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Introduction
This study aims to evaluate the effectiveness of using pre-planned, step by step strategies to tackle reading comprehension based questions to aid the development of scientific literacy. The research comprises of an in depth literature review exploring the different aspects of comprehension strategies and scientific literacy. The study used all relevant literature to encompass a strategy that aimed to target certain aspects of the texts and the learners’ knowledge to generate appropriate and successful answers based on the learners’ prior knowledge, information given in the text, key vocabulary and analysing the questions asked. 
For the purposes of confidentiality and ethics, the individual school in the case study will be referred to as School X and individual pupils will be referred to as Pupil 1, Pupil 2, Pupil 3 etc as to preserve their anonymity (BERA, 2011). School X is situated in South Wales and is an English-medium 11 to 19 mixed comprehensive school maintained by Swansea local authority. There are currently 1,112 pupils on roll, a number that is expected to increase next year. Most pupils display good understanding of comprehension texts and are usually able to extract information effectively from them (Estyn, 2017). However, Estyn go on to suggest that comprehension and reading could be improved further if pupils had a better understanding of how to use strategies that enable pupils effectively answer questions. This is not entirely specific to School X as Durkin (1978) established that while teaching reading skills, a very small amount of time is dedicated to teaching comprehension strategies. However, Data from Gaskins (2003) and Sweet & Snow (2003) suggests that comprehension strategies should be clearly taught and demonstrated at all key stages. 
The research in this essay focuses on attempting to improve comprehension skills from a scientific point of view. The research compiled of pupils in two classes of school X answering comprehension questions. The research attempts to outline a possible method in which learners are able to compartmentalize comprehension and literacy questions in order to build effective answers, giving them a greater understanding on how to answer these particular types of questions and a schema on which to answer these types of questions in the future. 
Literature Review
Reading is often considered one of the most significant skills that pupils can attain in education (Meese et al, 2001). If a learner is unable to read, they will be significantly disadvantaged when it comes to understanding, learning and deciphering certain information. It also in turn is closely related to writing skills, spelling skills, mathematical skills and many other core skills (Reed, 2007). Pupils who read at a higher level are more likely to achieve academically, they are more likely to go on to do further education such as sixth form, college or university and have more chance of successful employment (Lyon, 1999; Snow, Burns, & Griffin, 1998). One major component of reading is comprehension. Comprehension is a form of academic literacy that is the ability to read proficiently enough to be capable of interpreting and inferring meaning from text (Kamil et al., 2008; Kosanovich et al, 2010). Pupils with good comprehension skills use a range of approaches when faced with these types of questions including, activating prior knowledge, answering and generating questions, inferring, understanding text structure, and summarising (Pressley, 2000; Smolkin & Donovan, 2002). Reed et al (2007) suggest that a critical role is played by teachers in aiding development of these approaches and strategies in order to further progress learners’ comprehension skills. They propose that suitable instruction is the most effective way to develop and enhance the ability of reading, inference and comprehension skills. Guthrie & Ozgungor (2002) claim that during the early years there is little focus placed upon teaching comprehension skills, they criticise the lack of comprehension training in the early years and proposed integrating such instruction across the curriculum. Armbruster et al (2003) states that using effective instruction and comprehension strategies enables pupils to construct ordered plans that capable readers build upon to decipher and comprehend text. Therefore, taking this in to consideration, detailed instruction that considers the necessary building blocks of vocabulary and appropriate questions is essential for the success of the learners. Durkin (1993) refereed to this as “comprehension skills”, “the very essence of reading”.  In recent years, writers of science curricula have increased the number of literacy activities in their resources, in an attempt to improve literacy across the curriculum. This coincides with the recent introduction of the literacy and numeracy frame work (Welsh Government, 2014) and the development of the new curriculum “Successful Futures” (Donaldson, 2015) which suggests that literacy, numeracy and digital competence should be a responsibility of all teachers. Thus providing the reasoning behind choosing comprehension in terms of scientific literacy as the basis of this work, attempting to incorporate all relevant literature to adapt a strategy that tries to incorporate good instruction, the activation of prior knowledge and the ability to infer to aid the development of their scientific literacy and comprehension skills.
Being able to effectively learn in STEM subjects, particularly science, is often challenging for learners and consequently pupils often find scientific information text difficult to understand. Science texts, websites, journals and textbooks often have a plethora of scientific terms that must be decoded and understood to be recalled at a later date (Sadoski, 2001). These texts also contain vast amounts of abstract concepts, meaning that they are referring to something that is not concrete in existence such as ionic and covalent bonds or electrical current (Gentner & Stevens, 1983). Because of this it is important to make sure we develop new and existing strategies to improve learners’ ability to understand scientific comprehension.
