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Abstract 

This research aims to explore if an intervention can be implemented that impacts possible 

mechanisms for low attainment in questions requiring higher order thinking skills (HOTS). This 

small-scale practitioner study first aimed to establish the specific challenges experienced by a small 

group of Year 12 biology students when responding to such questions. Using multiple instruments, 

including assessments, questionnaires and interviews, a multi-faceted intervention was designed 

around strategies used to approach questions. The literature review suggested the effectiveness of 

explicitly modelling cognitive and metacognitive strategies, so a “think-aloud” intervention was 

implemented over a five-week period.  

The impact of the intervention was evaluated by comparing pre-intervention to post-

intervention assessments and through interviews with all participants. Findings suggest that the 

intervention had a positive impact on student self-efficacy, and cognitive and metacognitive 

strategies; however, this is not yet reflected in attainment. Students and teachers perceived the 

strategies introduced during the project to be useful but indicated a desire for less scaffolding and 

more feedback in future iterations. The study underlines the importance of metacognition and 

self-efficacy to science achievement and raises questions regarding how science attainment can be 

increased further. 
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2 INTRODUCTION  

The ability to interpret and respond to examination questions accurately and appropriately is 

the key to success for candidates in written assessments. In education systems where external 

examinations are used to assess student performance, these assessments determine prospects 

and future pathways. Thus, there is a great deal of pressure on students to achieve to the best of 

their ability in these examinations and on teachers to help prepare students for the examinations. 

As a teacher in the British education system, where many students are externally examined at 

16 for GCSEs and again at 18 for A Levels, the underlying drive for daily teaching practice focuses 

on examination preparation in these classes. Lesson time is split between learning content, 

building skills and answering practice examination questions. Often, there is little time to deviate 

from the course specification and therefore a balance must be struck between teaching content 

and building skills. As a practitioner, each two-year course can feel time-poor, particularly in 

enabling students to develop the higher order thinking skills (HOTS) needed to answer the more 

challenging questions successfully.  

Assessments have changed numerous times during my 17 years of teaching. In the most recent 

changes that took place between 2015 and 2019, the government emphasized the need for GCSEs 



   

 

6 
 

and A-Levels to become more “rigorous”, to move away from modular assessment, and to prepare 

students better for further study in their subject (Long, 2017; Office of Qualifications and 

Examinations Regulation & Department for Education [Ofqual & DoE], 2019).  

From a practitioner perspective, students have found the changes at A-Level challenging, 

despite the claim from the UK government the demand of the course is the same (Ofqual & DoE, 

2019). The difficulty for the students lies both in the change in content and a perceived increase in 

requirement to move beyond recall in the examination questions.  

Following a set of relatively disappointing GCSE results in 2023, departmental analysis of the 

data found the cohort had underperformed particularly on higher order questions requiring more 

than recall of knowledge. This fits with my experience as a practitioner and highlighted a worrying 

trend. Success in examinations is important to the students, but also has implications for the future 

of my school, a co-educational independent day school. The question that arose as a consequence 

was: what could be done to address the lower attainment in higher order questions that stemmed 

from a lack of HOTS?  

The literature suggests there has been a drive in education for centuries to improve HOTS in 

students (Resnick, 1987). While those in traditional, elite education had opportunities for this, the 

focus in publicly available education was on reading, writing and arithmetic, memorisation of facts 

from textbooks, and rote knowledge (Bransford et al., 2000; Liu et al., 2022; Resnick, 1987). The 

widely held belief was that complex understanding could arise only when foundational knowledge 

was achieved, thus there was no explicit teaching of critical reading, or complex problem solving in 

the early twentieth century (Liu et al., 2022).  

The challenge of teaching HOTS to a larger proportion of the population emerged only after 

the advent of state education for all and the increasing demand of employers for more complex 
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skills (Bransford et al., 2000). In their systematic review of research on higher order thinking, Liu et 

al. (2022) found an upward trend in HOT research internationally, particularly after 2014. This 

aligns with the call from policymakers and educators alike for increased teaching and assessment 

of HOTS. As a practitioner, however, pinpointing which aspect of HOTS to focus on the classroom 

can be difficult, given that it is a complex term.  

The aim of this practitioner research is to diagnose and address the underlying mechanism for 

low attainment when responding to higher order questions in my students. The project will be 

conducted with my small A-Level biology class. The size of the class affords an opportunity to 

collect rich data to better understand how to address the problem in context.  

Questions to address in my literature review: 

1. What are HOTS and their relation to education? 

2. How are HOTS developed? 

3. What does the literature say about the possible mechanisms for low attainment when 

responding to higher order questions? 

4. What does the literature say about possible interventions to address these barriers?  

 

 

 

 



   

 

8 
 

3 LITERATURE REVIEW  

The literature review begins with a brief overview of the importance of HOTS to education 

and how this relation has evolved over time, leading to an exploration of different ways of defining 

HOTS. This is followed by a look at the theories around how HOTS develop and how this relates to 

teaching. Based on long-term practice, several suspected mechanisms for low attainment in higher 

order questions are explored next, followed by an exploration of the evidence for potential 

interventions to address these barriers. 

3.1 HIGHER ORDER THINKING  

3.1.1 HOTS and education – a drive towards change 

Many have decried the state of education and its lack of fitness for purpose, particularly in 

relation to a lack of HOTS. Before the turn of the century, Cuban (1984), pointed out that there 

were efforts throughout the twentieth century to develop students’ thinking. US education at that 

time, “produce[d] a portrait of intellectually impoverished classrooms where unimaginative 

instruction tried to stuff a whale of knowledge into a sardine can of a student” (Cuban, 1984, 

p.655). Over the past few decades, there has been a movement from educators and policymakers 

alike towards reforming education to prepare students better for the rapidly changing world of the 

late-twentieth and early twenty-first centuries (Ben-Chaim et al., 2000; Cammies et al., 2024; 

Mkimbili, 2022; OECD, 2017; Osborne, 2013; UNEP, 2012; Zoller, 1993). Issues such as food 

security for a growing population, dealing with the consequences of climate change and ensuring 

sustainable energy sources are some of the most pressing problems of the twenty-first century 

identified by the United Nations Environmental Program (2012). To be able to face these 

challenges with scientific innovations, an updated approach by educational institutions is required. 

(UNEP, 2012).  
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While science education is valued internationally, the way in which science is taught does 

not necessarily reflect the changing needs of society. While Miri et al. (2007) point to a positive 

shift in science education from traditional, textbook-based rote learning to explorative, inquiry-

based learning, rooted in real-world phenomena, Osborne (2013) disagrees that this produced the 

desired effect. He held the common rationale for science education in the twentieth century was 

economic in nature and focused on producing future career scientists. In doing so, the emphasis 

placed on foundational knowledge building at secondary school leads to conceptual coherence 

only at the undergraduate or graduate level. Those who do not pursue science further are left with 

a lack of skills, and accept learned content as irrefutable facts (Osborne, 2013). In our rapidly 

changing world, education is needed that enables all people to develop the intellectual tools, 

learning strategies, and knowledge necessary to think productively about different situations 

(Bransford et al., 2000).   

3.1.2 Changes to curriculum and assessment  

Many curricula and assessments around the world have been revised in response to the 

increasing demand for students to develop HOTS. For example, the PISA (Programme for 

International Student Assessment) 2015 science framework acknowledged some of the challenges 

faced by humanity in the twenty-first century by using the question, “What is important for young 

people to know, value and be able to do in situations involving science and technology?” to frame 

some of the changes (OECD, 2017, p. 20). In outlining the revised framework, it was recognised 

that most countries around the world value science education, but there are competing needs. 

Science education must prepare both those people who will progress to careers in science and 

educate those who will not take up these sorts of careers, but who nonetheless need to be 

informed citizens who are able to make choices and form opinions about science and technology 

(OECD, 2017). By focusing on developing scientific literacy in the revised framework, procedural 



   

 

10 
 

and epistemic knowledge are emphasized, in addition to content knowledge. With this, the PISA 

framework aims to meet the needs of developing both career scientists and informed citizens who 

can decipher scientific language and make judgements about information with which they are 

presented.  

In England and Wales, GCSE and A Level courses were reformed between 2015 and 2019 along 

similar lines as the PISA assessment. The rationale, according to David Laws, the Schools Minister 

in April 2013, was to give students better preparation for post-16 study with the skills and 

knowledge needed to progress (Long, 2017). Presumably, this preparation was intended to prepare 

students for further study at university. As such, universities played a bigger role in the content 

reform at A-Level than previous iterations, with the aim of increasing rigour and allowing more 

time for learning, and less time spent in examinations (Long, 2017; Ofqual & DoE, 2019). 

Ostensibly, it can be argued that the additional time for teaching and learning would be used to 

develop the HOTS universities and employers value.  

In the revised A-Level Biology course, the assessment objectives (AOs) are more concise 

compared to the previous iteration (AQA, 2021; AQA n.d.). All three AOs relate to scientific ideas, 

processes, techniques and procedures, but aim to assess different aspects of a student’s 

knowledge. The first AO looks for a student to demonstrate their knowledge and understanding. 

AO2 aims to assess application of that knowledge and understanding, and the third AO is about 

analysing, interpreting and evaluating scientific information, ideas and evidence (AQA, 2021). 

Thus, students must be supported not only in their acquisition of content knowledge to succeed in 

AO1 and AO2, but also in HOTS to find success in AO2 and AO3.  

3.1.3 Historical perspective and definition 

Higher order thinking skills have been considered an important part of education at least since 

the time of the Greek philosophers, but different fields define the term differently. For Socrates, 
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Plato and Aristotle, critical thought and logic were held in high esteem and used to develop 

disciplined thinking (Lewis & Smith, 1993). More modern philosophers, such as Toulmin, teach 

general reasoning and argumentation skills to try to stem the “unhelpful” human nature of 

accepting faulty arguments and drawing unsubstantiated conclusions through undisciplined 

thinking (Resnick, 1987). Philosophers, therefore, emphasize reflective thinking, critical thought 

and logic as higher order thinking skills. In contrast, psychologists view higher order thinking as a 

cognitive process that is used in the construction of meaning and structure out of experience 

(Lewis & Smith, 1993). Higher order thinking produces behaviours that lead to problem solving 

(Cuban, 1984). Already the lack of clarity meant by HOT is apparent, given the inconsistency in 

definition between philosophers and psychologists. 

HOTS, sometimes called higher order cognitive skills (HOCS), seems to be an encompassing 

umbrella term that is interpreted and used differently across disciplines and across the literature. 

There is a different focus for different academic disciplines. For example, critical analysis is the 

focus for English while mathematics and science focus on complex problem solving. In their 

systematic review of research on higher order thinking, Liu et al. (2022) found that other related 

aspects of HOTS included creative thinking (Hwang et al., 2018; King et al., 1998; Miri et al., 2007; 

Sun et al., 2022), metacognition (Hmelo & Ferrari, 1997; King et al., 1998; Sun et al., 2022), self-

efficacy (Sun et al., 2022), and analysis, evaluation, synthesis and creation (Apino & Retnawati, 

2017; Bloom, 1956; Anderson & Krathwohl, 2001), among others. Not surprisingly, many authors 

agree that defining HOTS is difficult and confusing (Cuban, 1984; Lewis & Smith, 1993; Resnick, 

1987).  

The term critical thinking is an important one to explore, as it is often used as an alternative or 

seen as an aspect of HOTS (Liu et al., 2022; Miri et al., 2007). According to Liu et al. (2022), critical 

thinking is the most frequently used phrase in research on HOT. Facione and Facione (2013) define 
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it explicitly as the combination of two things: the ability to analyse, evaluate and make inferences 

and the disposition to engage in critical thought processes. Yet even with Facione and Facione’s 

(2013) decades of work on critical thinking, Lewis and Smith’s (1993) observation arguably stands, 

that there remains confusion surrounding the term and its relationship to HOTS overall. While 

useful, critical thinking as defined and measured by Facione and Facione (2013) does not 

encompass the wider range of thinking skills employed when answering A-Level biology questions 

(Sun et al., 2022), so a broader definition is needed.  

While recognizing the importance of critical thinking, Sun et al. (2022) propose HOTS are multi-

dimensional and more constructivist with five constituents of HOT relating specifically to science. 

These include scientific reasoning, critical thinking, creative thinking, science self-efficacy, and 

metacognition. In a relatively large study, they looked at whether and how these constituents of 

scientific HOT relate to science learning and how the skills are interconnected (see Figure 1). Their 

results show that increasing metacognition and science self-efficacy, in particular, have strong 

effects on the other three aspects of scientific HOT (Sun et al., 2022).  

 

 

 

 

 

 

 

 

 

Figure 1:Hypothetical model of relationships between five competencies that comprise science HOT (from Sun et al., 
2022) 

One thing upon which there does seem to be a consensus in the literature is that HOT goes 

beyond recall of facts and procedures. Many authors agree HOT is a form of thinking that is non-

The figure originally presented here cannot be made freely available via ORA 

because of copyright. 

The figure was sourced at Sun, H., Xie, Y., & Lavonen, J. (2022). Exploring the 

structure of students’ scientific higher order thinking in science education. 

Thinking Skills and Creativity, 43, 100999. 

https://doi.org/10.1016/j.tsc.2022.100999 
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algorithmic, complex, and which often generates multiple solutions (Miri et al., 2007; Resnick, 

1987; Sun et al., 2022). There is an element of novelty, where the path ahead cannot be 

determined in advance, nor seen in its totality (Orton, 2004; Resnick, 1987). Nuanced judgement 

and interpretation must therefore be used to integrate, and possibly extend, prior knowledge and 

experience with new information to produce a solution to a previously unknown situation 

(Bartlett, 1958; Lewis & Smith, 1993; Maier, 1933; Orton, 2004; Resnick, 1987; Sun et al., 2022). 

