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ECAD 7004 Assignment
Aims, Focus and Purpose of the Research

The aim of this assignment is to implement Assessment for Learning (AFL) strategies during worked examples to assess if they improve understanding of pupils in a secondary school maths lesson.  This assignment is based on improving conceptual understanding of maths topics and the ideas are based on current training that has been given to maths teachers by a leading expert, Craig Barton (2024).  The current research is supported by Black et al. (2004) who have evidence to support that when AFL strategies are used correctly there are no better ways to improve standards of education in the classroom.  The objective of this assignment is to use observation methods to measure the effectiveness of AFL methods on understanding of a given topic, as well as using questionnaires to gain participants opinions on the effectiveness and implementation of the AFL techniques used.
The Welsh Government (2019) has set out teaching standards that support the development of the four purposes of the new curriculum for Wales (CFW) which include developing teaching pedagogy that maintains a sustained effort and resilience in learners as well as progression in learning that will hopefully lead to a more prosperous Wales.  An inductive approach will be taken using innovative questioning techniques, and it is hoped that the researcher can develop and improve their teaching methods, evaluate them and continually provide excellent standards of teaching that improve mathematical ability and confidence in line with the Welsh Government (2023) aims.
The research will be carried out in what will be referred to as school x to comply with BERA (2018) guidelines.  School x is an English-medium mixed 11-18 comprehensive secondary school and is situated in a town in South Wales.  According to the latest Estyn (2018) report there were 1167 pupils on roll with 44% of pupils having additional learning needs (ALN) which is above the national average at the time of 22.9%.  The research will take place in a year 10, set three maths class over two lessons which can be considered representative of the year group.

The Research Question is ‘How does questioning Year 10 pupils during scaffolded examples affect understanding?’

Literature Review

Vygotsky (1978) proposed that one’s potential for learning is based in what he termed the zone of proximal development (ZPD).  The ZPD is a theoretical framework where a child can extend their learning and knowledge with guidance from a more knowledgeable other.  Barton’s (2018) interpretation of the best way to teach novice math learners is in line with Vygotsky’s work, with scaffolded worked examples thought of as the most efficient way for learners to acquire knowledge.  The research carried out by Vygotsky has been cited in numerous research studies and is considered to have had a profound impact on education across the world.
The Welsh Government (2020a) have introduced the new curriculum for Wales (CFW) and has included a statement of what matters to support teachers in enabling learners to develop an increasingly sophisticated understanding and application of their education.  To implement this, thought must be given to how teachers can create the best conditions for learners to learn in.  Coe et al (2020) research suggests that creating a supportive environment that promotes learner motivation through feelings of competence as well as creating a climate of high expectations and challenge will contribute to improvements in education.  The dynamics of teaching can be multi-faceted and how improvements are to be made are outlined through the professional teaching standards of the Welsh Government (2019).
To teach information to pupils and for them to be able to use that information in the future, Sweller (2019) suggests that it must be processed in a limited working memory store before it can be retained in long term memory, and thus allow transference back to the working memory when required.  As the working memory is thought to have limited capacity it can be considered important not to cause cognitive overload whereby too much information is presented at one time which inhibits its retention.  Kennedy and Romig (2021) suggest providing clear and concise instruction connected to previous background knowledge with worked examples as effective methods of reducing cognitive load for learners.  Chen et al. (2017) research suggests that in the absence of previously acquired information, working memory capabilities were fixed and that cognitive effort can lead to working memory resource depletion, however they suggested that the spacing effect may have educational implications.  The research suggests that when presenting new information teachers should be careful not to overload pupils with information as it will inhibit their learning. 