 One of the most widely accepted models of comprehension instruction comes from the National Reading Panel (2000). They suggested that reading comprehension instruction can be taught using eight different strategies; Comprehension monitoring, where the reader develops techniques to deal with issues in understanding of the text as they arise. Cooperative learning, whereby learners work collaboratively to develop strategies related to their reading. Graphic and semantic organisers, this strategy permits the reader to draw or write any meanings or connections supported by the text. Story structure, where the learner begins to generate and answer questions of the “five w’s”, who, what, where, when and why in relation to the plot of a story. They may also to start to develop a time line, events and characters. Question answering, the teacher gives questions that are answered by the learners and feedback is given where necessary. Question generating, which is similar to story structure, but can also be used for information text, where the reader begins to ask significant questions on where, who, why, when, how etc questions. Summarisation, where the reader aims to recognise and categorise the main ideas of a piece of text that make the text understandable as a whole. Multiple strategy instruction, this is where the learner uses multiple methods of interaction with the teacher as regards to the text. 
As this research is focussing on scientific comprehension questions, not all of these strategies are available to us as some lend themselves predominantly to narrative comprehension. This is backed up by Leopold & Leutner (2012) who suggest that because different cognitive strategies have an effect on the mental construction when processing new knowledge, it is essential that they use appropriate strategies to suit the type of text at hand. They give the example that a pupil reading a scientific text using a comprehension strategy that better suits a narrative, the mental representations can be completely different and the focus may be more on recalling the information rather than actually understanding it. However, Greenleaf et al (2004) present evidence that suggests that especially in certain subjects such as science these comprehension instruction techniques can benefit pupil’s knowledge and understanding. Subsequently, given the evidence, it should be noted that there is a place for comprehension strategy instruction when learners’ are presented with scientific text however it is important that appropriate strategies are chosen as to develop learners’ understanding of the text. Therefore, focus will be placed on; comprehension monitoring, graphic and sematic organisers, question answering and generating, summarisation and multiple strategy instruction. 
In order to fully understand a piece of text, the reader must build a rational mental representation of the information given in the text. This encompasses more than just reading single words or individual sentences, but understanding their significance as a one (Johnson-Laird, 1983). Readers with good comprehension skills have the ability to continuously ‘remodel’ their representation as they read the text, meaning they are able to read and integrated new ideas into the original mental representation (Rapp & Kendeou, 2007). This evidence suggests that comprehension monitoring plays an essential role in the construction of a mental representation of text and comprehension as a whole. Readers who have the skill of comprehension monitoring when faced with a situation where they do not have complete understanding of a word or phrase, it does not within their current prior knowledge or when certain pieces of text are hard to understand together, they have the ability to take suitable actions, such as, researching the definitions of unknown words, re-reading, generating inferences and asking questions (Markman, 1981). Consequently, as this research is an attempt to find ways of improving comprehension skills, it could be argued that comprehension monitoring could be potentially improved by initiating a strategy that prompts pupils to re-read, generate inferences and ask questions of the text.
Another strategy mentioned above that may improve comprehension skills is the use of graphic and semantic organisers. Bromely et al (1999) defined graphic and semantic organisers to be “visual representations of Knowledge” in relation to a specific topic. Put simply, graphic and semantic organisers refer to the mapping or webbing of words or topics and their relationship between different concepts in the text (Olszak, 2014). Olszak goes on to suggest that these semantic maps or organisers can be incredibly beneficial in aiding comprehension as they enable the reader to develop different concepts from connections between current concepts. Ausubel (1968) advocated that new information is learned when it is related and connected to currently present knowledge. In relation to graphic and semantic organises, he also stated that the purpose of developing graphic or semantic maps is to encourage the learner’s prior knowledge and associate it with new information to ensure that the new material is better understood. Despite this, for them to be productive in developing comprehension skills, Horton, Lovitt, & Bergerud (1990) affirm that it is essential that these maps are arranged in such a way that best shows the comparisons and connections of the text. Condidorio (2010) agrees with this, maintaining that when selecting layout for a semantic organiser, it is vital to consider the eventual aim for the topics and ideas being taught, this way the semantic map will aid the pupil in understanding the text and new information. In regards to this study, Condidorio (2010) concluded that using these graphical representations and semantic maps has a positive effect on the Scientific comprehension skills of learners. He states that when used effectively, they enable the learner to develop a visual representation of relationships between new and old material which allows the learners to be able to learn more independently and be more responsible for their own learning.
Another strategy that is thought to enhance comprehension skills is question generating. Question generating and self-questioning when referring to comprehension is a procedure where learners pause occasionally whist reading to generate and ask themselves questions about the information in the text (Ness, 2016). Many researchers sustain that when learners are able to generate questions about text they are reading, it can act as an invaluable strategy to improve comprehension skills and help to improve the understanding (Taboada & Guthrie, 2006; Therrien & Hughes, 2008). Research done by Weinstein et al (2010) proposed the question, “Does question generating actually improve comprehension”. They studied three different strategies to see how it improved comprehension. The strategies were, re-reading, question answering, and question generating. They found that all three strategies improved understanding of text, however when participants were allowed to generate and answer their own questions, they made significant improvement in the understanding of comprehension. However, despite the improvement in the results, it should be noted that when participants were asked to generate their own questions about the text it took considerably longer to complete the comprehension task compared to re-reading and answering questions set by somebody else. This could be seen as a slight disadvantage to this method as during test conditions it may not be as feasible as re reading. Despite this if the outcome is for the learner to fully understand the text and make meaningful comparisons to prior knowledge, from the evidence suggested it could be argued that this is a very important strategy to consider when evaluating how to successfully improve comprehension.