HOT requires effort and depends on self-regulation (Resnick, 1987). For the purposes of this study, 

HOT will be defined as thinking that is complex and effortful, requiring integration of prior 

knowledge and new information to generate a solution to a novel situation. 

3.1.4 Development of HOTS 

While the idea that cognition increases in complexity from birth to adulthood is widely 

accepted, the way in which this happens is debated. In this section, the theories of Piaget, 

Vygotsky, and Bloom will be explored in their relation to the development of HOTS, followed by a 

discussion of how Bloom’s theory is used in practice.  

Piaget’s cognitive constructivist view of learning, from which he developed the four 

cognitive stages of development, emphasizes the role that exploration and the interaction with the 

environment play in constructing meaning of the world (Palmer, 2005; Aubrey & Riley, 2022). The 

highest level of cognitive development, as exemplified by logical thought and abstract problem 

solving, develops in the final, formal operational stage (Piaget, 1977). The rigid, linear progression 

of Piaget’s stages is limiting, however, as other researchers have found that some of the key 

thinking processes of one stage can appear in earlier stages (Aubrey & Riley, 2022). Equally lacking 

is the recognition that children develop in a social world and are influenced by those around them 

(Aubrey & Riley, 2022; Palmer, 2005). 
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Unlike Piaget, Vygotsky’s constructivist view of learning, was formed around the social 

aspects of a child’s experience (Vygotsky, 1978). His ideas around the influence of social and 

cultural factors on learning, scaffolding to promote movement from one “zone of proximal 

development” (ZPD) to the next and the importance of dialogue and language in the development 

of thinking skills have been widely influential in educational practice (Aubrey & Riley, 2022). 

Although criticised for being challenging to measure and for lacking in practical application, ZPD 

introduced the idea that a child’s learning is influenced by a ‘capable other’ (Aubrey & Riley, 2022; 

Vygotsky, 1978). When that guidance is used appropriately, without an overreliance on help from 

adults or peers, a child becomes an active participant in progressing their learning.  

Like Piaget’s progressive cognitive stages of development, Bloom developed a taxonomy of 

cognitive learning objectives that is hierarchical and linear (Bloom, 1956). Students must achieve 

simpler objectives before progressing to the next, more complex one (see Figure 2). Each 

successive objective is increasingly difficult and is cumulative in nature, such that to comprehend 

an idea, knowledge must first be recalled. The six processes are often split into higher order and 

lower order thinking skills with knowledge, comprehension and application considered lower order 

thinking skills, and analysis, synthesis, and evaluation are HOTS (Irvine, 2017). The simple and 

straightforward nature of Bloom’s method of categorizing thinking has been influential across 

many disciplines in planning and assessing learning. The levels therefore can be used to align 

intended learning outcomes with instruction and assessment (Aubrey & Riley, 2022; Irvine, 2017), 

aiding teachers in enabling their students to develop HOTS. 
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Figure 2: Bloom's taxonomy, showing progression from simpler to more complex cognitive educational objectives, 

constructed from Bloom (1956). 

Categorising questions into Bloom’s taxonomy levels can be used to help teachers and 

students identify which types of questions are found to be the most challenging (Cammies et al., 

2024; Crowe et al., 2008; Zheng et al., 2008). In a study looking at higher education biology 

questions, Crowe et al. (2008) found that this enables teachers to align their instruction more 

closely to the needs of the students, thus improving student learning. Students are more likely to 

perceive teaching sessions that include HOTS, and which are constructively aligned with their 

assessments, as being more useful to their learning (Cammies et al., 2024).  

Additionally, there is a positive impact on other aspects of thinking when instructors share 

the rubric used to classify questions, and when students receive specific feedback on performance. 

This is because students’ metacognition is enhanced when they are better able to monitor their 

own learning (Crowe et al., 2008). Metacognition and its importance to the context of HOTS is 

recognized as an important aspect of learning and will be discussed further in Section 3.2.2.  

Bloom’s taxonomy has been criticized widely, however (Kreitzer & Madaus, 1994, Sun et 

al., 2022). It is seen as too simplistic to represent the complex nature of thought and learning 

(Furst, 1981). The cumulative, linear nature of the taxonomy is considered problematic as overlaps 

and inversions occur between the six objectives (Das et al., 2022; Furst, 1981; Jones et al., 2009; 

Kreitzer & Madaus, 1994; Marzano & Kendall, 2007). Additionally, there is disagreement as to 

which levels should be classified as higher or lower order thinking (Cammies et al., 2024; Crowe et 

al., 2008; Jones et al., 2009; Wineburg & Schneider, 2010; Zheng et al., 2008). For instance, 

Knowledge Comprehension Application Analysis Synthesis Evaluation
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“application” is sometimes considered a transition between lower order thinking skills and higher 

order ones (Crowe et al., 2008). The lack of clarity and consensus around the hierarchy negatively 

affects the consistency with which it can be used. 

To try to address the overly simplistic nature of Bloom’s taxonomy, Marzano & Kendall 

(2007) proposed a multidimensional taxonomy that accounted for metacognitive and “self” 

systems that work in conjunction with the cognitive domain. Marzano and Kendall’s taxonomy has 

had much less impact on the educational community, however, compared to Bloom or the revised 

taxonomy devised by Anderson and Krathwohl (2001; Irvine, 2017).  

The revised taxonomy does not deviate greatly from Bloom’s original but provides more 

clarity and attempts to address the complex nature of thought. Anderson & Krathwohl provided 

clearer definitions of the six objectives of Bloom’s cognitive domain (Anderson & Krathwohl, 2001; 

Krathwohl, 2002). An additional knowledge dimension was introduced to separate knowledge as a 

noun from the six categories defined as verbs and renamed Bloom’s “knowledge” objective to 

“remembering” (Krathwohl, 2002). These changes went some way in constructing a more reliable 

system for planning and assessing learning outcomes, so individual educators could more 

accurately identify lower and higher items, an earlier problem summarized by Kreitzer and Madaus 

(1994). Yet, a more recent study by Das et al. (2022) highlights practitioners still find using the 

revised taxonomy a consistently difficult task.   

One of the reasons using any of the outlined taxonomies in a consistent manner proves 

difficult is because of the flexibility of language (Stanny, 2016). A word can have different levels of 

meaning, influenced by the context in which the word is used. Therefore, in the revised taxonomy 

outlined above the verbs used to determine the taxonomy levels and thus to construct and assess 

learning outcomes are open to interpretation (Jones et al., 2009; Jordan, 1997). While several 

studies have sought to reduce the ambiguity in the cognitive level with which a verb is associated, 
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complete consensus has been deemed impossible, as some verbs have been found to occur in two 

neighboring levels, or multiple levels (Das et al., 2022; Stanny, 2016).  

The problem with classifying objectives in a rigid hierarchy is arguably that higher order 

and lower order thinking skills are intertwined. Problems cannot be solved without the requisite 

content knowledge, skills and “relevant networks and structures in the mind” (Orton, 2004, p. 25). 

Knowing in an expert sense is more than recitation of a series of facts; it is an understanding of 

how concepts are interconnected. Even to perform what we think of as very “elementary” 

cognitive activities, such as reading, writing and solving some mathematical equations, requires 

complex thinking processes. For example, to understand a text being read, inferences must be 

made (Resnick, 1987). Conversely, existing domain knowledge has a large impact on acquiring new 

knowledge in an activity such as understanding and interpreting text (O’Reilly & McNamara, 2007). 

Thus, basic skills and higher order thinking skills cannot be separated easily during a process.  

Perhaps, what emerges as useful from the collective work on taxonomies is a separation 

between words used to describe lower order thinking skills versus HOTS. As a practitioner, the 

classroom needs to be flexible and move fluidly between different skills; sometimes, categorising 

those skills can be useful. While there are many ways to define HOTS and categorise thinking, the 

goal is ultimately to increase the complexity of thinking.  

3.2 SUSPECTED BARRIERS TO ANSWERING HIGHER ORDER QUESTIONS 

3.2.1 HOTS  

When HOTS are required to answer higher order questions, multiple skills will be used to 

generate a response (Sun et al., 2022).  As outlined above, HOTS are complex. Any of these skills 

could be a barrier to answering higher order questions. While it is not practical to explore all these 

skills within the scope of this project, both metacognition and self-efficacy have been found to 
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strongly influence other HOTS in science (Magno, 2010; Sun et al., 2022). These will now be 

explored in turn. 

3.2.2 Metacognition 

While considered by some to be an aspect of HOTS (Sun et al., 2022), metacognition is 

widely recognised as a part of self-regulated learning (SRL). SRL is composed of cognition, 

metacognition and motivation. All aspects of SRL are thought to be important for learning, 

especially metacognition (Muijs & Reynolds, 2018). Metacognition is thought to be a person’s 

“ability to think about their current cognitive processes” (Flavell, 1976, as cited in Sun et al., 2022). 

Schraw & Dennison (1994) break down metacognition into knowledge of cognition and regulation 

of cognition. There is a strong correlation between the two components, so what students know 

about themselves and available strategies can feed into how students plan, monitor and evaluate 

their learning (Schraw & Dennison, 1994). Furthermore, strong evidence exists relating 

metacognition to attainment (Muijs & Bokhove, 2020). If a learner lacks knowledge of their own 

cognition and is unable to regulate their cognition during a difficult activity, it is likely they will 

struggle with challenging activities, such as answering a higher order question. 

3.2.3 Self-efficacy 

Self-efficacy in science has been shown to have an influence on HOTS, such as critical thinking 

(Phan, 2009; Sun et al., 2022). Self-efficacy refers to a person’s belief in their ability to perform a 

certain task (Bandura, 1977). Students who have a high self-efficacy in science will engage more 

frequently in tasks that require critical thinking, persevere through difficulties, and find more 

success (Linnenbrink & Pintrich, 2003). Conversely, if a student has low confidence in their ability 

to address more difficult questions in science, they are more likely to give up or avoid the question 

entirely (Bandura, 1993; Palmer, 2005).  
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Yerdelen-Damar and Pesman (2013) found a striking relationship between self-efficacy and 

metacognition. In their study of 338 10- to 14-year-old physics students, they reported that self-

efficacy mediated the relation of metacognition to achievement in physics. Thus, without 

possessing the confidence to learn physics, a student’s metacognitive skills did not independently 

mediate physics achievement (Yerdelen-Damar & Pesman, 2013). This finding gives credence to 

Sun et al.’s (2022) model of the interlinking nature of HOTS involved in science and Bandura’s claim 

that perceived self-efficacy is central to academic development (Bandura, 1993; Sun et al., 2022). 

 Interestingly, high self-efficacy can be a barrier to learning as well. This can happen if a 

student has high confidence in prior knowledge leading to lower engagement in learning new ideas 

(Linnenbrink & Pintrich, 2003). Although this is not problematic if the student’s knowledge 

matches their belief, it can limit necessary conceptual changes (Linnenbrink & Pintrich, 2003). 

3.2.4 Reading comprehension 

Answering higher order questions first requires the student to decipher the text of the 

question. This involves recognising the words used, interpreting the context and inferring meaning. 

Readers activate schema to access prior knowledge and experiences, which are important to build 

meaning from the text (Pardo, 2004; Vacca et al., 2014). Schema are the way in which prior 

knowledge and experiences are organised and stored in the long-term memory (Anderson & 

Pearson, 1988; Pardo, 2004; Vacca et al., 2014). When schema are activated, they help build 

meaning from text in a number of ways. For example, schema help select relevant information 

from the text to make inferences. They integrate the new information in the text with prior 

knowledge. Finally, they elaborate information so that more insightful judgements and evaluations 

can take place (Vacca et al., 2014). 

The way in which a reader activates their schema depends on the level of comprehension 

used, and thus level of challenge. The empirical evidence provided by Alonzo et al. in their 2009 
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study supports the theory that there are three levels of comprehension when a reader interacts 

with the text: literal, inferential and evaluative. Their study, looking at 300 third graders, found the 

literal level of comprehension is easier for students than both the inferential and evaluative. While 

this finding is not surprising, it gives weight to the idea that making inferences and evaluating 

require a higher level of cognitive skills. The authors recognise the limitations of their findings, 

noting comprehension is a complex task which probably requires a non-hierarchical interaction of 

all three levels of comprehension (Alonzo et al., 2009). The way in which the three levels interact 

depends on the level of abstraction inherent to a question.  

When faced with text from a different content area, such as science, students might not 

possess the understanding, prior knowledge, or thinking skills to enable evaluative comprehension 

in that domain (Jackson, 2016). The importance of reading skills in a content area is highlighted in a 

study by O’Reilly & McNamara (2007). They found that reading skills impact science achievement 

for students who possess either low or high domain knowledge. High levels of reading skills can 

even compensate for low domain knowledge (O’Reilly & McNamara, 2007). This does not diminish 

the importance of domain knowledge, nor the interaction between these factors. Those students 

with both high reading skill and high knowledge had much higher course grades, compared to 

others that had only high reading skill or high knowledge.  

Metacognitive reading strategies also contributed significantly to the final course grade but 

proved a weak predictor of science achievement. The difference between these two outcomes is 

possibly related to the more complex, long-term nature of a course which may contain more 

complex and “authentic” assessments of science knowledge than the standardized assessment 

used to measure science achievement in the study (O’Reilly & McNamara, 2007). The conclusion 

drawn by the authors is therefore arguably weak, given the variance in teacher practice and the 

different factors which contribute to course grades.  
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3.2.5 Literacy - Scientific language 

In their guidance document on “Improving secondary science”, the EEF state, “learning 

science involves learning a whole new language” (Holman & Yeomans, 2018, p. 30). The domain-

specific vocabulary of science is often unfamiliar, formed from multiple morphemes, and refers to 

abstract concepts (Fisher & Blachowicz, 2013; Holman & Yeomans, 2018). Students presented with 

a scientific text are faced with language designed to convey complicated ideas efficiently, tending 

to be very formal, impersonal and complex (Snow, 2010). Given the lack of similarity this bears to 

the informality of casual conversation, it is not surprising adolescents struggle to decipher these 

terms (Fang, 2006; Snow, 2010). In addition to the barrier formed by the need to recall or decipher 

unfamiliar scientific language is the expectation to use the vocabulary in oral and written 

discussion in a way that justifies the EEF’s statement that learning science is like learning a 

language.  