The cognitive load theory supports the use of worked examples as an effective way to reduce overload.  Hattie and Yates (2014) consider the worked example effect to be one of the most robust findings from applied psychological research, with learners being provided with the necessary scaffolding to complete a task before applying the logical transfer of knowledge to complete a similar task.  It is through structured guidance that the cognitive load is reduced which should maximize opportunities to learn through efficient use of time as well as activating hard thinking allowing learners to progress to more independent learning as suggested by Coe et al. (2020).  This method is also in line with Welsh Government (2020b) principles of progression which state that learners should deepen and broaden their knowledge and understanding, improving their skills over time,
A good, worked example may only be effective for learners’ progression if the learner is taking responsibility for their own learning as described by the Welsh Government (2019) teaching standards.  Willingham (2003) introduced the concept of ‘memory is as thinking does’, with learners listening to explanations being differentiated from actively thinking about what has been said.  The considerations here are that by listening to what has been explained, shallow learning can occur where some information can be retained, however if a more in-depth understanding is to occur then the use of AFL strategies is required to discover if learners are actually thinking about what has been said.  Black et al. (2004) consider the use of AFL as the best way of improving teaching standards and gaining feedback from learners as to their current levels of understanding vital in informing the next step in teaching.
The method of questioning pupils on their understanding of a topic can be considered as good practice, however the application of this process requires careful thought if it is to be successful in increasing engagement and therefore understanding.  Rosenshine (2012) principles of instruction are developed from master teachers and cognitive science and support the use of worked examples, asking numerous questions to check for understanding and guided student practice.  William (2014) research suggested that pupils should be selected at random to answer questions and that learners were more likely to engage in listening if they thought that they may be asked questions on the topic being taught.  This can be considered as a strategy that will take time to establish and become routine but would not give pupils an option of opting out of answering questions and could therefore help to increase the engagement of all pupils which would support the Welsh Governments (2024) aims that all pupils make progress.
The Welsh Government (2023) has a long-term vision to create a positive change in mindset towards mathematics to support learners’ acquisition of experiences, knowledge and skills.  Boxer (2019) considers one of the most powerful ways to ensure learners become motivated is through improving their competence in a subject.  For learners to improve their competence, Keller, Davidesco and Tanner (2020) research suggests that what they pay attention to is key to their learning.  The research findings therefore suggest that for pupils to improve their understanding of a topic they must first be paying attention to what is being taught if they are to develop their knowledge and skills and create a positive mindset.

It can be considered that developing AFL techniques that maintain active pupil engagement in their learning are required to improve mathematical ability.  Barton (2024) has been delivering training to math teachers in Wales, giving directions on questioning learners during worked examples to check that they are listening and giving learners moments of success.  The principles behind this training are that by checking learners are listening and retaining the basic processes of a topic, when it comes to applying their new knowledge, their cognitive load has been reduced, which should in turn free up space in their working memory that can be used to complete a task.  These questioning techniques and giving learners moments of success may help develop a positive mindset towards math and accomplish the aims outlined by the Welsh Government (2023). 

Explanation of Case Study

Yin (2014) considers a case study to be an empirical inquiry that investigates a contemporary phenomenon in depth and within its real-life context.  Yazan (2015) discusses the difficulties in defining a case study as it does not have well-defined and structured protocols, with research methodologists lacking in consensus on design and implementation.  It can therefore be considered as open to interpretation and application as to what a case study is and can be.  However, Demetriou (2013) considers the versatility of a case study as a strength as it can develop understanding of a complex issue that no other research approach can do.
A case study approach allows researchers to develop in depth subjective understanding of the selected case, particularly when ‘how’ and ‘why’ questions are posed which Yin (2014) considers to be exploratory in nature.  Hitchcock and Hughes (1995) consider case studies to be of value when the research aims are to provide practitioners with better ways of doing things.  By selecting a case and studying it specifically it allows for a research question to be tested in a real-life context that can develop new theory or improve and evaluate existing professional practice.  This approach can be considered as beneficial in classroom-based research as it allows for the development of new teaching strategies to be analysed in the intended setting.
The case study approach has been subjected to criticisms of lacking reliability and validity with issues around the researcher’s subjectivity and positionality.  Demetriou (2013) raises the issue that single case studies lack generalizability beyond the immediate case and are not representative of the entire population.  However, the alternative view is that case studies are not trying to provide generalisations for the whole population with Donmoyer (1990) cited in Hitchcock and Hughes (1995) suggesting the advantages of case studies are that they can widen our experience of education, help view reality through the eyes of others and prevent defensiveness and resistance to learning.  The aim of a case study is not to find generalizations, it is to improve knowledge, which could lead to further research on a wider scale that may make it possible to establish generalizations. 
There are differences of opinion when discussing the validity and reliability of a case study.  The concept of triangulation as proposed by Denzin (1978) cited in Saez Bondia and Cortes Gracia (2022) aims to improve validation, with the use of mixed strategies for analysis that allow for different perspectives to viewed.  By using different methods such as questionnaires and observations it allows for multiple perspectives to be viewed on the ‘case’ and a more in depth ‘study’ of the concept.  On completion of the study, it is then possible to apply statistical tests on the results of the questionnaires to assess reliability, as well as assessing concepts such as face validity.
The participants in this case study were selected by means of a convenience sample of set three, year 10 maths students who had given their assent, and whom consent had been obtained for their participation.  They can be considered as representative of their year group within the school.  This case study can be considered exploratory in nature as it aims to explore, or ‘study’, the research question or ‘case’ within its real-life context.