[bookmark: bbib42]Having the ability to summarise a piece of text, picking the most important concepts and uselful information can have a great impact on comprehension and understanding of text (Calfee & Patrick, 1995). Summarising can be defined as, the capability to remove unnecessary information, pick out main points, link relevant topics and condense comparable ideas of an extract of text (Block & Pressley, 2003). In simpler terms, Marzano (2010) describes summarising as; Redrafting ideas in such a way that draws attention to the most important information. Dymock & Nicholson (2010) sustain that learners can naturally summarise information by a method they call the “High 5” strategy. The “High 5” strategy consists of five steps of summarising information. The first of which is simply reading the text. Secondly, learners should attempt to identify the structure of text as information text can be written in many different structures. The next step is to construct a diagram of the text structure. The forth step requires the learner to remove the irrelevant details to leave only important information. And the final step is to circle the main ideas that will be necessary in the summary. This strategy is also supported by Marzano (2010) “Summarizing to comprehend” where he advocates that there are five strategies that enhance learners’ summarising skills. These skills are Similar to Dymock & Nicholson’s “High 5” strategies however Marzano’s strategies highlight the importance of the teacher’s role, particularly when identifying text structure. From the evidence suggested, it is widely agreed that the ability to summarise information has a profound effect on understanding and comprehension. However, conversely, Leopold & Leutner (2012) argue that when summarising just by using the text, referred to as “text based processing” in their research, learners have difficulty distinguishing important ideas and concepts that are related and therefore more difficult to develop inferences from them. They particularly endorse the strategy of drawing or sketching ideas to develop the process of summarizing. They indicate that pupils who develop summaries based upon drawing or sketch prompts are able to achieve higher scores in test based comprehension, recall and understanding. This is supported by Van Meter (2001) who affirms that pupils that participate in drawing activity during comprehension tasks tend to outperform those who have just summarised by processing the text and even pupils that have been given pictures to aid understanding, particularly in scientific subjects. Form the relevant literature, it seems that there is a strong argument that summarising is a highly useful tool to develop comprehension and understanding, however there is debate as to what is the best method to go about summarising, which needs to be considered when developing comprehension instruction strategies. 
One of the major components of comprehension that has been outlined in a number of the previous strategies but has been slightly overlooked so far is the use of inference skills. Currie & Cain (2015) suggest that without using inference skills when reading, readers are unable to incorporate ideas within text to fill in any implicit information. Inference is defined in many different ways by many different academics, researchers have divided inference skills into various different categories, ranging from as many as thirteen categories suggested by Graesser et al (1994), nine categories adopted by Pressley & Afflerbach (1995) to the more customary two categories accepted by many other researchers such as Cain & Oakhill (1998). Despite the many different categories suggested, it is widely agreed that inference skills play a huge part in having successful comprehension skills. Whilst inference cannot necessarily be taught, teachers can demonstrate strategies that can in turn develop learners’ inference skills or develop a path or schema to enhance their inference abilities (Kispal, 2008). Research done by McGee and Johnson (2003) suggested three different strategies to improve inference skills in pupils; lexical training, question generation and prediction. They concluded that teaching these three strategies allowed learners to make connections between information from text and its significance, it enables the learners to individually derive meaning and develop inferences from the text. They maintain that these strategies can be taught with minimal interference to the lessons or the curriculum. Equally, what is not mentioned in Mcgee & Johnson’s research is the significance of prior knowledge when inferring. Research done by Kostons & van der Werf (2015) claims that activating prior knowledge had a positive effect on comprehension scores. Despite this, Cain et al (2001) concluded that, even when learners had the sufficient background knowledge to make inferences, pupils that were less able comprehenders were still not as capable of generating inferences as well as their more established peers therefore concluding that access to prior knowledge is not a major influence in relation to inferring. Although there is abundance of research and different opinions about how to improve inference and the different types of inference skills, it is widely accepted that improving these skills does have a positive impact on comprehension skills. Furthermore, despite research suggesting that prior knowledge may not be a limiting factor of a reader’s ability to comprehend text, it is a feature that is widely mentioned previously to improve on other strategies that develop comprehension skills and therefore should also be considered when teaching comprehension instruction.     
As stated previously, it is now essential for teachers across the curriculum to be actively teaching literacy in all disciplines.  Dawson & Venville (2009) define scientific literacy to be, “the understanding of science that allows an individual to participate in socio-scientific topics and to make informed decisions on these issues, as well as the appreciation of processes, values, and ethics related to science”. In regards to education, it is important that instead of just learning scientific facts, learners are able to apply knowledge whilst critically evaluating information in order to encourage higher-order thinking (Zoller, 1993). Based on the literature studied there is clearly a very wide variety of different strategies that can be used to develop comprehension technique. As recognised in many of the previous studies mentioned, it is important to notice that many of the different strategies are interlinked and may depend on each other for success. Therefore, it may be necessary to note that finding an effective strategy to improve comprehension skills should involve the collaboration of a number of different strategies together to further enhance the learners’ possibilities of improvement. Another limitation to this could be time so it is necessary to find a balance between selection and variety of different strategies as well as thinking of the time it may take to instruct these strategies. 
