Government, 2014). However, the ‘new’ initiatives proposed by governments of the day, claiming that it is imperative to increase involvement and standards of school pupils in STEM subjects to safeguard the supply of trained workers into the workforce is far from a ‘new’ initiative. This dialogue has existed in the UK for many years with the Dainton Report raising concerns over these issues in 1968 (Department of Education and Science, 1968). 
Debate will continue over perceived problems between a workforce skilled in STEM subjects and the supply of such workers from education. Conflicting papers will always make a true analysis difficult, some claiming that STEM subject uptake is declining despite the demand for STEM graduates increasing (Roberts, 2002) with others claiming that the shortage of STEM skilled workers is often misleading and can be overestimated (Butz, et al., 2003). In 2008 a study by Porter & Parvin highlighted disparity within the STEM subjects on the numbers of learners opting for the different disciplines within science. It was noted by Porter and Parvin that both physics and chemistry had seen a drop in student uptake (Porter & Parvin, 2008). Whilst a much earlier paper, Roberts (2002) had stated an increase in uptake of biological sciences (Roberts, 2002).
Whichever way the issue of supply and demand for STEM skilled school leavers is tackled, a principle that is universally agreed on is the need for pupil engagement in all subjects, within schools. At the time of this paper another new initiative is being rolled out across schools in Wales – Successful Futures (Donaldson, 2015). It is based around four core purposes of learning and 12 pedagogical principles (Impact Wales, 2018). It aims to reorganise and challenge teachers and learners to possibly rethink how they teach and learn. The ultimate result aims to produce ambitious and capable learners, enterprising and creative contributors, ethical and informed citizens, and healthy, confident individuals (Dauncey, 2015). The effectiveness of this initiative will take time to filter through the education system, along with any changes in STEM subject uptake. The 12 pedagogical principles set out by Donaldson, represent a huge body of work and research undertaken during the development of the Successful Futures framework, investing in effective teaching and engagement of pupils into learning. Donaldson’s work echoes much research into this field, looking as far back as 1998, the chairman of the British Computer Society’s School of the Future Project, Doug Brown stated in his final report that, schools needed to and will change. He went on to say that schools of the future would be nothing like the schools of the past, the outdated idiom of a set school day timetable and ubiquitous classroom learning environments were only still in place as there has been no alternative. Mr Brown highlighted that with new Information, Communication and Technologies (ICT) advancements, change was now possible (Ginnis, 2007) .
In 2006 a study by Lyons suggested that when science students were given a chance to contribute to what and how they learnt, along with basing the curriculum on contemporary ideals and issues, an increase in student engagement with science was clearly chronicled (Lyons, 2006). Yet, a few years earlier in 2000, Stokking had undertaken research in the Netherlands, indicating that the primary reason for engagement and uptake of STEM subjects at post-compulsory (after school leaving age) level was simply due to the necessity and desirability of completing and gaining a qualification in the correct post-compulsory course for desired careers (Stokking, 2000). Whilst, as previously mentioned, much research has been carried out in this field of enquiry, with some large-scale studies undertaken, notably Cerini 2003 and Jenkins 2005, nationwide demonstrative outcomes were not compiled (Cerini, et al., 2003) (Jenkins & Nelson, 2005).
In 1995, a study by sociologist Alan Irwin linked the terms, ‘enlightenment perspective’ and ‘critical perspective’ to the improvement of scientific understanding and literacy. Irwin has since been widely associated with creating the concept of ‘citizen scientist’ which created a movement in public consciousness and actions to make science achievable and within the grasp of everyone, not just those with a science education. Whilst this has made science ‘popular’, it still has not created a filter down effect of an increase in uptake of STEM subjects at school level (National Audit Office, 2010). Little has changed since Imre Lakatos, a distinguished philosopher of science drew comparisons in knowledge and understanding of scientists and their subject matter to fish and their understanding of hydrodynamics (Lakatos, 1970).
A key feature that can lead to the engagement of pupils in science is the appeal (to many students) of practical or hands on work, a necessity for numerous aspects of investigation and enquiry for learning. Hands on learning can not only be perceived as practical work or investigations but also using props, models and even visual concepts for cognitive understanding. A broad and encompassing body of work has been devoted to research in hands on learning, with the roles and importance of practical work discussed in depth. A report published by Millar, 2004 summarised several important aspects of hands on learning in science and its implications within teaching. The development of scientific understanding along with the development of scientific knowledge (Norris, 1992) is reliant upon practical enquiries and investigations. Classroom practical work should be relevant and attainable within the classroom and not simply an edited version of research laboratory work. Scientific literacy should be underpinned by explicit scientific knowledge of the enquiry or investigation undertaken (Millar, 2004). However, later in his paper, Millar highlights that the inclusion of practical work within the normal curriculum may be problematic, especially if practical work is used as part of an assessment or examination process. Often, the intended reason or projected outcome of the task is different from the original due to the high level of modification required to ‘fit’ the task within the assessment or examination parameters (Millar, 2004). 