Research Methods

One of the research methods chosen in this case study was the use of a questionnaire.  An advantage of questionnaires is that they are an efficient method of collecting data from a large group of participants and are less time consuming than individual or group interviews.  Warwick and Chaplin (2013) consider the drawbacks to be that they are self-reporting measures and therefore assume that the respondent is capable of at least surface introspection, as well as the respondents’ line of thought is more limited with closed questions.  There can also be issues with ambiguity in the questions, particularly with younger children.  It is important to put careful thought into the construction of questions to reduce any potential ambiguity which may affect validity.  There are however many positives with questionnaires as they can provide both quantitative and qualitative data that can be analysed.  For the results to have any meaning it is important to consider the questions asked and how the results will be analysed following data collection if the findings are to have any impact following the research question.
It is possible to use existing questionnaires to carry out case studies, however if the research question is unique then this may not be possible.  Within this case study the research question is on whether the use of questioning pupils during examples effects understanding.  A new questionnaire was designed with the use of closed questions with a Likert scale response that Tymms (2012) stated that it allows the researcher to gauge a respondents’ feeling to the question, as well as reducing ambiguity which is designed to improve reliability when analysing the results.  It is important to bear in mind the age of the learners when carrying out research to ensure that they understand the question, failure to do so would reduce the reliability of the results.   
The design of the questions in the questionnaire (appendix 4) was given careful thought.  To answer the research question, it was considered that a base line should be established as suggested by Kelly et al. (2009).  This was done so by including questions one and two to assess if learners usually listened to and paid attention to examples given by the teacher.  Willingham (2003) suggests that learners will only learn what they are paying attention to, therefore the design of the research question was to assess if questioning during examples improved understanding, which may have been done so through increased attention.  Questions three and four were included to assess if the learners’ attitudes had changed because of the teaching methods used.  Question 5 was included to assess whether the learners had understood the topic, which may have given feedback as to how successful the teaching methods had been.  Question 6 was an open question to provide participants with an opportunity to make comments and thus treat them with respect and potentially gain further feedback.
To reduce any impact that completing the questionnaire had on pupils it was designed to be short, and completed at the end of a lesson, therefore minimising the amount of time taken away from teaching during the lesson, which Tymms (2012) suggested should increase response rates.  The questionnaire was also given on paper as it was deemed quicker to complete it on paper than to distribute computers, log on and sign into an online version.  The cost of the paper and the environmental impact is offset by not using a computer-delivered method that would have used energy to power the device used.  The main positive for using a paper-based questionnaire however was minimising the time that completion took away from teaching the pupils.
An important consideration of questionnaires is the social desirability aspect.  Coolican (1999) describes this type of response as the respondents’ guessing what the socially acceptable answer may be to please the researcher, in this case, a teacher, and therefore not answer honestly.  Although this may happen, in this case study all learners were informed that results would be anonymous and have no impact on them whatsoever which was designed to reduce any bias that may occur from social desirability.    
Observation methods were used in this case study and can be described as both structured and focused.  Hopkins (2014) considers structured observations to be able to simply record information, in this case the number of questions asked following the given examples were recorded in the form of a tally chart (Appendix 5 and 6).  This allows for a factual representation of data to be presented which can reduce the effect that positionality may have on the research.  Holmes (2020) considers positionality to be where the researcher is coming from based on their own ontological and epistemological assumptions.  In the second part of the observation, qualitative data that focused on the impact of questioning techniques was recorded (Appendix 5 and 6).  Positionality will influence this data; however, this can also be viewed as subjective, and the data was treated transparently.
The observation schedule was designed to take place during two separate lessons where a new topic had been introduced to the participants so that the questioning techniques could be observed and evaluated.  Thought was given to the observation taking place with the delivery of a new topic, as if the lesson has been a continuation of a previous topic, then it may have compromised the validity and reliability of the results.  Angrosino (2012) considers the use of observational methods in classroom research to be well established and blend themselves well to the description of instructional processes.  It was thought that by using more than one research method the reliability of any research findings could be improved.
 This case study used observational methods as well as questionnaires so that the results could be interpreted through methodological triangulation.  Hitchcock and Hughes (1995) consider triangulation as vital to the internal validity of a case study.  Hopkins (2014) views triangulation as a test for trustworthiness as it allows for multiple perspectives on the same event thus creating a degree of authenticity.  In this case study the learners’ opinions were gained in the form of questionnaires and the teachers’ opinion was gained from the observation. 
 
