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Investigating the impact of higher order questioning on pupil outcomes: Do higher order questioning strategies lead to increased understanding and attainment in science?

Introduction
When developing effective pedagogy and practice, it is important that teachers consider what they intend to achieve, and how this relates to who they are as individuals (Moore, 2004). Britzman (1989) highlights that the development of pedagogical style should not be a ‘passive’ process, with practitioners taking an ‘active’ role in honing strategies and techniques that maximise impact. This research focuses on questioning strategies used with secondary school science students, with the intention of raising both pupils’ understanding and pupils’ attainment. Emphasis will be placed specifically on the impact of such techniques on pupils who are eligible for free school meals (eFSM), as there is a well-established link between eFSM eligibility and lower attainment (Egan, 2007).
There is a strong evidence base detailing the impact of poverty and disadvantage on educational attainment, with social class exhibiting a ‘large’ and ‘direct’ effect on pupil outcomes (Sullivan, 2001). Results from PISA examinations indicate that significantly less pupils in Wales are achieving the highest grades when compared with other countries. For example, the proportion of students achieving a level 5 or 6 in science has decreased by 6% since 2006 (Welsh Government, 2015b). The data also highlights that Welsh students are achieving comparatively ‘low’ reading grades when compared to the OECD average. ‘Approximately 40%’ of the students included in the study were from disadvantaged socio-economic backgrounds (Welsh Government, 2015), which reinforces the notion that the association between disadvantage and low educational attainment in Wales remains ‘strong’ (Estyn, 2011). Although these PISA assessments are not necessarily representative of the entire population of children in Wales, as some schools are not eligible to participate (Bradshaw et al, 2010), their use has resulted in significant policy reform in Wales (Breakspear, 2012). Furthermore, given that ‘200,000’ children in Wales currently live in poverty (Egan, 2012), it is seems clear that the association between educational attainment and disadvantage should, and does, remain a ‘government priority’ (Dunne & Gazeley, 2008). Egan (2007) argues that while previous government policy has focused on improving outcomes for all young people in Wales, future policy should place greater emphasis on the needs of the most deprived (i.e eFSM students), in order to improve the opportunities for both individuals and families trapped in a cycle of poverty.
In response to these issues, this research aims to investigate the impact of higher order questioning skills on eFSM pupil outcomes and attainment in Science. Teaching strategies promoting higher order questioning and thinking will be implemented, with a particular focus being placed on their effectiveness with students who are eFSM. Data will be gathered and compared to data from students not eligible for free school meals (n-FSM), to identify and evaluate the chosen techniques. The strategies implemented will stem from extensive research of techniques that have proven effective for other practitioners and theorists (Education Endowment Foundation, 2018). Emphasis will be placed on strategies that are considered to be effective in narrowing the well-established gap in attainment between eFSM and nFSM students (Welsh Government, 2015). These techniques will be critically assessed before research takes place, and subsequently afterwards to evaluate their effectiveness on maximising the outcomes of e-FSM students.

Context
This research focuses on ‘School X’, a mixed gender school currently in the amber support category, comprising of 700 students between the ages of 11-16 (mylocalschool.gov.uk, 2018). Strategies that encompass higher order questioning, and which may respond to the specific needs of eFSM students, will be evaluated in terms of their impact, and recommendations made in accordance with the effectiveness of said strategies. The school itself, as well as individual staff members and students included in the research will not be identifiable from the contents of this report, in order to preserve anonymity (BERA, 2011). The sample will consist of a KS3 science class, consisting of 19 mixed ability students. 6 eFSM students are present within the class in question, identifiable through data made available to the researcher as their classroom teacher. Students will be recruited on the basis that they are members of the class that this research focuses on. They will be given the opportunity to decline to take part in the research for any reason. Furthermore, participants who are members of the focus class or engage with questionnaires will be fully informed of the purposes of this research before consenting to providing data (BERA, 2011). 19.4% of the pupils at ‘School X’ are eFSM, which is above both the local authority and national average (mylocalschool.gov.uk, 2018). The large proportion of eFSM pupils at ‘School X’ highlights the need for effective interventions, whilst also giving a broader scope through which to assess their impact. 