In 1999, a paper in the Journal of Chemical Education discussed the positive impact of hands on learning. The study, conducted by Koehler, set about designing and then implementing a ‘road show’ type event to visit local schools. The principle aim was engagement of pupils into science through practical activities. The theme for the road show was a forensic investigation type scenario with hands on practical work including tasks such as the identification of evidence, collection and analysis. a key feature was to include investigations/enquiries that could be further extended and participated in at home. Parents were urged to participate in the road show along side their children to help facilitate further learning at home. The resulting feedback from all students and parents was reported as enthusiastic and positive. However, the study did not suggest any long term or more substantial impacts of the road shows and there was no evidence to support any increase in uptake of STEM based subjects (Koehler, et al., 1999). The development of learners scientific reasoning through practical work was also explored by Gillies in 2013. A published paper in the Journal of Educational Research explored methods to promote scientific discussions as a direct result of practical work. Collaborative science grounded hands on learning and practical activities were used to prompt directed questioning using science specific vocabulary, which encouraged learners to then participate in prolonged and continued discussions with fellow learners to explain their ideas and experiences. The study concluded that directed questioning encouraged the desired following discourse, with learners eager to share their personal experiences of the practical activities undertaken (Gillies, et al., 2014). The theme of post practical activity discussion sessions promoting extended use of scientific vocabulary along with student reflection was discussed a few years earlier by Zee in 20001. Here, the hands on learning activities were seen as a catalyst that stimulated students to then construct a proposal or validation for what they had experienced, this further developed communication skills, aural skills and basic language and vocabulary skills (Zee, et al., 2001). Nevertheless, as with much published literature, caution should be exercised when using data from these studies due to the small and restrictive sample numbers, non random sampling methods and restricted geographical sampling areas used for research. The study by Gillies in 2013 had an over-all student involvement of 108 learners and whilst the study group consisted of an equal number of both female and male students, it may however be considered ethnocentric due to the small geographical sample area limited to Brisbane, Australia.
A study in 2014 by Meyer saw an affiliation between high schools and universities in Illinois and Minnesota, again with hands on learning being the focus of investigation and analysis. the study looked at the effect practical work had on scientific learning and tested if there were any gains in knowledge in this area through pre and post activity questioning. Scientific terms and vocabulary were used such as understanding variables and controls in experiments and investigations along with being able to define terms such as hypothesis and observation. Again, there were encouraging results recorded with students showing measurable gains in knowledge and understanding (Meyer, et al., 2014). However, further analysis of this paper reveals that the students tested were already enrolled at a community centre on a summer time study programme (outside normal school term dates). It is possible therefore, to surmise, that the students, voluntarily enrolled on extracurricular scholarly activities may have already been predisposed to being zealous and enthusiastic learners. A noteworthy consideration should also be made to scrutinise methodology controls for such studies that involve student assessment through discussion testing. Discussion based assessments are always subject to distortion and corruption of true data gathering due to the unintentional use of leading questions and priming students to give the anticipated responses. 
Practical work and hands on learning activities also foster the use of a ‘hook’ or ‘strap line’ to help pre engage the student in the activity and thus into the science behind the activity. In the Australian Journal of Early Learning in 2014, Howitt talks about the use of a ‘hook’ to engage very young learners into science-based learning activities. The ‘hook’ enables very young learners to comprehend multifaceted topics that are often essential to form the foundations of science education (Howitt, et al., 2011). This aspect was previously explored in 2010 by Palmer, who again endorsed the use of a ‘hook’ to engage students into scientific enquiry and learning. However, Palmer claims that’s whilst the concept of a ‘hook’ has been proven successful with very young learners, it is also an effective tool for the engagement of older students and learners (Palmer, 2010).
There is of course a danger to over emphasise the importance of practical work and hands on learning, science can be characterised as an exploration of the material world through a set of commonly held ideas and principles. It cannot always be understood or learnt by empirical investigation. It does not always fit neatly into a box (Osborne, 2015). Due to the nature of classroom enquiries and practical resources available, concepts and practical work can be over simplified for sake of achieving a successful outcome and scientific detail may be overlooked. This is an aspect of practical work commented on by Abrahams in 2013, he continues to observe that too much time can be spent trying to achieve the desired result with limited resources. Simplification can have a negative impact on students’ knowledge, with students not realising further reading or study is required and being satisfied that knowing the basic is adequate (Abrahams, et al., 2013).
Hands on learning involving activities other than practical investigations such as research tasks or using models to represent or understand concepts may also have draw backs. Students researching specific scientific ideas will have little or no concept as to the level or detail of information required. Students may become overloaded with irrelevant information for their level of understanding and may become discouraged or get drawn off at a tangent to the subject being researched. Key information can be easily missed or omitted. Some hands on learning activities that are student led may allow the student to take a more passive role, this can lead to the student becoming disengaged with the subject. Additionally, some scientific concepts and knowledge simply must be studied through text and traditional methods of learning. STEM subject skills, whilst full of practical and hands on learning opportunities must be underpinned with sound understanding and subject knowledge, some of which can only be traditionally learnt (Teach-nology, 2018).