Not only do students need to learn and understand the domain-specific language, they are 

also faced with non-domain specific terms that frequently appear in the text but are difficult to 

define using context alone. These “Tier II words”, such as “compress”, “random” or “abundant”, 

are often not recognized or understood (Beck et al., 2013; Pickersgill & Lock, 1991; Vacca et al., 

2014). If a student encounters an unfamiliar Tier II word, they might struggle to decipher the 

meaning of the sentence or paragraph, even in the context of a familiar concept. 

Even if a student manages to decipher unfamiliar words, the use of more complex 

language can increase cognitive processing time (Brown et al., 2019). In their study looking at the 

effect of complex scientific language on working memory capacity, Brown et al. (2019) found 

students were consistently slower in making decisions when complex language was used during 

instruction. The reduced memory capacity can increase “forgetting” and become a barrier to 

conceptual learning (Brown et al., 2019). In an examination, the use of complex language in 
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questions creates an additional barrier to accessing a question and increases the time pressures to 

respond. 

3.2.6 Content knowledge 

It is generally recognised that knowledge is essential to more complex understanding and 

success in school science (Holman & Yeomans, 2018). Domain-specific knowledge is required to be 

able to analyse, interpret, evaluate and use new information to solve a novel problem (Newmann, 

1990; Zoller, 1993). Many believe that when acquisition of basic factual knowledge is secure, 

higher order learning can then take place (Bloom, 1956; Willingham, 2021). Having secure factual 

knowledge reduces cognitive load and the demand on working memory, freeing more cognitive 

load for problem solving (Sweller, 2010). Science knowledge has an impact on both science 

achievement and how well new information is learned, yet students often fail to draw on their 

knowledge appropriately or completely when solving problems or learning new information 

(O’Reilly & McNamara, 2007).  

3.3 POTENTIAL INTERVENTIONS  

3.3.1 HOTS 

With the promise of HOTS as a key indicator of success (Lee & Choi, 2017) studies have been 

carried out to see whether HOTS can be taught directly, with varying success. A longitudinal study 

by Miri et al. (2007) identified three teaching strategies linked to potential improvement in critical 

thinking skills and disposition over three years. These strategies included using interdisciplinary 

real-world scenarios, open-ended class discussions and short inquiry experiments carried out in 

groups, all with the express purpose of fostering critical thinking in their students (Miri et al., 

2007). Only two out of ten teachers In Miri et al.’s (2007) study used these strategies, however: a 

finding consistent with other evidence that many teachers use a more traditional, concept-driven 

approach to their practice (Mkimbili, 2022; Newmann, 1990; Osborne, 2013).  
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Even if teachers design their instruction to foster HOTS, there is a prevailing belief that only 

higher-achieving students will benefit. A series of studies reported on by Zohar and Dori (2003) 

found both high and low-achieving students benefit from instruction designed to foster HOTS. This 

finding, in conjunction with the implication from Miri et al.’s study that many teachers’ practices 

are concept-driven, suggests teachers may require professional development before endeavouring 

to teach HOTS in their classroom. 

One approach to improving HOTS is by direct instruction of problem-solving strategies, 

using a heuristic approach. This approach teaches problem-solving skills which can then be applied 

to other problems (Muijs & Reynonlds, 2018). Pólya (1957) outlines a four-step sequence in the 

process including understanding the problem, devising a plan, carrying out the plan and evaluating 

the plan. Establishing both linguistic understanding and an understanding of the problem is a 

necessary first, rather than making too quick a judgement about what the question is asking (Muijs 

& Reynolds, 2018). In a meta-analysis of studies on problem-solving in mathematics education, 

Hembree (1992) found that problem representation, such as drawing a diagram, had large effects 

on performance. Asking pupils to explain each step increases problem-solving success (Gagné 

1965, as cited in Muijs & Reynolds, 2018). Different heuristics can be explicitly taught for different 

situations.  

Much work has been done on the heuristic approach in mathematics education, 

particularly on solving word problems (Muijs & Reynolds, 2018), but the approach can be applied 

to other domains (Schraw et al., 2006). A heuristic approach has been shown to be effective, 

particularly in older secondary school students and when the teachers providing the direct 

instruction had been trained in heuristic methods (Hembree, 1992). Hembree postulated the link 

between the impact of heuristic instruction and age, which is possibly linked to cognitive 

development and the age at which students develop abstract thinking (Hembree, 1992; Piaget, 
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1977). In contrast to this, Schraw et al. (2006) found that strategy instruction is most helpful to 

younger students and those under-achieving, particularly when it combines several interrelated 

strategies. These contrasting empirical studies point to the possibility that all ages can benefit from 

problem solving instruction, if the appropriate strategies are chosen. 

In teaching strategies directly, it would be the hope of many teachers that students would 

be able to transfer these strategies from one problem to the next, from subject to subject and 

from one academic year to the next (Bransford, et al., 2000). With each novel problem solved, a 

person would presumably have learned something new, which can then be applied to other, 

similar problems (Orton, 2004). In contrast, Gagné (1965, as cited in Orton, 2004) argues that 

problem-solving cannot be taught. While individuals can learn something from solving a problem, 

they do not necessarily become better at solving problems. Each novel problem will require slightly 

different skills (Orton, 2004). Muijs and Reynolds (2018) agree the problem with both heuristic and 

metacognitive methods is transfer. They argue students will revert to randomly applying 

algorithms or guessing when faced with new situations, but suggest strategies can be used to 

better enable transfer (Muijs & Reynolds, 2018).  

3.3.2 Metacognition 

Considerable evidence has accumlated to show improved metacognition supports learning 

in science (Holman & Yeomans, 2018; Sun et al., 2022). The EEF recommends improving self-

regulation strategies, particularly metacognition, as one of seven recommendations to benefit 
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secondary science (Holman & Yeomans, 2018). As the cyclical relationship between metacognition 

and cognition involves several stages, there are many potential foci for strategy instruction. The 

complexity of the model (simplified in Figure 3) means it would be challenging to focus on all parts 

at once. Whichever focus is chosen, the EEF recommends the instruction of metacognitive 

strategies should be explicit, delivered in a subject-specific manner and as part of a specific task 

(Holman &Yeomans, 2018; Quigley et al., 2021).  

Modelling by the teacher can be useful for explicitly demonstrating a skill or behaviour, 

which can be linked to prior skills and knowledge (Muijs & Reynolds, 2018). Modelling thinking 

processes provides a multi-faceted approach to model cognitive and metacognitive strategies to 

demonstrate strategy selection, rationale for selection and evaluation (Holman & Yeomans, 2018). 

These think-aloud processes allow “expert” thinking, which is usually hidden, to be observed by 

the students (Rosenshine & Meister, 1992).  

Modelling thinking can be particularly useful when approaching a new problem or way of 

thinking, followed by scaffolded student practice of the modelled strategies (Holman & Yeomans, 

2018; Muijs & Reynolds, 2018; Rosenshine & Meister, 1992; Vacca et al., 2014). Through 

scaffolding, students start to internalize a process and can work to apply their new skills 

independently (Jackson, 2016). As students practise thinking aloud, they are actively participating 

and assessing their own strategy use (Rosenshine & Meister, 1992). Teachers can then appraise 

which cognitive processes their students are using (Jackson, 2016) and provide feedback. A study 

conducted with young primary school children by Bohn et al. (2004) emphasized the importance of 

providing positive feedback to those who were modelling well. This will inform those students that 

they are finding success in building their metacognitive and cognitive skills. 

Scaffolding is seen as an important part of the constructivist method of teaching, whereby 

all knowledge is constructed and built from prior knowledge and experience (Muijs & Reynolds, 



   

 

26 
 

2018; Vygotsky, 1978). The scaffold provides the framework for the student to progress to the next 

level of mastery (Dabarera et al., 2014) and helps “to bridge the gap between current abilities and 

intended goal” (Rosenshine & Meister, 1992, p. 26).  

The difficulty of a scaffolded task must be carefully regulated to ensure that students have 

sufficient background knowledge and skills to be able to progress (Rosenshine & Meister, 1992; 

Vygotsky, 1978). Bjork and Bjork (2014) define desirable difficulties as those that “trigger encoding 

and retrieval processes that support learning, comprehension and remembering” (p. 62). A balance 

is found whereby students are both challenged and possess the wherewithal to respond to these 

challenges successfully. 

3.3.3 Self-efficacy 

Bandura proposes four factors to improve perceived self-efficacy: mastery experiences, 

vicarious experiences, verbal persuasion and physiological/affective states (Bandura, 1977; Palmer, 

2005). Mastery experiences are those in which a student experiences success when dealing with a 

challenge. To provide challenge and enable success for more mastery experiences, teachers need 

to ensure tasks have desirable difficulty (Bandura, 1997; Bjork & Bjork, 2014; Palmer, 2005). 

Student self-efficacy also can increase by watching a behaviour modelled by another person, which 

can be a teacher or a peer (Palmer, 2005). Receipt of positive feedback is the third source of self-

efficacy. This verbal persuasion should be focused on effort as well as achievement and ensure it 

engenders self-efficacy that is an accurate reflection of ability (Linnenbrink & Pintrich, 2003; 

Palmer, 2005). Lastly, a student’s physiological/affective state refers to a student’s interpretation 

of their own stress levels. Interpreting anxiety as a normal response, rather than as a sign of 

inability, leads to higher self-efficacy (Palmer, 2005). Therefore, teaching practice which targets 

any of these factors may help increase self-efficacy. 
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3.3.4 Reading comprehension 

Direct instruction can provide a useful intervention when developing reading 

comprehension (Jackson, 2016). Jackson looked at the impact of a think-aloud intervention on the 

evaluative comprehension skills of 48 first graders in relation to science-content texts. Those in the 

intervention group showed a significant improvement in evaluative comprehension when 

compared with the control group (Jackson, 2016). While the findings here show a promising 

intervention for reading comprehension in a domain-specific context, the small size of the study 

and the age of the students limits the generalisability of the findings, particularly to older students. 

O’Reilly & McNamara’s (2007) work with older students points towards the possibility of an 

intervention that teaches reading strategies and skills explicitly, although further research is 

needed on whether these reading strategies impact science achievement directly.  

Strategies to improve one aspect of learning often link to another. Allen and Hancock 

(2008) found that metacognition positively affects reading comprehension. In their study on 196 4-

6 graders, Allen and Hancock trialed the use of individualized cognitive profiles of skills related to 

reading comprehension as measured by the Woodcock-Johnson III test. The profiles were shared 

with the students with relative strengths and weaknesses presented in a graphical format. During a 

comprehension activity, the students could actively monitor and mediate their skills by using their 

own strengths to overcome their weaknesses; thereby, constructing meaning from the text and 

context (Allen & Hancock, 2008). The findings here suggest that the importance of metacognition 

in its relation to the development of HOTS cannot be underestimated. 

3.3.5 Literacy – scientific language 

A significant number of studies have found literacy strategies, both narrow and broad, improve 

academic achievement (Beck et al., 2013; Brown & Concannon, 2016; Nunes et al., 2017). Nunes et 

al. (2012) reported the use of morphemes in decoding was a strong predictor of reading 

competence in students. Using this work, the EEF recommends explicitly teaching vocabulary using 



   

 

28 
 

morphemes so new words will be recognised more easily in the future (Holman & Yeomans, 2018). 

Rather than focusing on the use of one narrow strategy, Brown and Concannon (2016) found using 

multiple close reading and vocabulary strategies positively affects students’ perceptions of 

vocabulary knowledge and their content achievement. The authors suggest that the positive effect 

the strategies had on students’ perceptions was linked to their metacognitive ability to select 

appropriate strategies when a lack of understanding was recognised during reading (Brown & 

Concannon, 2016). This implies direct instruction of literacy strategies, supported by increased 

metacognitive awareness, can have a substantial impact on understanding the language used in 

science and scientific assessments. 

3.3.6 Content Knowledge 

To improve knowledge and understanding of science content, the EEF recommends 

embedding practice that enhances long-term memory formation and retrieval (Holman & 

Yeomans, 2018). Teachers are urged to use strategies that take cognitive load into account and 

find ways to reduce extraneous load, enabling students to focus on materials relevant to the task 

(Sweller, 2010; Torrence Jenkins, 2017). Karpicke & Roediger (2008) found retrieval practice hugely 

beneficial to long-term retention of knowledge. The more knowledge is retrieved, the stronger the 

schema become in our brains, thus reducing the cognitive load and the demand on our working 

memory (Agarwal, 2019; Holman &Yeomans, 2018). Spacing retrieval practice across time 

enhances this further (Holman & Yeomans, 2018). However, Agarwal (2019) cautions that learning 

cannot be solely focused on fact-based retrieval to achieve higher order learning.  He found higher 

order retrieval practice, or a mixed retrieval practice, increased higher order learning (Agarwal, 

2019). This enabled both younger secondary students and tertiary students to address higher 

order questions more successfully. 
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3.4 SUMMARY OF LITERATURE REVIEW 
The review of the literature confirms that knowledge acquisition and the development of 

HOTS is highly complex. While educators and policymakers alike agree that it is important to 

develop HOTS, there is no clear consensus on how HOTS develop. Since HOTS encompass such a 

broad range of skills, there are numerous methods for engendering them in students. From a 

practitioner perspective, context is also important, and each student will face individual challenges 

and successes as they develop HOTS. Thus, it is important to me that my investigation focuses on 

the needs of the participants, developing an intervention around the barriers with which they 

contend specifically.  

 Deciphering higher order questions adds an additional dimension to employing HOTS. 