Strategies
Osbourne and Dillon (2010) advise that students should be taught universally accepted scientific explanations as a supplement to their own constructed ideas, to establish a well-rounded perspective on the topic at hand. This seems appropriate, as it means students are exposed to the widely-accepted beliefs of others but possess the ability to form their own explanations.  Osbourne and Dillon’s recommendation has been previously addressed, to some degree, amongst social constructivists, such as Vygotsky (1978) and Bruner (1966). Here, students are given freedom to construct an individual understanding through interaction with their peers and environment, whilst receiving guidance from more knowledgeable figures such as teachers. This guidance often manifests itself in the form of effective questioning techniques and discussion.
In relation to the teaching of science specifically, Ramnarain (2011) highlights that effective questioning can be used during a given lesson to extend a student’s comprehension of the topic at hand, stating that a dialogue between teacher and student often resembles ‘apprenticeship’. This technique, building upon the social interaction focus of social constructivists, such as Vygotsky (1978), challenges a given student’s comprehension, allowing them to participate in activities that they would not necessarily be capable of without guidance. Ramnarain (2011) comments that practitioners should use strategies which allow students to ‘change their mind on their own’, by means of open ended questions which challenge students understanding. Instead of simply dictating the correct answer to a student, the teacher is required to guide a student’s thinking until they arrive at the correct answer. This is particularly relevant to science education, as it seems to promote internal deduction and analysis. If science students are simply provided with the correct explanation for a given phenomenon, it could be argued that their understanding would be limited. Self-regulated learning is likely to foster a deeper understanding of the subject matter, with open ended questioning leading to a valuable discussion between class and teacher (Paris, 2001). Van Zee et al (2001) builds on this notion, suggesting that presenting a class with a broad, open ended question, promotes deeper level thinking amongst students.
When considering the impact this may have on eFSM pupil outcomes specifically, it is important to consider the opportunities available to these pupils to engage in higher order thinking and develop their understanding. A study by the Welsh Government (2015) highlights that more affluent pupils may have the opportunity to develop an additional level of understanding through interactions with family members, or simply resources in the home. This may not be the case for an eFSM pupil, who may have limited access to the resources required to extend their understanding (e.g books, internet) (Wales Centre for Equity in Education, 2014). Furthermore, it may be the case that eFSM students struggle to engage with science-based discussions due to the specific and unique language required (Osbourne and Dillon, 2010). Egan (2007) notes that this is potentially due to an increased likelihood of experiencing additional learning needs or low literacy levels amongst eFSM pupils, coupled with the probability of decreased parental involvement. This relates to the concept of cultural capital (Welsh Government, 2015). Cultural capital can be defined as a familiarity with the prevailing culture in a given society, with particular reference to effective language use and comprehension, as well as the resources available to potential students in the community and the household. A study by Sullivan (2001), suggests that cultural capital is transmitted from parents to their children, and is significantly more influential in relation to educational attainment than the effect of choice of school, for example. The study garners support for the hypothesis that linguistic ability and cultural knowledge are considered to be directly related to an individual’s home environment. It is reasonable to suggest that the use of higher order questioning strategies could act to enhance and develop both this linguistic proficiency, and subsequent conceptual understanding (Osbourne and Dillon, 2010).