School Policy and Practice
In terms of literacy standards, On the whole, School X achieves very highly. They feature in the top quartile of family schools and have shown progression in this area in the last year.  Most pupils display good understanding of comprehension texts and are usually able to extract information effectively from them (Estyn, 2017). However, Estyn go on to suggest that comprehension and reading could be improved further if pupils had a better understanding of how to use strategies that enable pupils effectively answer questions. Most pupils recall prior knowledge well and apply that prior learning effectively to grasp new concepts. However, in a number of cases, across the curriculum, a small number of pupils are not making sufficient progression. Thoung et al (2015), claim that pupil progress is the most defining factors of a successful School. In many of these cases where pupils are not making adequate progression, it may be down to a lack of recall of relevant prior knowledge, and in other cases, pupils rely too heavily on the class teacher for help and are therefore unable to make sufficient progress. The school improvement plan (SIP) for School X reflects observations made by Estyn, stating one of its priorities as improving literacy across the curriculum. The departmental improvement plan refers specifically to scientific literacy and comprehension and outlines that strategies need to be implemented such as improving access to prior knowledge as one such method to improving literacy in science lessons. Another thing that Estyn mentions is that in a minority of lessons, there is a very slow pace to learning, and in these cases often teachers fail to provide appropriately challenging tasks or activities that may be required to build new skills. In these lessons there is also too much support provided by the teachers which inhibits the amount of independent learning. Due to this, pupils, particularly the more able pupils, do not make sufficient progress. This is also one of the key foundations that underpins the new curriculum “Successful Futures”, that we need to develop independent and confident learners, so they can contribute to Wales and the wider World (Donaldson, 2015). This could also link in with another priority of School X which is to increase the number of pupils achieving five or more A/A* at GCSE. From the observations and recommendations made by Estyn, and the priorities set out in the school improvement plan and the departmental improvement plan, it could be argued that there is necessary basis for research into new strategies to tackle comprehension in an attempt to raise standards of literacy. Based on this and the extensive literature reviewed previously, a strategy that involves an amalgamation of the strategies reviewed, that is suitably challenging and still maintains a degree independent learning may be beneficial to School X. 
Methodology and Ethics 
The aim of this study was to provide an easily repeatable strategy that liked together a number of different techniques to improve comprehension whilst maintain or improving independent learning in secondary school pupils. The investigation used pre and post testing to examine whether the strategy was successful in improving comprehension of secondary school pupils. Pre and post testing refers to the giving participants a test at the beginning of an investigation, pre-test, prior to any external teacher intervention and the participants receiving the same test after educational intervention, post-test. This enables the researcher to assume that any improvements made are as a result of any materials or knew knowledge received during the intervention process (Wilson et al, 1998). In the case of this study the outcome of the post-test defines whether the intervention strategy improved the comprehension skills of 29 participants in School X. The reason for the procedure of pre and post testing was chosen is that this is a particularly favourable method of evaluating learner outcomes in education (La Barge, 2007). This is because as mentioned above, it allows the researcher to eliminate any other factors affecting the post test result aside from the intervention process. Another reason is that this method of evaluating results suits itself well to test groups of around 30 participants (Newton, 1999). It should be taken into consideration however that pre and post testing method of evaluating results could be subject to the tests themselves being a material that stimulates learning by repetition and practice, therefore the data could be swayed during the post-test as a result of the collective effects of the intervention and the repeating of the test (Draperet al, 1994). Therefore, this will be taken in to consideration when evaluating the data obtained from the research.
During research of this kind, social or educational research, it is essential that we take ethics in to consideration. Social research can be defined as any research that collates and analyses the views and or experiences of young people (Allison & Morrow, 2011). As stated previously, to preserve anonymity and comply with the Ethics Committee all individuals in the study will be referred to as Pupil 1, Pupil 2, Pupil 3 etc, and the school involved in the research will be referred to as School X (BERA, 2011).
 Before conducting the study, each participant was made fully aware of their rights, that their anonymity would be preserved, their data will be stored on an encrypted USB drive that is to be destroyed after the study is complete and that they were permitted to remove themselves from the research group at any point during the investigation. During the investigation process, participant treated exactly the same way and the research was delivered to each participant simultaneously by the exact same means. 
Immediately after briefing the participants, they were given the pre-test (Appendix A). The pre-test consisted of a comprehension style extract of information text describing how the national grid system works, the extract was then followed by 6 questions that related to the text, some of which required a degree of prior knowledge. The comprehension was taken from the WJEC GCSE specification and aims to assess scientific literacy competencies including, recalling information and data from the text, explaining scientific phenomena, inference skills and interpretation of data. 