When answering higher order questions, students encounter several potential barriers; however, 

the literature points to both metacognition and self-efficacy as important factors to consider (e.g. 

Sun et al., 2022). In my investigation, it feels prudent to include both an aspect of metacognitive 

reflection and assess the degree to which perceived self-efficacy is impacted.  

Therefore, the research questions for the project are: 

1) What are the barriers to answering higher order questions for my students? 

2) What impact does an intervention have in addressing the barrier to improve success in 

answering higher order questions? 

3) What are student and teacher views about the process of diagnosis and intervention? 
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4 METHODOLOGY  

4.1 OVERVIEW 
This small-scale practitioner research project was carried out with my Lower Sixth teaching 

class (Year 12 – age 16-17). Using case study approaches in the context of my practitioner research 

enabled the collection of multiple, overlapping sources of data to increase credibility (Tracy, 2010). 

The rationale being that a small study, looking at a phenomenon in its real-world context, would 

provide the potential for a more detailed understanding that would not be possible in a broader 

study (Denscombe, 2021; Yin, 2018).  

To answer the research questions, a stepwise approach with two phases was undertaken. The 

first phase was designed to diagnose the challenges experienced by students when responding to 

higher order questions. From the challenges identified, a specific focus was then chosen for a 

support intervention, the development of which is discussed after the findings from RQ1 are 

presented. Implementation of the intervention and evaluation of its impact formed the second 

phase.  

A mixed-methods approach was developed to enable the collection of rich data that could be 

triangulated to provide a holistic view of the problem (Cohen et al., 2018; Denscombe, 2021).  

Quantitative data was collected from assessments to measure attainment for different question 

types and from closed questions on a questionnaire. Qualitative data was collected from 

questionnaires and interviews to complement the assessment data, and the richness of the data 

allowed for a deep and nuanced understanding of the context (Menter et al., 2011). Quantitative 

and qualitative data were given equal emphasis.  A summary of the research project can be found 

in Table 1, giving a brief description of the research activities undertaken and the purpose of each 

one. 
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Duration/ 
weeks 

Phase of 
Research 

Research activity Purpose 

7   
Diagnostic phase 

End of topic 
assessments 

• To measure overall attainment 
• To measure attainment related to 

different question types 
• To identify the types of questions 

students perceive as most 
challenging 

Questionnaires • To measure student confidence 
• To acquire student perceptions 

about question challenge and 
barriers to success 

1:1 Interviews • To explore students' reading 
comprehension 

• To explore thinking processes  
• To gain teacher perspective on 

barriers to answering higher order 
questions 

5  
Intervention 

Intervention 
Introduction 

• To introduce cognitive strategies 
and the ideas around 
metacognition  

• Model the think-aloud process 

Summative 
assessment and 
questionnaire 

• School-wide assessment point 
• Compared data to pre- and post-

intervention data. 

Intervention • To practise using cognitive and 
metacognitive strategies using a 
scaffolded think-aloud process. 

1  
Post-

intervention 

Post-intervention 
end of topic 
assessment 

• To compare attainment in question 
type to pre-intervention attainment 

• To determine changes in student 
perception compared to pre-
intervention 

Post-intervention 
questionnaire 

• To explore student perception of 
and impact of intervention 

Group Interview • To further explore student 
perception and impact of 
intervention, with flexibility of 
conversation 

1:1 teacher 
interview 

• To ascertain any changes to teacher 
perception from pre-intervention 
interview. 

• To explore impact of intervention 
on teacher practice. 

Table 1: A summary of the phases of the research project 
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4.2 THE PARTICIPANTS 
The project was carried out with my current Lower Sixth teaching set. The class contains five 

mixed-ability students: four females, one male. A non-examination year group was chosen 

purposely so the progress of the project would not be impeded by the timings or pressures of 

external examinations, nor would examination preparation be impeded by the research project. 

They are the only set of Lower Sixth A-Level biologists at the school, so no comparison group was 

possible in the context.  

The teacher participant was also a collaborator, chosen because he was the co-teacher of 

the participating Lower Sixth class. This enabled more data to be collected from assessments and 

provided additional opportunities to enact the intervention. His unique perspective as another 

teacher of the class and the wealth of explicit and implicit practitioner knowledge he possesses 

provided a valuable tool to measure the impact of the intervention on the students and on his 

practice (Jarvis, 1999).  

4.3 COLLABORATION 
I collaborated closely with the other teacher of the class, meeting several times to discuss the 

development of the intervention. In these meetings I shared my initial data, ideas, and some 

theoretical backing after which we discussed how we could refine the intervention. Our dialogue 

allowed us to combine our knowledge of the participants, the curriculum, and teaching experience, 

thus influencing my ideas for the intervention (Cordingley, 2015; Jarvis, 1999). The shared risk-

taking involved in using a new approach enabled us to support one another through the process of 

implementation (Cordingley, 2015).  

I also collaborated with a colleague in the Learning Support department in my school when 

designing the interviews to assess reading comprehension. She has responsibility for carrying out 

various assessments, including assessing reading comprehension. She confirmed that my questions 
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were appropriate to measure reading comprehension. She felt they asked the students to retrieve 

detail and infer meaning of words in the context of the text. 

4.4 INSTRUMENTS USED TO EVALUATE THE RESEARCH QUESTIONS  

4.4.1 Assessments 

This instrument was used to evaluate RQ1 and RQ2. The research phase, topic, duration 

and space in which the six assessments used for the project took place are outlined in Table 2. The 

assessments during the intervention phase were part of a school-wide assessment procedure and 

were not explicitly part of the project. The data are included, as the assessment fell within the 

project timeframe. 

Research phase Assessment 
topic 

Duration (min) Took Place in: 

Diagnostic Cell membranes 40 My lessons 

Immunity 40 

Ecology 40 Colleague 
lesson 

Intervention Mixed  90 Examination 
Hall Mixed 90 

Post-
intervention 

Variation and 
selection 

40 My lesson 

Table 2: An overview of information about assessments 

For each assessment, past examination questions were selected to cover a range of 

question types and concepts within the assessed topics. The intention was to make each 

assessment close to what would normally happen in lessons and still provide a range of question 

difficulty for the purposes of the project. Particular attention was paid to including questions that 

required interpretation of data or diagrams as, from my experience as a practitioner, these often 

prove among the most difficult for students. 

Both overall attainment and attainment per question were measured and analysed. 

Calculating overall attainment as a percentage allowed comparison between assessments that had 

a different number of marks. Individual attainment was analysed over the sequence of the 
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assessments outlined in Table 2 to look for any change in attainment, particularly following the 

intervention to evaluate RQ2.  

As the number of marks available for each question varied, each response was ranked 

according to the marks attained as seen in Table 3. The ranking system enabled attainment for 

each question to be standardized and compared across questions and across tests during analysis.  

Question 
Attainment 

Rank 

Marks for 
response 

 
Description 

1 Full marks 
attained 

Demonstrated sound knowledge, understanding and use of key 
terminology. Met the demands of the question. 

2 Partial 
marks 
attained 

Minor mistakes indicating partial understanding, a lack of key 
terminology or missing detail. 

3 Response 
given, but 
no marks 
attained  

Response not scientifically accurate. Major mistakes.  
Did not meet demand of question. 

4 No attempt  

Table 3: An explanation of the ranking system used to rank attainment for each assessment question 

There is a limitation in using the above ranking system for question attainment, as nuance was 

lost from the middle rankings. The reasons for gaining only partial or no marks can vary 

considerably. More may have been gained from a deeper, more detailed analysis of each student 

response. Time was limited during the diagnostic phase, however, as the data needed to be used 

to decide the direction of the intervention. Thus, I decided to use a less nuanced system, 

acknowledging the limitations of conclusions I can draw from the data. 

To identify which questions both the cohort and individuals found most challenging for 

each assessment, mean attainment rank was calculated per question and per student. For analysis, 

questions were then split into three categories based on the mean attainment rank, as outlined in 

Table 4. A “Question difficulty” level was assigned to each category to relate student outcome to 

how difficult the cohort found a question. Using this system, a less difficult question indicates all 
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students achieved at least some marks. For a more difficult question, at least two out of the five 

students did not gain any marks and no more than two students would have gained full marks. 

Mean attainment rank Question difficulty 

<2.1 Less difficult 

2.1 – 2.5 Moderately difficult 

>2.5 More difficult 

Table 4: Question difficulty based on mean question attainment rank 

As part of my analysis of the data for RQ1, each assessment question was further 

organised by question type within each question difficulty category. Six general question types 

were identified from the command words used, exemplified in Table 5 (full table in Appendix A). 

Parallels can be drawn between these six question types and some of the learning outcome 

categories used in the revised taxonomy (Anderson & Krathwohl, 2001; Krathwohl, 2002). Despite 

the recognised ambiguity of the revised taxonomy (Stanny 2016), I cross-referenced my groupings 

with the action verb classification done by Das et al. (2022) as a framework for comparison. If there 

was more than one command word in a question, it was placed in the category which I felt had a 

higher cognitive demand. In the analysis, frequencies of each question type were counted, and the 

distribution of different question types was compared across the three question difficulty 

categories to see if there was a pattern. 
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Question 
type 

Demand of 
question (AQA, 
2014) 

Link to revised 
taxonomy using 
action verbs (Das et 
al., 2022) 

Examples of command 
words included in this 
category 

Making a 
judgement – 
using 
evidence 

Making an 
informed 
judgement; 
judging from 
available evidence 
or supporting a 
case with 
evidence. 

Evaluate Is the conclusion correct? 
Justify 
Assess why 
 

Suggest  Present a possible 
cause 
 

 Suggest and explain 
Use the data to suggest 
how 

Explain Give reasons 
 

Comprehension Explain how 
Describe and explain 
 

Dealing with 
data 

 Application 
 

Calculate 
Describe relationship (on 
graph) 

Describe Give an account of  
 

Knowledge & 
Comprehension 

Describe what 
Give and describe 

Recall  Knowledge What 
State (use table) 

Table 5: Examples of categorisation of examination question command words into question type 

4.4.2 Student task during assessments 

This instrument was used to evaluate RQ1. 

During the first three assessments, students were asked to indicate the three questions 

they found most challenging and provide an explanation for their choice. Their notes were used in 

conjunction with and compared to data from a post-assessment reflection afterwards. The 

intention was to explore student perceptions of challenge close to the moment of the assessment. 

It is recognised that the metacognitive nature of the student’s reflection altered thought 

sequences that would have occurred during problem-solving (Ericsson & Simon, 1993). The data 

were used to provide an initial picture as to what barriers the students face when answering 

questions during a test situation.  
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During analysis, frequencies of the types of question selected by the students were 

counted and were compared to question attainment. This allowed me to see if there was a pattern 

in the type of question selected and to see if perceptions of difficulty aligned with attainment. The 

data set is incomplete as not all students elected to complete this task, or difficult questions were 

identified without providing an explanation of choice. As it was important to me that their 

response was recorded during the assessment, I did not follow up the null responses afterwards.  

4.4.3 Student task after assessments  

This instrument was used to evaluate RQ1. 

Following each assessment, a 50-minute lesson was used to review the test. During the 

first of these lessons, the students and I collectively devised a coding system for reasons they did 

not gain full marks in questions, as outlined in Table 6. Students used this system as they reviewed 

each test to code the questions for which they did not gain full marks. The code they chose was 

based on their perception of the barrier(s) they faced and links to the evaluative stage of the 

metacognitive cycle (Muijs & Bokhove, 2020). This coding key is similar to those I have been using 

as a practitioner for years. 

Code Description 

V Didn’t use specific vocabulary 

K Lack of knowledge 

U Lack of understanding of topic 

Q Lack of understanding of question 

D Not enough detail provided in response 

M Mathematical skills lacking 

S Silly mistake 

Table 6: Coding key devised to indicate why full marks were not attained for a question 
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During analysis, frequencies for each code were counted and the distribution of codes was 

compared across the question difficulty categories.  As part of my evaluation of RQ1, this allowed 

for an exploration of a possible relationship between question difficulty and student perceptions of 

why they did not achieve more marks. If a relationship was found to exist, it might highlight a 

salient barrier, around which to focus my intervention. Secondly, frequencies for each code were 

looked at in relation to each student. I was interested to see how the individual challenges 

experienced by different students were expressed in their choices. Not all students elected to 

assign a code to questions, however, and some students assigned up to three codes to a question. 

4.4.4 Questionnaire  

This instrument was used to evaluate RQ1, RQ2, and RQ3. 

After the assessments, questionnaires were distributed online via Microsoft Forms (the 

platform used by my school) to elicit students’ perspectives on confidence and on their 

performance in relation to answering higher order questions (see Appendix B).  

A five-point Likert scale was chosen to measure confidence in relation to five statements based 

on a similar questionnaire used by Walsh et al. (2021) to measure nurses’ confidence in challenging 

situations. While nursing and education have inherently different challenges, Walsh and her 

colleagues suggest their scale could be modified and used as a tool for other disciplines (Walsh et 

al., 2021). Descriptors were used rather than both numbers and descriptors, so students did not 

need to process two pieces of information to make a decision (Cohen et al., 2018). The various 

levels on a sliding scale can be open to interpretation; however, five points have been shown to 

provide reasonable reliability, without overwhelming the participant with choice (Cohen et al., 

2018). Rankings of the confidence descriptors were assigned afterwards to enable easier analysis, 

as outlined in Table 7. 
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Confidence descriptor Assigned rank  

High Confidence 5 

Confidence 4 

Some confidence 3 

Little confidence 2 

No confidence 1 

Table 7: Confidence descriptors and assigned rank in Likert scale 

The confidence rankings were used to evaluate RQ2 to see if students’ confidence changed in 

relation to various factors over the course of the study. Data were analysed by looking at the trend 

for each student, and for the cohort overall, for each statement. Increased confidence would 

indicate a student’s self-efficacy had increased in that measure, and self-efficacy can be linked to 

HOTS in science (Sun et al., 2022; see discussion above).  