King (1994) notes that during a student’s formulation of new or updated knowledge, links between previous pockets of knowledge are created or altered in order to more accurately reflect the individual’s cognitive representation of a given concept. To maximise comprehension and facilitate effective recall, King argues that additional and ‘better’ neural links must be formed, which correlates with empirical research concerning memory and information processing (Atkinson & Shiffrin, 1968). It seems evident that a key factor to consider when aiming to promote these ‘better’ neural links is an individual’s previous knowledge, given that connections are made between previously held areas of understanding. Wells (1999) suggests that a form of questioning known as ‘Initiate, Respond, Evaluate (IRE) can be effective in establishing a students previous knowledge base, and therefore provide a starting point from which to target further questions. This strategy involves the teacher initiating a dialogue by asking a question, a student responding, and then receiving an evaluative comment from the teacher. It could be argued that this form of questioning is overly authoritative, and limits student involvement by only requiring short, often one-word answers (Lemke, 1990, Scott & Mortimer, 2003). A less structured approach, coupled with the use of open-ended questions, can act to initiate higher order thinking, and therefore promote more effective cognitive processing (Nystrand et al, 2003). Naylor & Keogh (2000) suggest that the use of ‘concept cartoons’, in which students are required to explain scientific phenomena after considering the opinions of others, can be effective in promoting higher order thinking and productive discussion, once an effective knowledge base has been established. Consequently, it seems reasonable to suggest that the use of a modified IRE approach, with the inclusion of open ended questions, would be suitable to establish a knowledge base, before securing that knowledge using a concept cartoon.
Leading research in the field of effective questioning can provide a suitable framework for enhancing scientific comprehension skills as part of daily pedagogy. Bloom (1956, 1971) provides a taxonomy of the reasoning skills required to facilitate effective development of knowledge amongst pupils. This taxonomy is divided into six levels, progressing from basic ‘knowledge’ level questions, which focus on recall of information, through to the ‘evaluation’ level, in which students assess and draw conclusions based on information presented to them. In relation to science education, this would allow students to access and apply their knowledge of scientific concepts, in order to truly understand their importance in terms of explaining unfamiliar situations and phenomena (Ramnarain, 2011). Forehand (2010) argues that Bloom’s framework has ‘stood the test of time’, as it allows practitioners to gradually develop pupils’ knowledge, understanding and skills, by moving up through each stage of the taxonomy. Given that the taxonomy is hierarchical, the assumption is that if a student has mastered one level (e.g evaluation), they have also mastered each level below due to the higher order thinking skills required. However, Anderson and Krathwohl (2001) highlight that the relative age of the research creates a necessity for revision, given that the ever-changing nature of the educational landscape. An updated version of Bloom’s taxonomy has been developed (Forehand, 2010), in which the terminology has been altered to make the tool more accessible to both practitioners and pupils. In this version, ‘knowledge’ becomes, ‘remembering’, and ‘evaluation’ becomes ‘creating’. This seemingly minor alteration gives rise to a hierarchy which can be understood and used more effectively, making the planning of questions (by teachers or pupils) a more user-friendly process. In addition, the simplification of the language used responds to the identifiable needs of eFSM students, or students with low literacy levels (Sullivan, 2001).
While the strategies outlined by Bloom (1956, 1971) and Forehand (2010) are designed to be cross-curricular, their use can be optimised for science education specifically. Lord et al (2007) note that, in general, science is taught in terms ‘detailed, factual content’ which results in a tendency amongst science students to focus on recall of definitions and key terms. Osbourne and Dillon (2010) would argue that this does not reflect the detailed and evaluative understanding required to master the subject. Lord et al (2007) expand on this, highlighting the effectiveness of the higher order questioning techniques outlined by Bloom (1956) in enhancing comprehension of the subject, and subsequent outcomes. While this research is focused on undergraduate students, the hierarchical nature of Bloom’s taxonomy, and the extensive evidence base, suggests that the same principles should apply to any pupil, regardless of age or proficiency, providing that the lower levels of the taxonomy are mastered initially. With this in mind, it seems reasonable to suggest that secondary school practitioners would also benefit from using the taxonomy, providing it is tailored towards the needs of the individual student. Given that eFSM students often have multiple and complex needs, it is therefore pertinent that the practitioner has an understanding of these before formulating questions, in order to ensure they are not pitching questions at too high of a level. This measured approach would allow pupils to develop their understanding in increments and avoid the pitfalls of ‘enormous misunderstandings’ of ‘basic concepts’ highlighted by Lord et al (2007). 