Ethical Considerations

Before this case study could begin, ethical approval was sought from the university’s ethics committee (Appendix 1) to act within BERA (2018) guidelines.  This ensured that the research would be carried out following the Education Workforce Council (EWC) (2023) code of conduct that safeguards the interests of learners, parents and the public, thus maintaining public trust and confidence in the education workforce.  It is a legal requirement in Wales for teaching practitioners to be a member of the EWC and abide by the code of practice always maintaining professional conduct and integrity which the researcher complied with.
Before carrying out research, consent was gained from parental figures (appendix 2) and informed assent was gained from the learners themselves.  A script (appendix 3) was read out to pupils at the beginning of a lesson before the research took place thus ensuring they were aware that their participation in both the observation and questionnaire was voluntary and that they had the right to withdraw.  Participants were also given a debrief at the end of the lesson and thanked for their participation as well as making them aware that they could ask for details of the research later, thus ensuring that they felt valued.
No names were recorded from participants thus ensuring that their anonymity was protected, as well as reducing any risk of any power imbalance that may have led to coerced or biased responses.  All data that was recorded was kept on encrypted storage of the university and all paper copies of the questionnaire (appendix 4) and observation recording sheets (appendix 5 and 6) were kept in a locked filling cabinet in line with BERA (2018) guidelines thus ensuring confidentiality.

Data Presentation, Results and Discussion

The data from the questionnaires was entered into IBM SPSS (2024) to be analysed.  Firstly, as recommended by Coolican (1999), the data is presented in a table 1 below, comprising of descriptive statistics including the mean, mode, standard deviation and cumulative frequency of positive answers.  This allows for simple comparisons to be made between the two lessons.













Table 1
Comparisons between Lesson 1 and Lesson 2
	Question
	Mean
	Mean
	Mode
	Mode
	Standard Deviation
	Standard Deviation
	Cumulative % That agree or Strongly Agree
	Cumulative % That agree or Strongly Agree

	
	Lesson 1
	Lesson 2
	Lesson 1
	Lesson 2
	Lesson 1
	Lesson 2
	Lesson 1
	Lesson 2

	Listen
	4.21
	4.2
	4
	5
	0.71
	0.89
	84.2
	80

	Attention
	4.05
	4.2
	4
	5
	0.97
	0.89
	78.9
	80

	More Attention
	3.47
	3.65
	4
	5
	1.17
	1.14
	57.9
	55

	Helped Understanding
	3.74
	3.65
	3
	4
	0.99
	1.04
	57.9
	55

	Understood
	3.57
	3.75
	4
	4
	1.12
	0.91
	57.9
	70



Table 1 is a comparison of results from IBM SPSS (2024) data output between lesson 1 (appendix 7) and lesson 2 (Appendix 8).  The table shows that mean scores of all answers were greater than 3.46, and the modal answers were 4 or 5 for all but one of the questions.  With the number 4 representing agree, and 5 representing strongly agree, these statistics suggest that most participants selected these answers which may bring into question the reliability of this case study.  The standard deviations were all less than 1.14, which suggests that the data points were close to the mean and that the variance is low.  The cumulative frequency data show 78.9% of participants or above report that they always listen and pay attention in class.  However, 55% of participants in lesson 2 and 57.9% of participants in lesson 1 report that they either agree or strongly agree that being asked questions during examples increased attention and understanding which supports the literature by Barton (2024), Keller et al. (2020), Willingham (2003).  The only significant difference between the results of the two lessons were that only 57.9% reported they understood the topic in lesson 1 in comparison to 70% in lesson 2.  The topic in lesson 1 was on the gradient and intercept of linear graphs, and the topic in lesson 2 was on trial and improvement therefore the difference in understanding could be due to the different topics or the effectiveness of the teachers’ explanations. 
Further statistical analysis using IBM SPSS (2024) was used to discover the Pearson’s correlation coefficient between questions for both lessons.  The results (appendix 7 and 8) are reported in terms of probability, with only significant findings reported below.  Coolican (1999) describes correlation coefficient in terms of the relationship between two variables, which can be used to answer the research question.
The results showed that there was a significant positive relationship between participants reporting that they listened and paid attention in class, p< 0.01, and this was consistent in both lessons.  This could be a true reflection of the participants responses, or it could either be that participants perceived the constructs as being the same or that it may have been viewed as a socially desirable answer.
There was also a significant correlation between participants answers to questions three and four regarding paying more attention to explanations and it is helping them understand.  In lesson one it was significant to, p< 0.05, and in lesson two it was significant, p< 0.01.  These results provide support for using questioning during examples for this class, as well as providing support from the literature (Barton (2024), Keller, Davidesco & Tanner (2020), Willingham (2003).
In lesson 1 there was a negative correlation between questions two and three (see appendix 7), regarding paying attention and paying more attention because of the questioning.  However, the correlation was not to a significant degree, p> 0.05, and was not repeated in lesson 2.  This could be explained in terms that if participants are already listening, then they would not report listening more because of the questioning and suggests that improvements could be made to the questionnaire (appendix 4) to improve construct validity.
Tests of internal reliability were carried out on the results of both lessons with scores of Cronbach’s alpha for lesson 1 = 0.533 (appendix 7), and lesson 2 = 0.646 (appendix 8).  Although these results are considered low as they are less than 0.7, Tavakol and Dennick (2011) suggest that this could be due to a low number of questions and a small sample size.  Improvements could be made to the construction of the questionnaire, for example reversing question two (appendix 4) with the attention question worded negatively may have improved internal reliability.  When administering questionnaires that are anonymous, Hambleton (2012) considers the importance of testing for internal consistency as it is not possible to repeat the questionnaire with the same participants and therefore establish reliability in another way.
During the two lessons, both numerical and narrative data were collected and recorded from observations (appendix 5 and 6).  The numerical data that was recorded is represented in a table 2 below to describe how much help was required following the examples given.  The notes that were taken are then summarised below and provide an alternate view of the methods used. 
Table 2
Comparisons between Lesson 1 and 2
	