To further evaluate RQ1, four open questions were included. Together with the data collected 

in the post-assessment coding, the two sets of data provided a more complete picture of students’ 

perspectives and the context around their performance (Denscombe, 2021).  

 The open questions were similar to those often used in my lessons as part of a post-

assessment reflection, so the students were familiar with the process (see Appendix B). The first 

question allowed for an exploration of students’ perceptions about the converse of what they 

found challenging. Questions 2 and 3 allowed for elaboration of data from the students’ post-

assessment coding. I was also interested in exploring whether my intervention could be informed 

by students’ perceptions of how they might improve. Thus, the fourth question intended to enable 

the evaluative stage of the metacognitive cycle as students reflected on their performance and 

looked towards improvement (Muijs & Bokhove, 2020).  In the post-intervention questionnaire, 
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two additional questions were added (see Appendix C) to allow evaluation of RQ2 and RQ3. These 

questions elucidated students’ perceptions of how and why their confidence changed since the 

start of the study. 

Content of the responses was analysed in different ways to find meaning. The responses 

were coded to look for the mention of key concepts. Similar concepts were grouped together, and 

patterns were sought across each question per student and per assessment (Cohen et al., 2018). 

See Appendix D for an example of coding across a question.  

4.4.5 Interviews  

All interviews were recorded and transcribed verbatim, then changed for readability 

without losing the original meaning. 

4.4.5.1 For Reading Comprehension  

 This instrument was used to evaluate RQ1.  

As reading comprehension was one of the suspected mechanisms for low attainment, I 

wanted to explore this in a focused manner. Past examination questions were selected that 

included longer passages of text. As I was interested in the evaluative comprehension of reading, I 

developed interview questions that related to understanding the selected passages rather than 

using tests such as NARA II and TOWRE that measure different aspects of reading comprehension 

(Nunes et al., 2012). The meaning of the command words was probed to gauge whether the 

students understood the action verb.  

During analysis, student responses were judged on accuracy in relation to retrieval of 

information from the text and inferred meaning based on my domain knowledge and the mark 

schemes to the questions. The transcript and my field notes were used to infer time taken to 

respond and other non-verbal aspects of their response. 
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4.4.5.2 To Explore HOTS 

 I planned and began carrying out think-aloud interviews for the purpose of exploring 

students’ thinking. Practice questions and procedures recommended by Leighton (2017) were 

followed (see Appendix E). When one of the students became visibly upset during the process and 

felt she could not continue, I decided to stop. From the outset, the student struggled to verbalise 

her thoughts. Gentle prompts to ‘keep talking’ unsettled her. She expressed that she did not know 

the chosen topics well enough to answer and started to apologise. The power asymmetry in our 

relationship in the context of a one-on-one interview may have created a tension between wanting 

to stop the interview and a fear of disappointing me. Even if a think-aloud interview is presented as 

low-stakes, performance anxiety can increase and affect performance (Leighton, 2017). It felt 

unethical to conduct any further think-aloud interviews, as I did not want to risk creating further 

undue stress.  I have not included the data as part of my research project 

4.4.5.3 Group interview 

Following the intervention, a semi-structured group interview was conducted with the 

cohort during a 50-minute lesson. The interview method was chosen to allow for flexibility of 

conversation and opportunities for clarification from all parties. Dialogue between members of the 

group was possible, so ideas could be built upon in a way not possible in individual interviews 

(Cohen et al., 2018; Denscombe, 2021). Prior to the interview, I printed the indicative questions for 

the interview and provided ten minutes at the beginning of the lesson for the students to make 

notes on the questions. This counteracted the potential pitfall of a member of the group 

potentially dominating the conversation and it reduced potential anxiety about responding to 

questions spontaneously in a social context (Menter et al., 2011).  

In the analysis, responses were coded, categorised by key ideas and summarised (See 

Appendix F for example coding). 



   

 

42 
 

4.4.5.4 Teacher Interview  

Semi-structured interviews were conducted with the co-teacher of my class before and 

after the intervention (see Appendix G for questions). As in the group interview, I wanted to enable 

flexible dialogue and allow the conversation to open in unexpected directions. The purpose of the 

first interview was to elicit another practitioner’s perceptions regarding RQ1 and to generate ideas 

for potential interventions. The post-intervention interview was used to evaluate RQ2 and RQ3. In 

the analysis, responses were coded, categorised by key ideas and summarised. 

4.5 ETHICAL CONSIDERATIONS 
It was important to consider the potential effects of the research to ensure that the human 

dignity of all involved was preserved (Clark et al., 2021; Cohen et al., 2018). To do so, the 

guidelines set out by the British Educational Research Association (BERA) were followed 

throughout all stages of the investigation (BERA, 2024). Ethical approval for the project was sought 

and obtained from CUREC. 

4.5.1 Consent 

Formal consent was firstly gained from the head teacher at my school. As the students were 

deemed competent youth (Central University Research Ethics Committee, 2022), informed consent 

was obtained from them directly, with parents and guardians informed as a courtesy. To try and 

reduce the power asymmetry inherent in my relationship as the students’ teacher, I left the room 

after providing the information sheet and time to read it and ask questions. Although Farrimond 

(2017) argues students will invariably feel a “subtle social pressure” to conform to teachers’ 

expectations to participate, the intention in leaving the room was to give weight to the project as 

something separate from the normal course of lessons (p. 81). To emphasize the voluntary nature 

of the project, at each stage it was reiterated that the participants could withdraw from the study 
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without any repercussions on their studies or work (Cohen et al., 2018). However, other pressures, 

such as conforming to peer group norms, might have been at play (Brooks et al., 2014). 

4.5.2 Power balance 

In addition to the feeling of obligation my students may have felt to take part in the study, 

the power asymmetry in our relationship may have led them to providing responses aimed to 

please (Brooks et al., 2014; Cohen et al., 2018; Farrimond, 2017). To promote honesty, I 

emphasized the nature of the study to explore their authentic views. With an established student-

teacher rapport, I strove for a balance in making the students feel at ease and that their 

contribution was important without placing expectations on them for any particular response 

(Cohen et al., 2018). I worked to remain as objective as possible, given my role as both teacher and 

researcher. As practitioner research cannot be value free, I constantly reflected on my own values 

and shared these as explicitly and transparently as possible (Menter et al., 2011; Tracy, 2010). My 

position as a practitioner-researcher must be acknowledged, however, and my inexperience as an 

interviewer may have influenced responses from the participants in unexpected ways (Menter et 

al., 2011). 

4.5.3 Privacy 

All efforts were made to keep personal information private. Pseudonyms were used and all 

identifying data was removed from documents, including gender-specific pronouns for the 

students. While the pseudonyms were used, the small size of the project and the use of qualitative 

data means using pseudonyms might not eliminate the possibilities of identification (Clark et al., 

2021). Data was stored on my supervisor’s One Drive and only kept for three years. 

4.6 LIMITATIONS: 
Several limitations to this study must be acknowledged.  
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Firstly, there is certain relevant information that could explain some of my findings that I 

cannot include for ethical reasons. This means some context is obscured from the reader, but 

confidentiality is maintained (Scheper-Hughes, 2000).  

Secondly, collaborating with my co-teacher was more challenging than expected. 

Communication about the timing of different parts of the process lacked clarity at times. For 

example, an assessment happened in my colleague’s lesson before I had communicated my 

intentions for the assessment review process. This resulted in a loss of potential data.  

Finally, carrying out a study in a naturalistic setting within the constraints of a specific school 

context limits the applicability of the findings to a wider context (Cohen et al., 2018). While 

findings can potentially be transferred to other settings using “fuzzy generalisation” (Bassey, 1999), 

readers will need to infer what is applicable in their own context (Denscombe, 2021). 

5 FINDINGS AND DISCUSSION PART 1: DIAGNOSIS 

5.1 RQ1 - WHAT ARE THE BARRIERS TO ANSWERING HIGHER ORDER QUESTIONS FOR MY 

STUDENTS? 
Analysis was carried out across a range of data sources, which were used in conjunction with 

one another to elicit the barriers to answering higher order questions for my students. Question 

type, difficulty in question interpretation, difficulty with the language used in the question and an 

insufficient depth of knowledge emerged as barriers to the students in my class. Findings from the 

evaluation of this research question led to the development of the intervention, which follows in 

Section 6. 

5.1.1 Question types 

Questions that asked the students to make a judgement using evidence, deal with data, or 

to “suggest” formed a larger proportion of the questions which the students found moderately 
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difficult or more difficult, as seen in Figure 4. The questions which the students found less difficult 

were those that required them to recall, describe or explain. 

 

Figure 4: Distribution of different question types between the three categories of question difficulty from the first three 

assessments 

Finding that students perform less well on questions requiring them to make a judgment, 

suggest a probable cause, or deal with data confirmed my expectations as a practitioner, having 

observed these (and other) students struggle with similar questions in the past. These question 

types are broadly in line with questions characterised by HOT as categorized by the revised 

taxonomy (Anderson & Krathwohl, 2001; Das et al., 2022). To successfully answer these types of 

questions, students must go beyond retrieval of content knowledge to interpret new information 

in the context of their content knowledge, evaluate evidence, or provide a reasonable, possible 

suggestion, all of which can be considered HOTS (Bartlett, 1958; Lewis & Smith, 1993; Resnick, 

1987; Sun et al., 2022).  

The distribution of question type by command word into each of the three question 

difficulty categories is not clear cut, implying the influence of other factors on student success. For 
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example, “suggest” questions are found in all three categories. This indicates the command word is 

not the only determining factor of either question difficulty or student success (Jones et al., 2009). 

The topic and the wording of the question are two of the other factors that might influence the 

difficulty of the question for the student, providing a possible explanation for the range in 

attainment seen in similar question types (Das et al., 2022; Stanny, 2016).   

When students were asked to identify the three most difficult questions during the first 

three assessments, there was a similar lack of a definitive pattern around question type and 

attainment for selected questions. While questions that asked students to “suggest how” or 

“suggest why” made up the biggest category of question chosen (see Figure 5), questions that 

require HOTS like, “Consider whether the graph supports the hypothesis” were chosen less 

frequently than questions that asked students to “describe” or “describe how”. Interestingly, in 

terms of attainment there were five instances out of 28 where students perceived the question to 

be challenging but attained full marks. In less than a third of the earmarked questions did students 

gain no marks. This finding contradicts expectations; however, parallels can be drawn with the 

findings from Jones et al. (2009). In their study of tertiary engineering students, they found no 

direct association between student performance and question level (Jones et al., 2009). Beyond a 

clear indication that “suggest” questions are perceived as more difficult, the lack of consistency in 

selected question type and varied attainment for those questions points to a more nuanced reason 

in determining question difficulty. There is also an implication that students’ metacognitive 

processes around monitoring are inaccurate. 
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Figure 5: Distribution of most difficult questions as selected by students during the first three assessments 

One factor that seems to increase the challenge for students is the fact that questions 

demanding HOTS often include unseen information, particularly unfamiliar data and graphs. In the 

pre-intervention interview, my co-teacher identified the most challenging questions for students as 

those that require an evaluation of a conclusion or include unfamiliar information or data:  

Some of them just panic. And then when [the question] is built around data, for example 
graphs, and they have to extrapolate or infer something from a study that is clearly related 
to something that they have done in lessons, but I think they find it hard sometimes to find 
those links. 

His comments point to the complexity of answering such questions. A student must undertake 

several cognitive steps before crafting a response. First, a student must understand and interpret 

the unfamiliar data, graph or information, then infer meaning, and lastly link it to their content 

knowledge. Students may lack the HOTS to understand and break down the problem into separate, 

solvable steps as suggested by Pólya (1957). Without the necessary HOTS to address each part of 

the question, each step required might become a barrier. Thus, it is not surprising some students 

“panic” when faced with unknowns and therefore find it hard to draw on their own knowledge.  
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5.1.2 Difficulty in question interpretation 

Difficulty with question interpretation commonly emerged when discussing question 

difficulty.  When identifying the three most difficult questions during an assessment, Student B 

commented there was, “Lots going on with the graph. Bit confusing wording.” This comment draws 

attention to their difficulty in interpreting the graph presented in the question. For them to state 

there is “lots going on” with the graph implies they find it challenging to break down the data for 

interpretation. Similarly, Student C states they are “unsure what the question wants”, indicating 

they are unable to understand the full requirements of the question in context. If students feel 

unable to understand the demands of the question, this will prove a major barrier to answering 

questions.  

Finding that students’ perceived understanding is a barrier was replicated in the student 

responses to the post-assessment reflection tasks. Analysis of data from the post-assessment 

coding shows most reasons for not attaining marks were attributed to all types of questions but 

were not distributed evenly, as seen in Figure 6. For the most difficult and moderately difficult 

questions, students attributed a lack of understanding of the question (Q) more frequently than 

they did for less difficult questions. A lack of understanding of the topic (U) was also more likely to 

be ascribed to the most difficult questions.  
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Figure 6: Distribution of 153 total reasons given for not gaining full marks. Collected from 43 questions. 

Comments in the questionnaire mirror the data in Figure 6 and provide more context. In 

response to the questions, “What did you find challenging about this set of questions, as a whole?” 

and “What are the reasons you lost marks? Put the biggest reason first,” “not understanding the 

question” was one of main reasons mentioned by the students. Variations on this comment 

included references to “misreading the question”, not reading the question properly, and “a lack of 

time to read [the] question and understand it”. These comments imply either that students did not 

have enough time or did not take the time to fully comprehend the question. My colleague 

commented in his interview that students do not always spend enough time looking at the data 

before responding to the question. Time pressure associated with an assessment may also impact 

students’ abilities to understand the demands of the question and complete each cognitive step. It 

must also be acknowledged the comments about misreading the question could also implicate 

reading comprehension as a barrier, which will be explored later. 
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In our interview, my colleague agreed that understanding the question can be challenging, 

particularly when the scenarios presented in the question are unfamiliar. He said students are 

trying to do two things: 

They're trying to decipher what the question is actually trying to ask them, and then 
they've got a selection problem. Those better students have to decipher the question still, 
but once they've done that, the knowledge is there for them to kind of just fit it in, a bit 
like pieces of a jigsaw. 