Crowe et al (2008) echo this viewpoint, citing Zoller (1993) who argues that students often experience difficulty in tackling complex and higher-level science-based tasks, due to an overabundance of lower order cognitive skills in their teaching. Crowe et al argue that if practitioners rely on rote learning and repetition, their pupils will not develop the well-rounded perspective required to excel as a critical and evaluative scientist (Osbourne and Dillon, 2010). To respond to this issue, Crowe et al developed a matrix of science specific activities that correlate with the hierarchy outlined in Bloom’s taxonomy (1956). These activities start at the lowest level, with tasks such as gap-fills focusing on recall and identification and expand to include activities such as extended writing pieces which require pupils to critique and evaluate an experiment or hypothesis, for example. This highlights an opportunity to embed Bloom’s taxonomy (1956) into written tasks, rather than discussion-based tasks alone. Furthermore, the fact that Crowe et al’s research focuses on undergraduate students, who continue to experience difficulty expressing their scientific knowledge when higher order cognitive skills are required, exemplifies the need to embed the development of these skills at earlier stages of education. It seems written tasks incorporating higher order thinking skills should be considered of equal importance to discussion-based tasks, given that language-based activities ‘predominate’ science classrooms (Newton et al, 1999).

Methodology
This research project will use mixed methods to generate both quantitative and qualitative data that explores the impact of higher order questioning on eFSM students’ outcomes. Research will focus on the performance of students in a select KS3 science class, with specific attention paid to those that are e-FSM. Students will be identified as e-FSM by consulting data available to classroom practitioners at the school in question. The research will focus on strategies that promote the use of higher order questioning and thinking skills in science (Osbourne & Dillon, 2010), with particular emphasis on those that are suggested to be effective in raising attainment and boosting comprehension (Lord & Baviskar, 2007, Crowe et al, 2017, Bloom et al, 1971, Naylor & Keogh, 2000). Research will include a survey of students in a selected KS3 class to gain an insight into their comprehension of lesson content and confidence in the subject. The survey (Appendix i) will generate quantitative, easily comparable data to highlight any differences between eFSM and nFSM students. The survey will include an assessment of students’ confidence in responding to questions during lessons, as there is evidence to suggest that the self-esteem of eFSM pupils is generally lower than that of their nFSM peers (Finnegan-Davies, 2015). It is reasonable to suggest that lower confidence may lead to a lower frequency of engagement, which would have a subsequent impact on the effectiveness of pedagogical strategies (Osbourne & Dillon, 2010). Therefore, it is an important metric to consider and will be analysed alongside class data and educational outcomes.
Strategies that promote higher order questioning/thinking will be implemented in line with recommendations from previous research. These strategies will then be evaluated in terms of their impact and effectiveness in relation to eFSM and nFSM pupils within the class in question, allowing identification of the most suitable strategies for maximising the outcomes of eFSM pupils. This will allow the researcher to make recommendations in order to inform future practice both on an individual and whole-school level. The strategies selected incorporate elements of social constructivist pedagogy (Vygotsky, 1978), by placing an emphasis on self-regulated learning, moving away from more authoritative questioning approaches (Wells, 1999). Questioning will be modified across a sequence of lessons in accordance with recommendations from Forehand (2010) and Lord et al (2007) to promote higher order thinking skills amongst students and establish a secure knowledge base. This will provide an opportunity to challenge students at a level that is appropriate to their current understanding (Bloom, 1971, King 1994). Research from the Education Endowment Foundation (2018) highlights that questioning must begin with activating prior knowledge, whilst being monitored by the teacher to ensure it is purposeful, challenging and effectively builds upon a students currently held beliefs. Correlating with the research of Bloom (1971) and Ramnarain (2011), this technique can then be used to move students towards forming their own explanations. 