	Lesson 1
	Lesson 2

	Number of questions asked by learners.
	7
	5

	Number of times help was given without specifically being asked.
	5
	8



Summary of observation notes
Lesson 1 (Appendix 5)
: too many questions were asked by the teacher.
: pupils were forced to listen to examples, there was no opt out.
: peer pressure was applied for others to listen.
: all pupils answered a question correctly.
: most pupils appeared to have a good understanding of the topic.

Lesson 2 (Appendix 6)
: many questions were asked.
: less questions were asked than in lesson 1.
: pupils were getting used to answering questions during examples and appear to be paying more attention.
: Most learners have a good concept of the topic.
From the observations, the number of questions asked, or the number of times participants were helped holds no significant value and there use in this case study can be questioned.  However, the qualitative notes made were of far greater significance as they show that participants were forced to listen, peer pressure was applied, and that participants were understanding the topic.  On reflection from lesson 1, too many questions were put to participants, and this was reduced in lesson 2.  This evidence supports the use of continued professional development by Welsh Government (2019), and critical reflection by teachers so that teaching standards can be improved.


Conclusion/ Recommendations

The use of a questionnaire to gain participant feedback can be considered as an effective method for establishing the perspective of learners in classroom research, however within this case study the results had a low internal consistency.  This could be improved through more careful construction of the questions and increasing the number of questions put to participants.  The use of a tally chart to record the number of questions asked by participants in the observation can be considered as lacking validity.  Although some participants may be able to grasp a topic through a thorough explanation, it is the teachers’ responsibility to support pupils through guided practice and questions should be encouraged (Coe et al., 2020).  However, the notes that were taken during the observation were more beneficial in answering the research question.  They gave another perspective on the methods used and allowed for greater reflection and triangulation. 
This case study has found evidence to support that questioning pupils’ during examples improves understanding through greater attention.  The responses from the questionnaires reported that over 55% of participants found that they paid more attention and that it helped their understanding of the topic.  The notes taken from the observations also supported this as the questioning methods required them to be listening, they appeared to be paying more attention and most pupils gained a good understanding of the topics which is an aim of the professional teaching standards of the Welsh Government (2019).  This case study supports the research from Barton (2024), Keller, Davidesco and Tanner (2020) and Willingham (2003) in that learners need to be paying attention to process information that leads to understanding.  The use of random questioning during examples can be considered as an effective method of increasing attention as suggested by Black (2014), however the methods used need to be constantly evaluated as participants who are already paying attention cannot pay more attention, therefore it would appear that questions should be aimed at participants who appear not to be paying attention.  By increasing attention to the examples, it allows for learners to process information that may free up space in working memory that could improve understanding and help to develop mathematical confidence in line with Welsh Government (2023) aims.
The limitations of case study research are that the results are not generalizable due to the sample size, however, the principles behind the research could be applied by any teacher in any classroom.  Further research could be carried out by a whole department or school, implementing the questioning style to improve attention, with results recorded in online questionnaires from learners, and observation notes taken from teachers that could be compiled and analysed to evidence effective ways of maintaining pupil attention and improving understanding.
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