The next stage of the research involved the strategic intervention. The intervention comprised of a variation of the inference square model (Appendix B). The inference square model aims to allow learners to breakdown the process of inferring to be able to link key vocabulary, prior knowledge and generate questions. It does this by providing a stimulus such as an image in the middle of the page that is encompassed by three concentric rectangles that have prompts to develop connections, and generate questions about the stimulus that allow pupils develop a deeper understanding of the stimulus. The stimuli provided in this study were the questions asked in the post-tests. The model of inference squares was adapted to form “inference arrows”. The aim of the arrows was to encourage pupils to link, compare and build on answers based on the previous and succeeding arrows. Each arrow prompted a different response and aimed to develop well educated response. In total there were 4 questions comprising of 4 different prompts:
Arrow 1 – Question 1 
The first of which included the question: What is the question asking you? This arrow immediately promotes pupils to start generating their own questions and answers about the information given in the text and in the comprehension question itself. From the literature studies earlier in the study, research done by both Taboada & Guthrie (2006) and Therrien & Hughes (2008) claims that when readers are able to generate questions about information they are reading it significantly improves understanding and comprehension. This is further reinforced by Weinstein et al (2010) who concluded that the when one generates their own questions about the text it not only has a positive effect on understanding but it improves recall and test results in comprehension based questions. 
Arrow 2 – Question 2
The second arrow asked the question; What information about the question do you already know? This question prompted the participants to activate their prior knowledge about the topic and begin linking it to the previous question. Although research by Cain et al (2001) deduced that activating prior knowledge had little influence on improving comprehension, the decision to include it in the intervention was based on research done by researchers such as Kostons & van Der Werf (2015) who claimed that activating prior knowledge has a beneficial impact on comprehension and understanding. This coupled with findings from notable scientists, psychologists and educators such as Piaget (1953) justified the incorporation of activating prior knowledge in this intervention strategy. Piaget affirmed that the in order for learners to learn new knowledge and develop new information, prior knowledge known as schemas need to be built upon. This process is known as the assimilation stage. This is also supported by researchers such as Andre (1987) and Day (2012) who both sustain that, for learners to develop new ideas and learn new knowledge they must build on their existing knowledge.
Arrow 3 – Question 3
The third question involved the participants answering the question: What information about the question can we get from the text? The aim of this question was to encourage participants to re-read the question and information and to establish the main ideas needed to answer the question, it stimulated them to delete any unrelated information and focus on the relevant information to answer the question. The motive for choosing this question was to incorporate as many strategies for summarising in a single question response. It incorporates at least three of the five main strategies suggested by both Moranzo (2010) and Dymock & Nicholson, re-reading text, removing irrelevant information, and selecting the main ideas. 
Arrow 4 – Keywords 
The fourth and final arrow simply prompted the participants to note down key words. There were two aims of this arrow. The first was to encourage the participants to identify the necessary key words in order to provide the basis for the four arrows together to act as a simple semantic organiser where the learners could piece together the relationships they have gathered form all of the four arrows and develop a visual representation of a successful answer. Justification for this inference arrow was based evidence from Condidorio (2010) who suggested that being able to construct a semantic map has particular beneficial effects on scientific comprehension. He links the ability to draw upon a visual representation of the relationship between the text and the question and the learners’ ability to work more independently. 
The inference arrows as a whole provide a “Multiple strategy approach” to confronting comprehension question it aims to build upon and integrate as many strategies as possible in a limited time frame whilst still challenging pupils to work individually. Another characteristic of the inference arrows that lends itself to the multiple strategy approach is the element of waiting time they allow the pupils to incorporate into their process of answering the question, where they are able to produce a mental and physical plan on how to answer the questions. Goodwin (1983) suggested that when learners were allowed appropriate waiting time it has profound effects on the pupils’ abilities to respond to questions, develop inferences and generate questions of their own. All of which, form the evidence seen in the literature review, contribute to improved comprehension and literacy skills. This is developed from research done by Rowe (1974) who maintained that it is necessary for educators to allow adequate waiting time to stimulate higher order thinking skills. However, Goodwin does also claim that having too much waiting time can have a detrimental impact on learning so it is important to find an adequate balance between giving pupils enough time to develop higher order thinking skills and waiting valuable learning time. Considering this, I believe as the thinking time was determined by the participants themselves it gave them the freedom to explore higher order thinking skills as well as providing them with the responsibility to complete the test, allowing them to be accountable for their own learning. 
 It is important to note that no new knowledge or information about the content of the pre-test was taught during the intervention process. The process of intervention simply consisted of a short teacher instruction on how to use the Inference arrows and apply them to answering the questions efficiently. The Inference arrows were given to each participant to use alongside the post-test. The post-test consisted of the same comprehension extract and questions as used in the pre-test, the difference being, each participant was actively encouraged to use the inference arrows to support them with the comprehension questions.  
Results 
Group A
	Pupil
	Pre-test Score
	Post -test Score