Aims
The aim of this investigation was to test the effectiveness of hands on learning in helping pupils to understand and grasp certain scientific principles and ideas. Namely, the understanding and ability to ‘balance’ chemical equations. In conjunction to this, the importance of learning within a school/classroom environment with traditional teacher interaction was also tested. The class selected for this study was a year 9 class. It consisted of 22 learners, 13 of which were female and 9 of which were male. Whilst the class comprised of mixed ability students, it was a higher ability band class with no ‘More Able and Talented’ (MAT) students present or any students with ‘Additional Learning Needs’ (ALN students). (Welsh Government, 2016) (National Assembly Wales, 2016). The school used for this study is a large secondary school with a sixth form, in South Wales of approximately 1300 pupils. The school will be referred to as school z for the purpose of this paper. Learners who participated in this study were notified and given the option to ‘opt out’ at any time as per the research ethics guidelines (UWTSD, 2016).  Learner anonymity has been protected with learners being randomly assigned a number, during this paper all learners will only be referred to by a number system. School z scores ‘good’ to ‘excellent’ across all aspects of its last ESTYN report (Estyn, 2017).

School Policy and Practice
In depth review and analysis of school z’s school policy and practices indicates that it already encompasses the four core purposes of the new curriculum, along with many other aspects of the Successful Futures and 12 Pedagogical Principles as set out by professor Donaldson (Impact Wales, 2018) . Section three of school z’s most recent ESTYN report (Teaching and Learning Experiences) states that there is a positive and productive working environment for both staff and learners, this is evident in high learner engagement in lessons (Estyn, 2017). ESTYN, notwithstanding its funding from the Welsh Assembly is for all purposes an independent organisation. However, links can be seen between the impending Successful Futures framework and ESTYNs’ report structure and categorisations. From this, it can be deduced that through its own school policies, school z concurrently works towards the recommendations set out by ESTYN in its last inspection and implements strategies of the Successful Futures framework, thus effectively engaging learners (Estyn, 2017) (Donaldson, 2015).
Potential for hands on learning and practical activities within science are created by school z at every sensible opportunity. Facilities exist within classrooms for the ability to carry out complex scientific investigation right through to simple understanding using models or additional communication and testing techniques such as access to Information and Communication Technologies (ICT) or low tech wipe boards. 