An effective method of facilitating this approach can be through the use of concept cartoons as part of a whole class discussion (Naylor & Keogh, 2000). Kabapinar (2005) notes that concept cartoons can be used to uncover students’ prior knowledge, scaffold focused discussions and reveal the reasoning behind individual misconceptions. This is particularly relevant to science education, given it’s abstract and conceptual nature (Osbourne & Dillon, 2010). Kabapinar goes further to state that the impact of concept cartoons is maximised when coupled with targeted questioning based around the principles of higher order thinking. Additional strategies can be gleaned from the research of Crowe et al (2008), which respond to the need for constructive written based tasks (Newton et al, 1999). Writing ‘frames’ (Wray and Lewis, 1997) can be used as a means to guide students through the various stages of Bloom’s taxonomy (Bloom, 1956) used by Crowe et al (2008) and would work effectively in allowing students to build their confidence and understanding incrementally (Wellington and Osbourne, 2001). When used in conjunction with concept cartoons (Kabapinar, 2005), which can act to activate prior knowledge and guide students through the initial stages of the taxonomy, writing frames could be an effective means of promoting higher order thinking skills.

Findings
Responses to the survey included all members of the sample and produced data that showed little distinction between eFSM and nFSM students. The survey was administered before introducing any of the selected pedagogical strategies, with questions focusing on student confidence and readiness to engage with lesson content. A 5-point likert scale (Allen and Seaman, 2007) was used to assess student confidence in various areas ranging from willingness to answer questions during class discussions to perceived levels of effort in their responses (Appendix i). The data indicated a significant majority of students felt confident answering questions (85%) and felt that answering questions correctly boosted their confidence (78%). Many students did, however, highlight a difficulty in finding the correct vocabulary to express their knowledge (71%), with a significant proportion (42%) preferring to answer questions in front of the class. Most students (64%) also noted that whole class discussions help to develop their understanding of a topic. With the exception of 1 student, eFSM students responses indicated confidence for most, if not all, questions answered. The data suggests that the implementation of the selected pedagogical strategies, namely concept cartoons and writing frames, would be reasonably effective given that most students are prepared to engage in whole class discussions which would take place during concept cartoon based activities (Kabapinar, 2005). Furthermore, students have expressed a difficulty with finding the correct vocabulary when explaining their ideas, perhaps more so if they require higher order thinking. The use of writing frames should respond to this need appropriately, and guide students through the higher order thinking skills required to form cohesive explanations (Wellington and Osbourne, 2001).

After analysing questionnaire data, it seemed that the sample class was well suited to the selected strategies, and therefore the impact of said strategies would be maximised. The use of concept cartoons and writing frames were carried out on a lesson by lesson basis, during a unit of work focusing on kinetic theory and the behaviour of particles in different states of matter. Concept cartoons were used as a starter activity, with the intention of provoking a detailed and focused discussion surrounding the topic of a given lesson, whilst also eliciting the prior knowledge of individual students. For example, during a lesson involving state changes, a concept cartoon was used that displayed a glass of iced water with condensation on the outside. This gave students an opportunity to access their prior knowledge and consider the opinions of others (Naylor and Keogh, 2000). Targeted questioning in line with guidance from Ramnarain (2011), Bloom (1956, 1971) and Forehand (2010) was used extensively to challenge students answers and promote effective discussion. Forehand’s guidance on language was included, as well as that of Lord et al (2007) to incrementally guide students towards higher order thinking processes, starting with ‘can you remember…’ based questions, and moving towards ‘explain why…’ or ‘how could we investigate…’ style questioning. To assess the impact of this technique in a more quantifiable manner, a written task was assigned that required students to apply their newly formed knowledge by answering higher order questions. This took the form of writing frames which guided students through explaining particular concepts such as state changes, or how they would modify a practical investigation. This was levelled in line with School X’s marking policy. All nFSM students improved their level when compared to the previous task, which was completed before the research took place. Two of the six eFSM students achieved the same level as they had previously, two eFSM students improved by one level and two eFSM students improved by two levels. While it seems the strategies selected have had a positive impact on students comprehension of the topic, as well as their ability to tackle tasks that require higher order thinking skills, the impact on eFSM students is not as clear cut when compared to that of nFSM students. However, from the practitioner’s perspective, all students appeared more confident in expressing their knowledge verbally and demonstrated a dramatically increased level of detail and quality in their answers. 