	1
	0
	1

	2
	1
	3

	3
	0
	3

	4
	0
	0

	5
	1
	0

	6
	0
	2

	7
	0
	2

	8
	0
	1

	9
	1
	2

	10
	1
	1

	11
	0
	0

	12
	2
	5

	13
	1
	0

	14
	1
	1

	15
	2
	3

	16
	0
	1

	17
	0
	2

	18
	0
	2

	19
	0
	2

	20
	0
	1

	21
	1
	2

	22
	1
	3

	23
	2
	2

	24
	0
	1

	25
	0
	4

	26
	0
	1

	27
	1
	2

	28
	1
	1

	29
	1
	2

	Total
	17
	50

	Mean
	0.586206897
	1.724137931

	Median
	0
	2

	Mode
	0
	2




Table 1: Showing participant’s test scores for pre and post testing, including averages.
	Pupil
	Pre-Test percentage (%)
	Post test percentage (%)

	1
	0
	12.5

	2
	12.5
	37.5

	3
	0
	37.5

	4
	0
	0

	5
	12.5
	0

	6
	0
	25

	7
	0
	25

	8
	0
	12.5

	9
	12.5
	25

	10
	12.5
	12.5

	11
	0
	0

	12
	25
	62.5

	13
	12.5
	0

	14
	12.5
	12.5

	15
	25
	37.5

	16
	0
	12.5

	17
	0
	25

	18
	0
	25

	19
	0
	25

	20
	0
	12.5

	21
	12.5
	25

	22
	12.5
	37.5

	23
	25
	25

	24
	0
	12.5

	25
	0
	50

	26
	0
	12.5

	27
	12.5
	25

	28
	12.5
	12.5

	29
	12.5
	25

	Mean (%)
	7.327586207
	21.55172414



Table 2: Shows percentage scores of pre and post-test including averages.