Methodology and Ethics
The focal objective of all types of research is to gather data. This data can then be used to extrapolate information and knowledge. Whist research can vary greatly between studies and investigations, the types of research engaged in can be approximately grouped into four key categories. 1. Formative or exploratory research, this is employed to attain a primary insight or understanding of an event, trend or belief. 2. Descriptive research, used as a method to gain understanding and be able to express traits and features of groups, individuals or circumstances. 3. Diagnostic research, an analysis of relationships between different phenomenon or the rate of recurrence of an event. 4. Hypothesis-testing research, where the collection and use of data to support or reject a supposition or theory. (Kothari, 2004).
Other areas of research can be paired in juxtaposition. For example, analytical research relies on existing data and or facts whereas descriptive research often gathers data on observed procedures that cannot be controlled (i.e. variables). Fundamental research is associated with gathering knowledge, not for any specific purpose other than the knowledge itself. In contrast, applied research is often used to seek solutions to immediate problems, often ones faced in business or society. Much scientific research is often divided into qualitative data and quantitative data research. Qualitative research is generally based on human interpretation or measuring the characteristics or properties of results. Quantitative data research, as the name suggests is based on gathering data and analysis of volumes or quantity. Outside of science, qualitative research is an important tool used in behavioural science to investigate and understand human behaviour and motivation (Young, 1960). The term conceptual research is used to describe philosophical research into developing new theories or ideas. The abstract idioms of conceptualism sit opposing empirical research, which employs real time observation or outcomes to gather its data. This data heavy based research forms the basis of much scientific research with results and deductions able to be corroborated through repeat experimentation or observation. (Kothari, 2004).

Hypothesis-testing research forms the basis of scientific research. The framework that is applied to much if not all scientific hypothesis testing is known as the ‘scientific method’. This is a series of recognised steps. Different research paths within different disciplines of research have adapted the scientific method but it generally follows the following procedure:
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 The application of the ‘scientific method’, allows for rigorous and robust testing and data gathering. Statistical analysis and sampling are widely used techniques within this area of study. With correct and careful sampling, the selection of a representative group of the target population allows the inference of the data collected to be applied to the entire population under analysis. (Whitlock & Schulter, 2015).
The key factor in scientific investigation or inquiry is the experiment. Central to the scientific method, is the testing of the proposed hypothesis. To allow for reliable and reproducible results, key aspects of the experiment must be scrutinised and controlled. Theses are known as the variables. It is through analysis of the variables that collection of data through the affiliation of the ‘cause and effect’ phenomenon. Three major variables are often identified as crucial. The independent variable is the variable that is changed or influenced by the scientist. This represents the ‘cause’. The dependant variable (dependant on the independent) produces the data that is measured (the effect). Other variables that may influence the experiment are known as the control variables and it is essential that these are kept constant and not changed during the experiment or in any subsequent repeats. Due to the objective nature of the scientific experiment, it should ideally be able to withstand robust testing and reproducibility by any other scientist or researcher. Personal viewpoints or attitudes of the scientist should not influence the outcome or data generated from the experiment. This helps to reduce any bias in data and gives validity to the whole process. (Singleton, et al., 1988).
Scientific experiments used for research can be broadly put into three categories. Each with its own set of merits and detractions.
1. Natural experiments.
Natural experiments are often used in social science research, for example, research carried out by Hodges and Tizard (1989) looked at attachment theories in developmental psychology. They compared two different groups of children, a control group that had grown up with their biological family, against a group of fostered or adopted children. They investigated the long-term effect this had on their psychological development (Hodges & Tizard, 1989) . Natural experiments are conducted in real life situations and environments (i.e. away or outside of laboratory conditions). Independent variables cannot be controlled in this situation so bias of the results can be a factor. This can also add to problems and complications with reproducibility. Natural experiments can sometimes become time consuming and costly. Strengths and merits of natural experiments include uses in ethically sensitive arears of research due to the unobtrusive nature of the research. It is possible that participants will be unaware that they are being researched and therefore demand characteristics (participants trying to anticipate the desired outcome of the experiment) are improbable, thus less bias of results. Data generated will have strong ecological viability (true representation of real life) as it is likely the experiment will be conducted in a natural setting to the participant (real life setting). (Kothari, 2004) (Mc Leod, 2007) (MacDonald & Headlam, 2009)