Like Pólya (1957), my colleague acknowledges understanding the problem is the first step to 

answering the question. As noted previously, the possibility exists that students lack the necessary 

skills to break down the information into solvable steps or struggle to transfer skills applied to 

previous problems to the novel one (Orton, 2004). Their lack of understanding of the question 

prevents them from constructing a response which is fully aligned with the demands of the 

question and may lead them to randomly guess (Muijs & Reynolds, 2018) or avoid the question 

altogether. 

5.1.3 Difficulty with the language of the question 

The wording of the question came up in different data sources as a reason for question 

difficulty. This was not surprising, as understanding the domain-specific language used in the 

question is an aspect of understanding the question. In Figure 6, above, although “understanding 

vocabulary” was not specified as a reason, both a lack of understanding of the question (Q) and a 

lack of understanding (U) may have been chosen by students when they found the wording 

difficult. One student explains how a particular question was difficult because of the link between 

unfamiliar academic language and understanding of the question. All participants pointed to 

wording of the question as a reason for difficulty either during or following the assessment on cell 

membranes, with most citing a specific question.  The question, “Describe the mechanism for the 

absorption of amino acids in the ileum,” required only a demonstration of knowledge and 

understanding of the topic and not any HOTS. Thus, it was surprising it caused difficulty in the 
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group. In their explanation of why this question was difficult, both Student B and C point to the 

word “mechanism” as the root of difficulty. “Mechanism” would be considered a Tier II word (Beck 

et al., 2002). As a non-content related word, it is difficult to define using the context of the 

question, so it is not recognised by the student. This highlights what Snow (2010) found about the 

barrier academic language can pose to understanding the text.  

For most students, however, comprehension of text was not deemed a major barrier 

overall. In the interviews carried out to explore reading comprehension, all students demonstrated 

they were able to retrieve information from the text and infer the meaning of a scientific or 

technical word in context. Speed of retrieval from the text varied between students. None of the 

students seemed confused by any of the language used or had coping mechanisms for unfamiliar 

terms. Student B said they “blanked” out unfamiliar terms, such as unrecognized names of drugs, 

and treated them like “a little box”. With their comment, Student B demonstrates an ability to 

decipher the text without knowledge of those words. It was concluded that for all students except 

one, the retrieval of information and inference did not seem to be a major barrier to 

understanding.  

Notably, one student found the reading comprehension more challenging. They re-read 

the text several times before they could retrieve the information needed to answer the question in 

the interview. Often, this student noted the wordiness of questions or the length of questions as 

reasons for the difficulty they experienced. This could be explained by the student’s processing 

speed, but also by their cognitive load. (Holman & Yeomans, 2018; Sweller, 2010). The differences 

noted here highlight the necessity to keep individual needs in mind, as not every student will 

experience the same barriers to answering a question.  
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5.1.4 Insufficient depth of knowledge, including a lack of biological vocabulary 

Insufficient content knowledge was another common thread to emerge from my analysis 

of several sources of data. The student comments below point to lack of content knowledge with 

statements around their uncertainty of their grasp of absorption as a topic: 

“Mechanism? What is it? Also need to revisit absorption. Unsure what question wants.” 
Student C 

“Wasn’t sure which type of transport amino acids are absorbed by.” Student A 

 In Figure 6 above, a lack of knowledge is the third most frequent reason given for losing 

marks, particularly for the less difficult questions. Students elaborated on this in the questionnaire, 

where they often mention a “lack of knowledge” and a “lack of revision” for reasons they lost 

marks, or that “more revision is needed” indicating that they attribute their lack of success to 

insufficient depth of knowledge or an inability to retrieve that knowledge.  

When the students were questioned about the content knowledge needed to answer the 

examination questions in the reading comprehension interviews, their answers were less confident 

and required further probing, compared to questions about retrieving information from the text. 

This was particularly true for students who are typically lower attaining. Given that lower-attaining 

students often have less domain knowledge, and that existing domain knowledge has a substantial 

impact on understanding and interpreting text, this finding is unsurprising (O’Reilly & McNamara, 

2007).  

Part of this perceived insufficient depth of knowledge is a lack of knowledge about the 

domain-specific vocabulary. Students struggle to use the vocabulary expected from an A-Level 

biologist. In Figure 6 above, not using the correct vocabulary (V) is the most frequent reason given 

for losing marks, particularly for less difficult and moderately difficult questions. Not including 

enough detail in the written responses (D) is the second most frequently given reason for losing 

marks and is distributed equally across question difficulty. Interestingly, Student A consistently 
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attributes V and D to their lower attainment more than any other reasons. Student A confirms 

these choices through their comments in the questionnaire by referring to vocabulary or not 

including enough detail. Choosing both V and D points to a lack of depth of domain-specific 

knowledge when constructing a response to the question. Student A finds it difficult to articulate 

their understanding of the concepts using domain specific language, which results in gaining fewer 

marks.   

Another aspect of this insufficient depth of knowledge is an inability to differentiate 

between concepts within a topic and select the appropriate ideas. In the section above my 

colleague’s comment implies students must select the appropriate content knowledge after they 

determine the requirements of the question. Student B highlights this after the assessment on the 

ecology topic by responding in the questionnaire that it was challenging “not understanding what 

aspect of the topic the question wants you to write about.” This comment implies a lack of 

understanding of the question, brought about by insufficient content knowledge. She goes on to 

state she lost marks because “I couldn’t completely differentiate between different sub-topics. 

They all interlink and merge in my head.” In my experience as a practitioner, students often cite 

that they struggle to apply their knowledge to the question, as noted earlier by O’Reilly and 

McNamara, 2007). My colleague also mentions this in his interview. He referred to knowledge as 

‘pieces of a jigsaw’. Using this analogy, an insufficient grasp of the content knowledge and 

vocabulary is like being unable to find and fit the correct piece into the jigsaw from amongst the 

myriad similar pieces spread on a table. 

6 DEVELOPMENT OF INTERVENTION 

From my initial data collection and analysis, several potential foci emerged for an intervention. 

The findings indicated question type plays a role in perceived difficulty. Attainment was often 
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lower in response to questions requiring HOTS, but the data revealed that the barriers around 

these higher order questions were complex and nuanced. Understanding the demands of the 

question by deciphering the language of the question and any unseen information also play a role. 

Additionally, selecting the appropriate content knowledge (if present) proved challenging. The 

multiple barriers faced when answering higher order questions for these students suggested that a 

multi-faceted intervention focusing on strategies used to approach questions might be useful.  

Student questionnaire responses about how they might approach questions differently in the 

future show that they are cognisant that their strategies require improvement: 

“Re-read the question” 
“Re-read answers and questions to refine my points in a suitable order.” 
“Take time and stay on track of what the question is asking.” 
“Slow down and highlight key words in questions. Interpret what the question asks only from 
these key samples.” 
“Try and analyse it more to find out more detail on what it wants me to write about when the 
questions aren’t as obvious, looking at the questions before and after might help me do this 
too.” 

 

There are multiple comments here highlighting the students’ varying levels of awareness that they 

must grapple with the question on a deeper level. Some refer simply to re-visiting the question, 

without any indication of what they might gain from doing that. Others recognise a need to 

identify key aspects of the question that provide the context for the demands of that question. 

Two students demonstrate an awareness of using a metacognitive monitoring process to look “at 

the questions before and after” or “stay on track of the question”. Alternately, it could be argued 

that “staying on track of the question” refers to a student’s struggle with keeping all aspects of the 

question in their working memory. Collectively, these comments imply the students might benefit 

from improving their cognitive and metacognitive knowledge and strategies. 

 An intervention was developed to explicitly teach some cognitive and metacognitive 

strategies to use when approaching higher order questions, as the literature suggests direct 
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instruction is the most effective (Holman &Yeomans, 2018; Muijs & Reynolds, 2018; Pólya, 1957). A 

think-aloud approach, inspired by those I came across in the literature, was chosen to model 

strategies selected during collaborative discussions with my co-teacher (Allen & Hancock, 2008; 

Dabarera et al., 2014; Holman & Yeomans, 2018; Jackson, 2016; Muijs & Reynolds, 2018; 

Rosenshine & Meister, 1992). During the initial intervention lesson, students were given a cue card 

with the strategies outlined in Table 8. Collectively, the students referred to the strategies as 

“SKLIS ME”. My colleague suggested using a cue card to introduce the strategies, an idea 

supported by Rosenshine & Meister (1992).  

Strategy Action 

S - Scan Read and scan the question – what is the general idea/topic? 

K – Key words/data What key terms are being used? Key data? 

L – Link Make links between the question and what you already know. Make some 
notes/draw pics 

I - Instructions What is/are the command word(s)? Are there other instructions? How 
many marks? 

S – Summarise In your own words, summarise what the question is asking you to do. 

M – Monitor Is what you are doing working? Are you answering the question/including 
the correct number of marks, etc. 

E – Evaluate What worked? What didn’t? 
Table 8: Strategies given to students (on cue card) and modelled by teacher 

The use of these strategies was then modelled by the teacher, using a question that included 

unseen data and selected to provide desirable difficulty (Bjork & Bjork, 2014). Following this, the 

teacher led the students through a scaffolded question (Rosenshine & Meister, 1992). (See 

Appendix H for an example of a question annotated during a think-aloud modelling). Lastly, the 

students worked in pairs, taking turns to think-aloud the strategies with each other on subsequent 

questions. In an attempt to execute the intervention strategies in a similar way, my colleague 

observed the introductory intervention lesson I did with the class.  The intervention took place 

over a five-week period, mostly in my lessons with the group, but also in several lessons with my 

colleague. 
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7 FINDINGS AND DISCUSSION – PART 2: POST-INTERVENTION 

7.1 RQ2 – WHAT IMPACT DOES AN INTERVENTION HAVE IN ADDRESSING THE BARRIER TO 

IMPROVE SUCCESS IN ANSWERING HIGHER ORDER QUESTIONS? 

7.1.1 Confidence 

Overall, confidence of the cohort increased in their ability to answer more challenging 

questions following the intervention.  In the post-intervention questionnaire, each of the five 

students answered positively when asked how their confidence in answering more challenging 

questions had changed since January. They used phrases like “more confident”, “better”, and 

“improved”, but four out of the five students qualify this by saying confidence has improved only 

“a little bit” or their approach to harder questions “still needs work”. The way in which they 

temper the gains they have made highlights their perception of a need for more practice in 

answering challenging questions to develop their skills further. It also suggests their metacognitive 

awareness of their own abilities may have increased, such that their self-efficacy assessment is 

more accurate (Linnenbrink & Pintrich, 2003).  

Familiarity with the more challenging question types seems to play a role in confidence. In 

the group interview, Student E remarked that regularly being given difficult questions in class 

prepares them for an exam:  

Because now when we get into an exam, for example that exam we just did, and [the 
questions] are not all six-mark or four-mark “suggest” or “evaluate”. And it prepares you. 
It’s like, well, I can actually answer this. And then that makes me feel good.”  

A similar thought was shared by Student C who remarked, “Suggest questions are not scary any 

more”. This comment implies increased exposure to difficult questions increases self-efficacy in 

two ways. Firstly, it reduces the anxiety that can be caused by challenging questions by normalising 

a higher level of difficulty (Palmer, 2005). Thus, students are less likely to link anxiety to inability. 
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Secondly, as the student experiences their own success and the success of others, self-efficacy is 

increased through both mastery and vicarious experiences (Bandura, 1977; Palmer, 2005). 

My colleague agreed confidence has grown across the cohort and that exposure to 

questions is important. In the post-intervention interview, he echoed the sentiments of the 

students that there was less panic when faced with difficult questions, particularly for lower-

attainers. He expands on how the students have benefited: 

I think if you put a question in front of them six months ago that was a big block of text 
with a table or maybe a graph in it, their natural response would be to recoil…but I think if 
you put it down now in front of Student E, because [they have] a scaffold and because 
[they have] seen that it works when [they’ve] applied it…[Student E] knows that actually 
they don’t need to panic. 

His remarks point not only to familiarity with difficult questions as playing a significant role in 

increasing self-efficacy, but also links the scaffolded thinking strategies to self-efficacy by providing 

a structure the students can use to approach these questions.  

7.1.2 Structured approach shifts thinking 

The idea the thinking strategies provide a structured way to approach questions, and thus 

make students feel more confident was shared by the students in both the post-intervention 

interview and the post-intervention questionnaire. When asked how participating in the study has 

changed how they think about and respond to questions, Student E notes,  

I think at the beginning of A-Levels you just get freaked out by questions because they’re 
so long and so much information. But now I actually don’t mind them as much because I 
actually find if I use the method, it actually gives me an answer sometimes. 

Student E confirms what my colleague said above: more difficult questions, particularly those that 

are text heavy, previously caused them to panic. The strategies introduced through the 

intervention allowed students to approach longer questions so they can craft a response with 

more confidence. Using a structured method to break down the longer questions allowed this 

student to access the ideas in the question that had been previously inaccessible. The intervention 
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enabled this student to use more metacognitive strategies and HOTS in answering the question, 

potentially by reducing the cognitive load through a problem-solving heuristic (Pólya, 1957; 

Sweller, 2010). 