Figure 1: Shows percentage scores of participant’s pre and post test results.

     Figure 2: Shows percentage difference between pre-test and post-test

Evaluation and Discussion   
The results of the study aim to outline whether the implication of strategic intervention had any effect of the outcome of the pre and post-tests. Analysing the results will determine whether the strategies used in this study have any use within the classroom to aid the instruction of comprehension. 
As can be seen in Table one, the pre-test scores of pupils were relatively low, showing a variation of scores between 0 and 2 out of a maximum of 8 marks with the total score of all participants combined being 17 out of a possible 232. The original low scores of the pre-test could be attributed to a number of factors. The first of which is that the pre-test was taken from a GCSE Science TAMS test and the participants used for the research were a sample of year 8 pupils, meaning that they may not have been able to access the information. They would therefore be at a disadvantage immediately as they may be unable to decipher or decode the meanings of scientific vocabulary that they may not have seen before. Keenan et al (2008) concluded that in younger readers, the decoding and deciphering of word meanings has a greater influence on comprehension skills than in older readers. Considering this, this could have hindered the validity of the results. However, Cutting & Scarborough (2006) express that age does not contribute to the relative contribution of decoding to reading comprehension. Therefore, it could be argued that giving the pupils a test that is designed for older pupils would have no effect on the results relative to one another.
The second factor that may have influenced the relatively low scores was that the pre-test was that the topic of the test was “The National Grid”. This is a topic that the participants would not have come across in education at the time of the study. This therefore limits the amount of prior knowledge available to the participant which could consequently effect their ability to draw upon knowledge to aid the understanding of the text and the questions asked. There is a lot of research implicating that having a degree of prior knowledge about the topic of the text has both a positive impact on recall of the text and comprehension (Rawson & Van Overschelde, 2008). Conversely, as reviewed earlier, certain researchers such as Cain et al (2001) state that prior knowledge has a limited effect on the comprehension of text. However, since that activating prior knowledge is a significant aspect of the intervention stage of this study, it could be debated that the inability for the participants to draw upon previous experiences and prior knowledge for this exercise, it may have had a detrimental effect to the outcome of the results.
Despite the potential shortcomings of the pre-test, data from Table 1, Figure 1 and Figure 2, show that as an overall sample group, the participants made a clear improvement in their test scores. Rising from a total of 17 in the pre-test to a total of 50 in the post test (Table 2). Therefore, it could be maintained that the intervention strategy had a clear positive effect on the comprehension skills of the participants. This is backed up by the data in Table 2, showing that the average percentage score increased from 7.2% to 21.6% (Table 2), where 23 of 29 (79.3%) participants showed an increase in score. 
In respect to this, it should also be highlighted that although an average percentage increase of approximately 14% was observed that both the pre and the post-test had a maximum score of 8, meaning that each mark gained in the post test represented 12.5%. So although the most common increase was an increase of 25%, this only equated to 2 marks (Table 1) in the pre and post-tests. The average increase in marks was actually only just over 1 mark. This raises issues regarding the significance of the size of increase. This is due to the fact that we cannot completely assume that the only variable effecting the test results was the intervention process. As raised in the methodology section of this study, the use of a pre and post-test is the same cannot eliminate the fact that the tests themselves may have actually acted as a learning tool (Draperet al, 1994). Regardless of this, there is a clear improvement shown by the sample group in the post test results. This is shown clearly in Figure 2, where the bars indicate the percentage difference shown between the pre and post-test and also in Figure 1 where the trend line of the post test is clearly higher than the trend line of the pre-test, demonstrating that there is a general improvement across the sample after the intervention strategy was implemented.  
There are also certain pupils that show a significant increase in scores between pre and post-test after the intervention strategy was implemented. Pupils such as Pupil 1 and Pupil 3 who showed a 37.5% increase and Pupil 25 who showed an increase of 50% (Table 1 &2). This is possible evidence showing that the strategy had more of a greater effect on some participants than others, although the increases in score are relatively similar amongst all participants. An interesting observation seen in the data is that two pupils actually decreased in score in the post tests, Pupil 5 and Pupil 13. This decrease in score could be down to uncontrollable environmental factors or could also be used as evidence to suggest that these two pupils did not respond very positively to the intervention strategy Donaldson (2015) states that a there is not a “one size fits all” strategy and in instances where there is only one style used, educators may fail to meet the learning needs of all individuals in the classroom. Consequently, this could suggest that there should be an element of differentiation even in the intervention strategy to ensure that the strategy encompasses the individual participants’ needs. However, the class used in the sample was a top set class and the strategy was designed as to enable all individuals to be able to effectively use it.