2. Field experiments
Like natural experiments, field experiments are carried out in the ordinary environment of the participant. Whilst independent variables can be controlled, again the researcher has little or no control over any other variables. The natural environment and ability to control the independent variable does however give validity to filed experiments. For example, Hofling (1966) realistic study on obedience (Hofling, et al., 1966). Again, similarly to natural experiments limitations in testing include little control over variables that could lead to bias of results, making reproducibility difficult. Merits of field experiments echo those of natural experiments, in that they have high ecological validity and can be inconspicuous. (Kothari, 2004) (Mc Leod, 2007) (MacDonald & Headlam, 2009)
3. Controlled or Laboratory Experiments
[bookmark: lab]This is the most controlled of all three broad categories of scientific experiment. The laboratory-controlled experiment allows for the collection of accurate and if required precise data. Independent variables are controlled ad manipulated as required by the researcher. Dependant variables can be accurately measured. Extraneous variables are identified, and a standardised procedure is developed and put into practice to control them. The researcher can dictate, where, how and when the experiment will take place. The laboratory experiment is often favoured for empirical research purposes as it is easy to replicate and therefore validate by other researchers. Direct ‘cause and effect’ associations can be identified and determined. However, bias of results is still possible due to demand effect or experimenter effects (behaviour of participants can inadvertently be influenced by the researcher through their actions or appearance (Rosenthal, 1976)). If demand effects or experimenter effects are not identified, then these can become confounding or conflicting variables that need to be controlled. Ecological validity may also be called into question due to the artificial setting of the experiment. This makes it difficult to transpose the results of the experiment into real life situations or environments. (Mc Leod, 2007) (Kothari, 2004) (MacDonald & Headlam, 2009)
Careful review of current literature and research methodology as discussed above, resulted in the scientific hypothesis and testing method of research to be used in this study. Whilst is was not possible or practical to replicate laboratory conditions for the research, every effort was made for control variables to be monitored and kept constant. Research methodology does not and cannot fit into discrete definitions. However, for the purpose of this paper and its discussion within, methodology used for this research can be placed as an amalgamation of field experiment research and controlled laboratory research.