In response to the questionnaire question about what had the biggest impact on 

confidence in answering questions, many linked the thinking strategies and modelling to an 

improved approach to questions. Both students below refer directly to the cognitive strategies 

used in the intervention as having a positive impact on their confidence since the beginning of the 

project: 

Going through thought processes for going through difficult questions, looking at 
examples of how to answer questions to make sure you have the right points. Student A 

The SKLIS ME strategy and the help that I have gotten with evaluate and suggest questions. 
Student C 

In their comments, they acknowledge a shift and development in their thinking when approaching 

questions. While the thinking processes have not been measured directly, in the post-intervention 

interview Student C describes how they now take more time to process the information presented 

in a question, using the strategies as a starting point to analyse it: 

Time taken to think has definitely been extended for me. And I approach stuff from 
different angles now. I approach it more from the sense of the keywords and in the scan of 
the question I do, rather than the instructions. I approach it from looking at the 
question…after scanning it and then answering and then kind of making sure that I have 
summarised the instructions because before I used to look at the instructions and then 
follow what I thought they wanted me to do, and I honestly would read about a quarter of 
the question. 

In the response, this student discusses the merits of using the different strategies introduced in the 

intervention, such as scanning the question and identifying keywords at the start of a question, 

demonstrating that they have engaged with the process. There is a sense that the student is 

decoding the question methodically, followed by an evaluation of whether the answer follows the 

instructions. This student’s metacognition and problem solving-skills have been positively 
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impacted by the explicit teaching and modelling of these skills (Hembree, 1992; Holman & 

Yeomans, 2018; Muijs & Reynolds, 2018).  

The impact the intervention had on extending the time this student, and others, take to 

read and decipher the question is an intriguing finding. From my own practitioner experience, I 

have observed students often skim-read questions, without fully processing the information. In the 

post-intervention interview with my colleague, he agrees:  

Students have a tendency to jump straight to [answering] the question, with the lines to 
fill, without looking at the graph or reading the information.”  

He feels they are less likely to do so now after the intervention. If students are taking more time to 

decipher the demands of the question before answering, this may eventually lead to more success 

in answering the questions as students gain a better understanding of the questions. 

7.1.3 Attainment 

There was no discernible change in mean cohort attainment over the period of the 

research project. Attainment in the sequence of tests fluctuated for all individuals, with some 

performances varying greatly (see Figure 7). Students A and C both demonstrated a small increase 

in attainment, which could potentially be attributed to the intervention, however, the other three 

students’ attainment either decreases, stays the same or fluctuates too widely to draw a 

conclusion. The performance of the three students who do not yet see a sustained increase in 

attainment could be viewed through the lens of several contextual reasons. For ethical reasons 

around privacy and confidentiality, this is not possible. 
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Figure 7: Individual and mean test scores over subsequent assessments which took place between January and May 

 There was not a perceptible shift in which questions the students found most challenging 

either (see Figures 8 and 9). While some potential patterns could be elicited, the small number of 

questions in the post-intervention assessment makes the data less comparable. 

 Attainment might not yet have been impacted by the intervention, as a number of barriers 

may still need to be addressed. Students perceive practice and revision as playing an important 

role in their ability to answer more challenging questions. In the post-intervention questionnaire, 

Student B touches on both ideas:  

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

Cell
membranes

Immunity Ecology Apr MOCK1 Apr MOCK2 Variation and
selection

Te
st

 s
co

re
/%

Test title

Percentage score over time

A B C D E Mean

0 1 2 3 4 5

Recall

Describe

Dealing with data

Explain

Suggest

Making a judgement

Less difficult Moderately difficult

More difficult

0 5 10 15

Recall

Describe

Dealing with data

Explain

Suggest

Making a judgement

Less difficult Moderately difficult

More difficult

Figure 8: Distribution of question type between question 
difficulty categories, pre-intervention 

Figure 9: Distribution of question type between question 
difficulty categories, post-intervention 



   

 

61 
 

It’s gotten better but I need to consolidate my knowledge and links between different 
topics to make them easier. 

Practice has definitely increased my ability to approach them but as the course links 
together more and I know all the content to a similar standard, I think I’ll be able to 
practise my answering techniques more effectively and gain higher marks. 

While Student B’s confidence has improved, they still feel limited by their knowledge when faced 

with difficult questions (Willingham, 2021; Zoller, 1993). Rather than referring directly to the 

cognitive strategies used as having the biggest impact on their confidence, Student B again 

mentions needing to know the content. There is a recognition they employ “answering 

techniques”, although it is not clear whether these are the modelled techniques or others. Given 

that this student’s work often contains annotations, similar to those used in the modelled 

strategies, it can be inferred that this student feels these techniques require practice and deeper 

understanding of the content to develop further.  

Linking to the effect of content knowledge, the topics  also impact confidence in answering 

difficult questions. Cohort confidence in the topic varies from test to test. This is not unexpected, 

as student preparation for the test, difficulty of the topic, and student comfort with a topic will 

also be different throughout. While confidence about topics, as measured using a Likert scale in 

the post-assessment questionnaires, generally increases after taking and reviewing the test, this 

trend is slightly reversed in the April Mock (see Figure 10). This reversal could be due to the wider 

selection of topics assessed. Students did not know which exact topics from a broader selection 

would be chosen, so they might not have reviewed their knowledge of all topics as fully. 
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Figure 10: Change in mean confidence rating over a series of assessments between January and May 

There is a general upward trend in confidence in response to all statements about more 

challenging questions, including questions requiring more reading, data interpretation or that 

contain unfamiliar words. The differences, however, are very small and fluctuate over time. The 

small variation in mean scores could be attributed to the nature of Likert scales and human 

propensity to pick more middle values (Cohen et al., 2018), as the scores do not reflect comments 

fully.  

7.2 RQ3 – WHAT ARE STUDENT AND TEACHER VIEWS ABOUT THE PROCESS OF DIAGNOSIS AND 

INTERVENTION? 

7.2.1 Test review using key 

One unexpected finding from the diagnostic phase is that both students and co-teacher 

viewed the process of reviewing assessments using a key as helpful. Three reasons for this 

emerged from the data.  
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The first idea to emerge from the interviews is that through the process of coding 

mistakes, students perceive mistakes as more manageable. When asked about the usefulness of 

reviewing test performance and coding them afterwards: 

It’s taken the focus away a little bit from just a general sense in their mind of ‘I failed this 
exam where I’ve not got the grade I was looking for.’ Now, their focus is much more on 
‘why have I not done as well as I can?’ The result hasn’t changed but, actually, for them the 
formative nature of the assessment is really coming through. Teacher 

It makes mistakes feel more manageable. Like you can improve. And where to improve as 
well. Student B 

An important shift in student perceptions is identified, from one of failure and finality to one of 

learning and improvement. My colleague reflects on the formative nature of the assessment being 

emphasized, which is echoed by the student. The feedback allows the student to reflect on their 

performance and determine the direction of future learning. The student also believes they can 

improve, demonstrating greater self-efficacy. 

The idea that the assessment review process helps shape future learning and revision was 

the second idea that emerged. Student B mentioned it above, when they spoke about ‘where to 

improve’, and others agree: 

I can focus my revision. For example, if I’ve got a bunch of Ks…(knowledge), I just don’t 
know the topic. Just go back over and…revise. If it’s a bunch of Qs, so I don’t understand 
the question, then I can, like, focus my revision…I’ll have a look through some four-markers 
in the practice paper books and try to nail them. Student E 

It gets me to figure out why exactly I’ve been losing the marks and it helps to, you know, 
specifically what I can target in revision and stuff. Student A 

I get to plan. Normally, when I review my tests, I’m not a big one for planning stuff. I like to 
just mark and I go, ‘That was wrong,’ but using your approach to actually force me to think 
about what I need to do, which allows me to like kind of plan out. Student C 

There is an increase in the student’s self-knowledge from the evaluation of their assessment, 

which feeds back into their knowledge of their metacognitive processes (Muijs & Bokhove, 2020). 

Their evaluation of their work allows them to plan the next steps of their learning. Rather than 
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blindly moving from one assessment to the next, there is conscious reflection involved. The idea of 

the role of metacognitive processes is addressed by my colleague: 

…now they are able to very quickly understand why they didn’t get the marks, and because 
of that, this idea of a bit of metacognition, I guess that they can start to understand what 
they would do to put them right because they have experience of lots of mistakes in the 
past and they can categorise them in their mind.  

The increased metacognition in understanding mistakes improves self-efficacy so they believe they 

could improve in future assessments.  

The third idea that emerged from the interviews was that the students started to view the 

coding process as part of their learning process in biology and, for some, in other subjects. While 

none had used this specific process for reviewing assessments before, all agreed in the interview 

they would use this strategy to review future tests. Two of the students remarked they felt the 

codes could be refined further for personal use. One student had already used an additional code 

in the post-intervention test review to denote a mistake associated with a graph. One of the more 

reflective participants provided evidence that the approach to test review can be transferred to 

other subjects in the notes made before the group interview: 

I use the reviews in my chemistry to help increase confidence and understand and visualise 
what went wrong.  

The comment above demonstrates that the process of identifying explanations for perceived 

failure lessens the sense of failure. As in the finding in RQ2, the formative, metacognitive nature of 

the process seems to boost self-efficacy. While this potentially contradicts what Yerdelen-Damar & 

Pesman (2013) found in relation to the mediating effect of self-efficacy on metacognition, it aligns 

with Sun et al.’s (2022) finding that by positively affecting scientific reasoning, metacognition 

enhances self-efficacy.  My findings here support the suggestion that the relationship between 

metacognition and self-efficacy is both important and complex.  
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7.2.2 Perceptions of using the intervention strategies  

A key finding from the group interview is that all students perceive the list of intervention 

strategies as useful when approaching challenging questions.  

I think it’s quite useful ‘cause like, sometimes I might not know how to approach a difficult 
question and it’s helpful to know where to start and how to go about answering it. Student 
A 

I tend to get flustered by questions. All my thoughts like jumbled up, so when I have a 
structure I can follow, it might break it down a little so I can answer it. Student D 

The comments above note the structured nature of the strategies gives the students a starting 

point, particularly when there is a feeling of under-confidence in relation to a difficult question. 

Student D’s comment reveals they feel the intervention has provided a way into questions 

previously viewed as inaccessible. This finding is particularly interesting as this student has a 

tendency to leave questions un-answered if their perceived self-efficacy for that task is low. The 

strategies provide a scaffold for the student to find some success. This leads to greater self-

efficacy, and so the student is more likely to engage with the question (Linnenbrink & Pintrich, 

2003).  

The students perceive that using the strategies has enabled a deeper level of cognitive 

engagement. 

I think it makes a structure to make sure that you focus completely on the question and 
don’t rush into the answer without knowing exactly what you’re going to say, and then 
that’s aligned with the question, what it’s asking. Student B 

I find myself noting in the margin and it links it together a bit more because sometimes the 
endings are quite far reached between the question and the knowledge. It helps my 
thinking, and it helps my focus throughout the question. And I can manage the question 
more easily. Student E 

Both comments allude to the usefulness of the strategies in focusing the students’ thought 

processes and for providing a heuristic to solve the “problem” of the question. Student B’s 

comments point to the idea of engaging in metacognitive monitoring and planning. The 

annotations Student E makes provide an example of how representing the problem can lead to a 
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better understanding of it, enabling links to be drawn between their prior knowledge and the new 

information (Hembree, 1992; Pólya, 1957). The idea about “focus” while answering the question, 

suggests again that such strategies help reduce cognitive load, allowing more cognition around the 

question. By inference, the metacognition of the students has increased as they can reflect on 

which cognitive strategies are proving most useful. 

A major drawback of using the strategies perceived by the students is it requires too much 

time during an assessment. As these are new skills and the process is very detailed, this is not 

entirely surprising. Indeed, one of the positive impacts of the intervention noted above is that it 

has encouraged a closer reading of text than the students would have done otherwise. As the 

students continue to practise these skills and their exposure to questions increases, it is not 

unreasonable to suggest their skills will develop. This will allow them to decipher questions more 

quickly, reducing the time pressure felt during assessments. Barriers may remain, however, that 

need to be addressed before the above happens.  

7.2.3 Perception of teacher modelling 

Students’ perceptions of teacher modelling were generally positive, with a few caveats. 

Students found the modelling process useful at the beginning of the intervention, for the start of a 

topic and for difficult questions, as the model they observed can then be applied to similar 

questions:  

Quite useful because sometimes I might not know how to approach a difficult question 
and it’s helpful to know where to start and how to go about answering it. Student A  

I know how to approach similar questions, so now it breaks it down more so I can answer 
the question. Student D 

I find it sort of helpful the first time…It might be helpful if you’re kind of in a blank state 
that you don’t know how to answer the question, so for a new topic, that’s very useful. 
Student C 

Students felt that the modelling should be phased out and not overused, however,  
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If you do it too often, then you’re kind of forcing the way of thinking onto people. Just 
going through kind of a test, when everyone’s already done this, they know it. It’s 
sometimes not that helpful because you think in different ways. So, you’ve obviously taken 
on board what they explained the first time and then normally people would do it like that, 
but it would be in a slightly different way. Student C 

The statement above is an interesting view on expert thinking, where there is a rejection of the 

thinking of the expert in the effort to try to develop one’s own expert-like thinking (Rosenshine & 

Meister, 1992). While the student takes on board the advice at the outset when they feel very 

inexperienced, this changes after they have attempted and answered the question themselves. 

What is striking is the lack of recognition that the student’s thought process might not lead them 

to an accurate answer, even if they had used the strategies. When probed, student C elaborates to 

the agreement of others in the room: 

Then it’s not a point of you modelling your thinking to me. It might be better if I model my 
thinking to you and then you could say, ‘That’s where your thinking needs to change.’ 
Because otherwise I’m comparing how I thought about it and how you thought about it…. 
So, it’s just those small tweaks, rather than me having to redo my whole kind of thought 
process.  

Here there is a recognition the student’s thought process is developing, using the given strategies. 

There is a desire to have help in developing those thought processes further through feedback, 

rather than through repeated modelling. Student E echoes this thought: 

 I liked it, but I definitely think it was as it approached at the end. Like if I get used to you guys 
going through, like actually I need to read the question. Have a think about it before you go 
through. Otherwise I kind of find myself. Ohh [leaning back], they’re just doing the work for me. 
I'm just listening. That's just cause I've got a short attention span. If I look at the question first, oh, 
actually, how do I do this? And then I'll listen then I'll get ‘well, actually they did that really clever 
thing. They’ll find the links after I tried to.  