Another factor to take into consideration is that during the intervention process there was no scientific content actually taught. This was an attempt to limit any external variables relating to the outcomes of the post-test, so that the only variable being tested was the comprehension instruction strategy used in the intervention rather than any other factor such as newly acquired knowledge from the teacher or from any peers during the intervention. Because of this, the pre-test, post-test and intervention were all done under test conditions. This also limited the strategies that could be implemented in to the inference grid. Berne & Clarke (2008) advocate the use of pupil led discussion to support and bulid upon their comprehension proficiency. They add that especially when involving scientific comprehension, these peer group discussions can allow pupils to describe and explain abstract concepts, which improves understanding and encourages the use of higher order cognitive skills. Samway et al (1991) add that using discussion groups also develops learners’ confidence in a certain topic and consequently supports the ability to comprehend the text.  This could provide an argument for the use of discussion in the intervention process and to make slight adjustments to the inference arrows to allow for pupil discussion. 
Conclusions and Future development 
The aim of this study was to attempt to find a support strategy to assist pupils to develop their scientific comprehension and literacy skills. To provide scaffolding and a schema to support learners when faced with comprehension questions whilst still challenging pupils to develop inferences and conceptual understanding of information texts.
Overall findings during the study show that the intervention process succeeded improving results of a group of 29 participants from School X. However, there are a number of outstanding factors that inhibit our ability to be able to deem the introduction of the instruction strategy a success.
Perhaps the most important feature hindering the validity of the results of this study is that there is no evidence to suggest that this strategy would have any effect on comprehension and literacy skills in the long term. Kosanovich et al (2010) claim that if individual comprehension strategies are not regularly, pupils are unable to continuously replicate them and therefor provide little benefit to log term literacy skills. In light of this, research done by Block et al (2008) promotes the idea of “fast mapping”. Fast mapping is defined to be, six or more complex mental experiences where the reader is able to develop an individual strategy before developing another. Considering this, if this was to applied to this research, increasing the intervention time and therefore time between pre and post testing would allow pupils to continue to replicate the strategy using a variety of text types. This may encourage “fast mapping” of the strategy and may consequently provide evidence for long term improvement in literacy and comprehension. However, in this instance the study was limited to a very short period of time as to obtain the results.    
Another factor that could have adverse effects on the study is the limited access to prior knowledge the participants had. Due to the fact that the comprehension text and the questions chosen were extracted from a GCSE level topic, the participants in the samples may not have come across the topic before and would therefore have a very little if any background knowledge about the topic of choice and could have therefore have inhibited their abilities to gain marks within the tests.  It could be debated that this is the reason why the pupils’ marks in both the pre and post-test were relatively low with the majority of pupils scoring around 2 marks. As stated previously, despite research done by Cain et al (2001) suggesting that learners having the ability to access prior knowledge is not a limiting factor to successful comprehenders, it was one of the underpinning features of this study. It is widely acknowledged that being able to draw on prior knowledge has vast benefits on learning and on comprehension (Rawson & Van Overschelde, 2008). Piaget (1953) put forward the idea that new knowledge is forged by the moulding together of new ideas and concepts already learned. This is also built upon in various research such as Day (2012) and Andre (1997). The abundance of research based upon the benefits of activating prior knowledge to support comprehension skills provided clear justification for the inclusion in the intervention strategy. It should therefore be considered that a selecting a comprehension text and questions that better reflect the abilities of the participants may have produced more concrete results. 
In conclusion, it could be debated that the strategy implemented during the intervention process has clear benefits to reader’s comprehension abilities. This can be seen by seen in Table 1, Table 2, Figure 1 and Figure 2. The results show that a relatively high percentage of pupils improved their scores in the post-test after the intervention was had taken place. However, to definitively answer the question, does this strategy improve scientific comprehension and literacy skills in secondary school pupils? Further research needs to be taken out. The limitations of the present study need to be considered, specifically; more time needs to be dedicated to the intervention stage of the research so pupils can have the chance to transfer the new skills learned from the strategy into the long term memory so it can have more effect on their literacy indefinitely, not just when presented with scaffolding. Secondly, more attention needs to be given to the abilities and ages of the participants in the group and the choice of pre and post-test material presented to them. This may enable pupils to use their prior knowledge to further integrate new ideas and subsequently further develop their literacy skills.  
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