Method
To achieve the objectives of this investigation a series of two lessons were planned. During the first lesson, learners were presented with a question paper compiled of ten questions. Each question was an ‘unbalanced’ chemical equations and learners were instructed to balance each equation. Learners were given access to the internet via chrome books available in the classroom, but no other help was given by the teacher. The pupils were allowed 40 minutes to complete the questions. They were not allowed to confer and were instructed to work independently of other learners. After 40 minutes, papers were collected in and marked by the teacher. Learners were not told their results.
The second lesson, due to timetabling, took place the following week. This lesson consisted of the teacher introducing the lesson topic; balancing written chemical equations. A brief recap of chemical reactions was introduced with learners given the opportunity to contribute to worked examples on the board. Once this prior knowledge had been consolidated, the concept of unbalanced and balanced equations was introduced, using real life abstract examples e.g. making a bowl of fruit salad consisting of 1 banana, 2 apples and an orange (representing the reactants in a chemical equation). The finished fruit salad (representing the products of the chemical reaction) whilst now in a different form, still consisted of 1 banana, 2 apples and 1 orange (a balanced equation).
Worked examples of balancing equations were then undertaken on the board, again with learners being given the opportunity to contribute both verbally and by volunteering to complete or contribute to the examples by writing on the board.
At every opportunity throughout the lesson, learners were encouraged to ask questions if there was any uncertainly or confusion in their understanding.
Learners were then provided with molymod® sets (molymod, 2019) consisting of varying coloured plastic model representation of atoms and were encouraged to physically arrange the different atoms on the desk to depict the unbalanced chemical reaction example problem. This enabled them to visualise the process of balancing equations, with the underpinning scientific knowledge that in a chemical equation, the number of atoms of reactants is equal to the number of atoms of products. Learners were encouraged to work in pairs, and then in groups to solve the problems and collaborate with fellow learners to share knowledge and understanding. Once this task had been completed, the molymod® sets were collected in and examples were wiped off the board. This section of the second lesson will be referred to as the ‘intervention’ for any future reference within this paper.  Learners were then given the same set of ten questions to complete as in the previous lesson. Learners were again instructed to work independently and were not allowed to confer. Once completed, the papers were again collected by the teacher and marked. the time allocated for the complete task/lesson including the hands on modelling of worked examples was again 40 minutes.

Results
Figure 1. Showing comparative results of test 1 and test 2 as a percentage
Figure 2. Showing difference in results for test 1 compared with test 2 (shown as a percentage)
Table 1. showing the mean class score in test one and test two as a percentage.
	Mean class score
	Test 1 (before intervention) %
	Test 2 (after intervention) %
	Increase in mean class score after intervention %

	
	34
	81
	47




Table 2. Showing comparative results of test 1 and test 2 (shown as a percentage), along with the difference in marks between test 1 results and test 2 results (shown as a percentage + or -)
	Student (represented by number only)
	% mark for test 1 before teacher 'directed' hands on learning activity
	% mark for test 2 after teacher 'directed' hands on learning activity


	% difference in marks after teacher 'directed' hands on learning activity

	1
	60
	100
	+40

	2
	30
	70
	+40

	3
	50
	100
	+50

	4
	50
	100
	+50

	5
	40
	60
	+20

	6
	60
	100
	+40

	7
	30
	50
	+20

	8
	70
	100
	+30

	9
	20
	60
	+40

	10
	50
	90
	+40

	11
	10
	60
	+50

	12
	30
	100
	+70

	13
	50
	100
	+50

	14
	0
	80
	+80

	15
	40
	60
	+20

	16
	0
	60
	+60

	17
	20
	90
	+70

	18
	0
	80
	+80

	19
	50
	90
	+40

	20
	30
	100
	+70

	21
	0
	40
	+40

	22
	60
	90
	+30




Through analysis of the results data, generated from the investigation, it is clear to see that there is a difference between the results of the first test and the results of the second test (after the intervention as set out in the method section). Figure 1. shows the comparative results of the two tests (before and after intervention). Results of test one show that no learners achieved full marks (100 %), with two learners (numbers 14 and 16) attaining zero marks (0 %). The results of test two, also displayed within figure 1. indicate that post intervention, eight learners (numbers 1, 3, 4, 6 8, 12, 13 and 20) subsequently achieved full marks (100 %) during test two and that no learners attained zero marks with the lowest result of test two being 40 % (learner number 21).
The mean class results for test one and test two can be seen in Table 1. Test one class mean is 34% and test two class mean is 81%. This is an increase in class mean scores of 47%.
Figure 2. displays the difference in results between test one and test two, expressed as a percentage. All learners showed an increase in scores post intervention. The lowest increase being 20 % increase with three learners (numbers 5, 7 and 15) achieving this. The highest increase in test scores standing at 80 % with two learners (numbers 14 and 18) achieving this.
Table 2. presents the data provided for the construction of figure1. and figure 2. in a table format for a more congruent quantitative assessment of results.