Conclusions and Reccomendations
Before commenting on the data gathered in terms of both student confidence and levels of attainment, it is important first to consider any potential limitations of the methodology. The relatively small sample size and limited time frame (5 lessons) through which the research was conducted made it difficult to draw wide generalisations from any conclusions drawn (Charter, 2010). Furthermore, it should be noted that for the majority sample class chosen, attainment data indicates a general upward trend in grades, both before and after the implementation of the selected strategies. This suggests that the increase in attainment may not be attributed to the use of concept cartoons and writing frames alone. Despite this, both strategies used seemed to be effective in promoting higher order thinking skills, and subsequent comprehension of the concept being taught. Furthermore, there appears to be a difference in the effect of these strategies on eFSM and nFSM students, which is important to explore if we are to continue to work towards narrowing the attainment gap (Egan, 2007).
In terms of student attainment, it seems that the strategies used benefited all nFSM students equally, with each student achieving one level higher than they had previously. For their eFSM counterparts, this was not the case. Egan (2007) notes that eFSM students are more likely to have additional learning needs, which may make it more difficult for some eFSM students to engage with certain aspects of pedagogy. This effect is compounded if the student in question experiences language difficulties, lacks access to educational resources at home or lacks parental support, a situation which is more likely amongst eFSM students (Wales Centre for Equity in Education, 2014). With this in mind, it seems that the mixed effect of these strategies amongst eFSM learners could be attributed to their widely diverse backgrounds and educational experiences (Estyn, 2011, Egan, 2012). Consequently, care should be taken to ensure that eFSM learners are receiving targeted, tailored support, in addition to other pedagogical strategies being used as part of daily practice (Ainscow et al, 2012). While some of the eFSM students in the sample class did experience extra support due to additional learning needs, such as teaching assistants, there may still be further levels of support that can be provided to them to allow them to progress further (Education Endowment Foundation, 2018).
Both strategies selected rely heavily on the principles outlined in Bloom’s taxonomy (Bloom, 1956, 1971). While revisions of the taxonomy, such as that of Anderson and Krathwohl (2001), have responded to criticisms of the research, there are alternative models of information processing that can act to inform pedagogy. For example, Biggs and Collis (1982) developed their SOLO taxonomy, which provides a systematic method of describing learner progress over tasks with increasing complexity by including visual representations of learning. However, although this method has garnered some support (Brabrand and Dahl, 2009), it has faced much criticism, to the point of being labelled a gimmick by some (Didau, 2014). It seems that Bloom’s taxonomy is arguably one of the more accessible methods of promoting higher order thinking, given its widespread support and implementation (Forehand, 2010). Consequently, it is reasonable to continue to make use of Bloom’s based pedagogy, providing that this is in conjunction with other strategies that may respond specifically to the needs of eFSM students (Ainscow et al, 2012). It is the recommendation of this research that the use of concept cartoons (Kabapinar, 2005) and writing frames (Wellington and Osbourne, 2001) are likely to be effective in promoting higher order thinking skills amongst students, providing they are implemented in line with guidance on the use of Bloom’s taxonomy (Anderson and Krathwohl, 2001). Furthermore, tailored support should be provided to eFSM learners when using these strategies (Egan, 2007), to maximise their impact and ensure each student has an equal opportunity to progress. 
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Appendices
Appendix I
Sample Questionnaire
Name:
Science Questionnaire
Circle the answer that best describes how you feel about each statement

1. I feel confident answering questions in lessons.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree
2. I feel confident putting my hand up to answer a question.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree
3. I get a confidence boost if I answer a question correctly.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree
4. I let other people in the class answer questions, even though I know the answer.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree
5. I sometimes know the answer to a question, but I am not sure how to explain it.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree
6. If I answer a question correctly, I feel more confident about the topic.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree

7. Talking/discussing topics as a class helps me to understand them better.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree
8. I would rather answer a question in small groups than in front of the class.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree
9. I am not worried about making mistakes.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree
10. I don’t always put my best effort into answering questions.
Strongly agree      Agree       Unsure      Disagree       Strongly disagree
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