Evaluation/Discussion
Figure 1. Test one results are indicated in blue and test two results indicated in red. This direct comparison permits the supposition to be made that the intervention had a positive effect on learner engagement and understanding of the subject tested as there is a visible increase in results across the whole study group of learners. Post intervention results show that all learners achieved positive scores whist test one indicates three learners achieved zero. Due to the testing methodology employed for this investigation it is however, not possible to deduce from this data the precise reasons for this. There are many reasons and or combinations of reasons possible. The leaners achieving zero marks in test one may have simply refused to engage in the learner led study opportunity. They may have been unable to access the correct information during the given opportunity for internet access, this may have been due to technical issues or individual capabilities or skills. Equally, the learners may have simply not understood the information found. The test two improvements in results are also subject to many reasons and or combinations of reasons. The intervention as set out in the method section may have been successful, learners’ engagement may have been due to the hands on learning activity provided. Notwithstanding, the overall increase in learner scores for test two may also have been boosted from prior knowledge of the test paper or the more teacher directed lesson having an influence on attitudes and attitudes towards learning. 

Conclusion
Through analysis of current available literature and careful consideration of results of this study, a conclusion can be drawn that there is evidence to support the effectiveness and usefulness of hands on learning or practical activities within the science classroom. It is clear there is much evidence to support its important role within education. Whilst there are many limitations within this body of research, it does achieve its aims in investigating the effectiveness of hands on learning and practical work. Results do suggest that it is a valid tool to aid understanding and conceptualise the scientific principle of balancing chemical equations. Due to the possibility of confounding variables it is difficult to quantify the impact of the effective teacher within the realms of this research, however the positive impact of a traditional setting learning environment and structured approach with teacher directed learning can be qualified. This can be validated with comparison to several of the four core purposes and 12 pedagogical principals and the call for independent but structured learning in an authentic context and the development of investigative, problem solving and critical thinking. (Donaldson, 2015).


Limitations and Further Development
Limitations of this study include but are not restricted to the following:
· Results of this study cannot be extrapolated nationally, with any assurance, as the test sample of students was relatively small (only 22 participants).
· The study was carried out within one school and one year group, resulting in the likelihood of an ethnocentric bias in results. The test sample cannot, with any confidence, be regarded as representative of all students nationally (Alleydog.com, 2019).
· The impact of the hands on learning activity cannot be categorically stated. Before the second test phase of the study was carried out, the hands on activity was also teacher led. Whilst pupils were still encouraged to work independently of the teacher, the influence of the teacher within the classroom for structure, pace and discipline cannot be ignored. This causes two independent variables to be changed during the study at the same time (becoming confounding variables), thus distorting any conclusions being drawn from the results. (The independent variable in a scientific investigation or study is the variable that is controlled or changed. The dependant variable in a scientific investigation or study is the variable that is measured or tested. It is the variable that provides dynamic data sets for results.) (Helmenstein, 2018).
· For valid testing within a study, only one independent variable at a time should be changed. The data generated from the dependant variable will then be more closely a true reflection of the independent variable that is being tested.
· The second test given to students as part of the study was a duplicate of the first test. Whilst there was a time gap of approximately one week between the first test and the second test, many students would have therefore been familiar with the questions at the second sitting of the test. Therefore, it is unrealistic to draw conclusive evidence that the intervention was the sole reason for any difference (increase or decrease) in test scores between the two tests. This effect is often referred to as practice effect (McLeod, 2012).
· For the intervention technique to carry any validity, this study would need to be repeated many times, using a random selection group of learners in a variety of schools and locations. 
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