The students feel they were ready for the next step in the scaffolding process and identify the need 

to attempt questions themselves before hearing teacher thoughts.  Formative feedback on the 

attempted procedure is desired and is an important part of the scaffolding process (Bohn et al., 

2004; Rosenshine & Meister, 1992). While the scope of this intervention did not include feedback, 

it would make a logical next step in a teaching progression.  
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7.2.4 Conscious teacher planning 

My co-teacher found the intervention practice useful and thought-provoking. He perceived 

his involvement in the project as a way of formalising aspects of his practice that were previously 

less deliberate. He noted that while the intervention is “not an epiphany,” it provided a structure 

for dissecting examination questions as a class, thus making the information more accessible to the 

students. His perception of how implementing the intervention has impacted his teaching mirrors 

many of the perceptions of the students.  

Firstly, he feels he made a more conscious decision about the types of questions he selected when 

modelling his thinking: 

So, before I would just select a variety of different questions, and I couldn’t tell you 
necessarily why I chose them other than they looked good without kind of thinking about 
it more. Now I’m looking for certain types of questions where you can apply the SKLIS ME 
model to it.  

The types of questions he now chooses are those that require data interpretation. While he feels 

he previously tried to model his thinking, he now does this in a much more conscious, structured 

way, similar to what we were expecting of students.  

Like the students, my co-teacher felt that the next step would be to move on from more 

formal scaffolded “I do, we do, you do” to where the students are more flexible in their approach 

and less formulaic and mechanical in the application of the scaffolded strategy instruction. The aim 

would be to get the students to develop a more fluid use of the strategies so “they can apply what 

they know needs to happen, but in different contexts.”  

A last finding from the post-intervention interview with my colleague was that he found 

the process “thought-provoking:” 

What must it be like from the point of view of the students when we give them really hard 
questions that they repeatedly fail on without improvement. Seemed like hard work to get 
any improvement.  
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The perception of both the teacher and the students is that the modelling and the practised 

strategies have provided an access point to questions that could otherwise be dishearteningly 

inaccessible. My observation, with which my co-teacher agrees, is the humbling nature of thinking 

on the spot and making mistakes in front of the students. Our hope is that modelling imperfection 

makes success feel more attainable, thus reassuring the students. As my colleague pointed out, 

there is a message that ‘we all struggle sometimes to make sense of what’s on the page.’  The 

perception is that the strategies have done some work in increasing self-efficacy for the students, 

potentially through vicariously experiencing a teacher’s cognitive struggle (Palmer, 2005). 

8 CONCLUSIONS AND IMPLICATIONS  

8.1 SUMMARY OF FINDINGS 
This research aimed to diagnose and address the underlying mechanism for low attainment when 

responding to higher order questions in my students. In this section, I will summarise the evidence 

found for each of the research questions, followed by a consideration of the implications of my 

findings. 

8.1.1 Barriers for this cohort to answering higher order questions 

Overall, the findings in the diagnostic phase highlighted the barriers my students face when 

answering higher order questions are complex and nuanced. Broadly, attainment was lower on 

questions that required HOTS compared to those that simply required recall, knowledge, or 

understanding. Students particularly struggled with questions that required them to make a 

judgement or suggest a probable cause. The data imply, however, that question type is not the 

only factor influencing question difficulty or student success. 

Difficulty interpreting and understanding the demands of the question was another factor 

found to be an influential barrier to success. Perceptions of question difficulty increased 
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particularly with the inclusion of novel information, such as data. Additionally, the findings 

suggested the students struggled, at times, to understand the complex academic language of the 

question (Snow, 2010). Both the unfamiliar information and complex vocabulary prevented them 

from applying the appropriate heuristic to the problem, especially within the time limits associated 

with assessments (Muijs & Reynolds, 2018; Orton, 2004).  

Thirdly, insufficient depth of domain-specific knowledge, including a lack of biological 

terminology, was found to be a barrier to answering higher order questions in my students. The 

superficial nature of students’ content knowledge affected their ability to differentiate between 

similar concepts. Thus, students found it difficult to select and use appropriate knowledge and 

vocabulary in their responses. While my intervention included a strategy to link existing knowledge 

to the question, it did not propose to address knowledge building directly. Higher order retrieval 

practice might be another avenue to explore in future practice or research to address this 

deficiency (Agarwal, 2019). 

8.1.2 Impact of the Intervention 

The intervention had a positive impact on the confidence of the cohort in responding to more 

challenging questions. The familiarity gained through increased exposure enhanced self-efficacy by 

reducing the stress normally associated with these types of questions. Increased mastery 

experiences and the vicarious experiences provided by think-aloud modelling by the teacher and 

peers also increased self-efficacy.  

The modelled strategies provided a helpful structure for students when approaching more 

challenging questions. Modelling enabled the cognitive and metacognitive strategies to increase 

(Muijs & Bokhove, 2020; Schraw & Dennison, 1994). The strategies also may have supported a 

reduction of cognitive load, as the question was broken down into smaller, more manageable steps 
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(Sweller, 2010). The structure provided by the explicitly taught strategies also helped shift and 

develop the thinking of some students, possibly providing evidence for increased HOTS. 

A lack of discernable impact on the attainment of the cohort suggests that other barriers need 

addressing before cognitive and metacognitive strategies can be developed further. Domain-

specific knowledge is cited by the students as one potential barrier (e.g. Willingham, 2021). Since 

topics are successionally taught and assessed in A-Level Biology, students never have the 

opportunity to reach mastery of the content in lessons before moving on to the next topic. My 

experience is that the school structure and wider educational structure do not enable this. If 

students are to gain more secure content knowledge, they are expected to do so outside of 

lessons. 

8.1.3 Student and Teacher Views 

Both the students and my co-teacher perceived the diagnostic process of using codes to review 

assessment performance as helpful. Several reasons for this emerged. Firstly, the reflective process 

made mistakes feel more manageable. Secondly, the formative feedback was recognised as being 

helpful in shaping future learning. The skills the students gained in evaluating their performance 

and planning ways to address shortfalls increased metacognition. Lastly, there was a perceived 

increase in self-efficacy, potentially linked to increased metacognition, supporting findings from 

Sun et al. (2022). The relationship between self-efficacy and metacognition was not explicitly 

explored in this project, however. 

Students also perceived the cognitive strategies (SKLIS ME) introduced during the intervention 

as useful. The strategies seem to provide a scaffold or heuristic that the students can use when 

faced with an unfamiliar problem. This enables students to find some success, which then leads to 

greater self-efficacy. The potential reduction in cognitive load mentioned above, enabled further 

thinking about other aspects of the question. As their thinking skills continue to develop, using the 
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strategies will become more automatic, and take less time. Lastly, the students indirectly recognise 

their metacognitive skills have improved. Potentially, their learning could be improved further 

through additional explicit instruction of metacognitive strategies (Muijs & Bokhove, 2020).  

Although the teacher think-aloud modelling was perceived as a useful starting point for 

developing the cognitive strategies, the students felt ready for less scaffolding. There was a sense 

some students perceived their thinking skills had developed. They desired formative feedback to 

improve further. My co-teacher agreed the class was ready for the removal of formulaic scaffolding 

to develop more fluid use of the strategies. This is something I plan to incorporate into my 

teaching of this group in the coming academic year. 

8.2 FUTURE IMPLICATIONS 
Several findings from this research project merit further exploration within my practice. Firstly, 

I feel there is enough evidence from the students to support continued use of think-aloud 

modelling, but only when new material is presented. I plan to move the scaffolding process along 

and ask the students to think-aloud to each other more. This will allow me to provide feedback to 

enable further progress (Rosenshine & Meister, 1992). It will be interesting to see if they develop 

more expert-like thinking and a more fluid use of strategies with more time and opportunity for 

practice. 

Secondly, with the lack of a discernable increase in attainment, I am interested in tracking the 

attainment of the cohort over the course of Year 13 to see if there is a delayed impact from the 

intervention. Given the aim of this research was related to low attainment when responding to 

higher order questions in my students, I plan to look closely at cohort attainment in AO2 and AO3 

questions in their external examinations. While there will be too many variables to draw any 
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concrete conclusions from a potential increased attainment in relation to the intervention, I might 

be able to modify my practice further with that evidence.  

Thirdly, the findings also highlighted the importance of promoting both metacognition and 

self-efficacy in the classroom. Further exploration of both, in relation to my practice and in the 

wider school context, feels necessary. Plans are already underway to incorporate more teacher 

modelling into departmental practice following dissemination of my initial findings and the 

advocation of my colleague in a departmental meeting. More needs to be done to deepen 

practitioner understanding of the effect of metacognition and self-efficacy on science 

achievement, to be used in conjunction with the modelling practice.  

While the small-scale nature of this project suggests that only ‘fuzzy generalizations’ can be 

made from these findings (Bassey, 1999), the intervention used is highly adaptable to many 

different settings. The context of my students is unique, but they are not unique in their struggle to 

use HOTS to answer higher order questions. The comments from my colleague in relation to the 

student experience of repeated failure without improvement in more challenging questions could 

be applied to any number of students in a wide variety of contexts. The hope is that the benefits of 

expert teacher modelling, using explicit strategies to approach problems and demonstrating their 

own fallibility, will invite professional discourse as to how the findings can be applied in another 

context (Bassey, 1999). 
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10 APPENDICES 

10.1 APPENDIX A : FULL VERSION OF TABLE 5 
 

 

Question 
type 

Demand of 
question (adapted 
from AQA, 2014) 

Link to revised 
taxonomy using 
action verbs (Das 
et al., 2022) 

Command words included in this category 

Making a 
judgement 
– using 
evidence 

Either making an 
informed 
judgement, judging 
from available 
evidence or 
supporting a case 
with evidence. 
 

Evaluate Is the conclusion correct? Justify 
Assess why 
Consider whether the graph supports a conclusion 
What can you conclude? Use data to justify 
Evaluate conclusion 
Evaluate 
Use information to explain conclusion (put here 
because a judgement would be made about data to 
link to conclusion) 

Suggest  Present a possible 
cause 
 

Not in list Suggest 
Suggest how 
Suggest and explain 
Suggest improvement 
Suggest, use calculation 
Use the data to suggest how 

Explain Give reasons 
 

Comprehension Explain 
Explain how 
Explain why 
Describe and explain 
Explain result 
Explain how and why 

Dealing 
with data 

 Application 
K & C, but with 
data 

Calculate 
Describe relationship (on graph) 
Describe the evidence (data) 
 

Describe Give an account of  
 

Knowledge & 
Comprehension 

Describe 
Describe how 
Describe what 
Give and describe 

Recall  Knowledge, 
except for 
identify, which 
spans knowledge 
and 
comprehension 

Draw  
Draw and identify  
Which 
What 
Give 
Name 
State (use table) 
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10.2 APPENDIX B: QUESTIONNAIRE 
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10.3 APPENDIX C: ADDITIONAL POST-INTERVENTION QUESTIONNAIRE QUESTIONS 
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10.4 APPENDIX D: EXAMPLE OF CODING PROCESS USED IN ANALYSIS OF QUESTIONNAIRE 
What are the reasons you lost marks? Put the biggest reason first. 

Cell mem Imm Eco April Post 

-misreading 
the question, 
wording, 
using all the 
information 
-silly 
mistakes, lack 
of detail/ 
elaboration 
-Not 
understandin
g the 
question - for 
example no.1, 
or last 
question 
-lack of 
knowledge 
from missing 
previous 
questions and 
lack of 
revision 
-overall more 
revision 
needed, a 
lack of 
understandin
g of what the 
questions 
asking, keep 
focused 

-vocabulary, 
understanding 
question, lack of 
detail 
-lack of 
knowledge- it 
would’ve been 
easier to apply 
if i fully knew all 
the types of 
immunity, using 
key vocab and 
not reading the 
question 
properly (after 
reading the 
mark scheme it 
seemed like i 
overcomplicate
d it) it 
- Didn't answer 
the last 2 
questions, 
Didn't redo my 
calculation (i did 
it too 
complicated 
and lost marks) 
- lack of time to 
read question 
and understand 
it 
- 
Understanding, 
maths 

not really knowing the 
content well enough, i 
couldn't completely 
differentiate between 
different subtopics, they 
all interlink and merge in 
my head 
- Not knowing the mark 
scheme caused me to 
lose a high number of 
marks, as well as 
describing investigative 
procedures/investigation
s  
 

-Vocab, 
detail, 
understandin
g of question 
- lack of detail 
due to a lack 
for deeper 
understandin
g and 
continued 
revision in 
application 
questions, 
rushing 
questions 
near the end 
of the paper 
- Lack of 
detail when 
directly 
answering the 
question, Silly 
maths errors 
- lack of 
knowledge 
- silly 
mistakes, 
understandin
g what they 
are asking for 
and using the 
question to 
help guide 
me. 

- didn't use 
specific vocab, 
not enough 
detail/expansio
n of thought , 
understanding 
of topic, lack of 
knowledge, 
graph skills 
- silly mistakes 
and lack of 
detail or 
expansion, also 
vocab and not 
understanding 
the questions 
- Lack of 
knowledge 
- overthinking 
the question 
- keeping focus 
and not losing 
track of the 
question, not 
fully 
understanding 
the questions 

Definitely a 
pattern of not 
understandin
g the Qs here.  
Also – depth 
of knowledge 
– linked to 
detail as well. 

Understanding 
Q 
Depth of 
knowledge 
(detail)/vocab 
Difficult 
calculation 
Timing 

Mostly cited lack of 
knowledge (perhaps 
depth) here. Interesting 
comment about ‘not 
knowing m.s.). Could link 
to practice or knowing 
m.s. for similar types of 
Qs. 
(only 2 students) 

Lack of detail; 
understandin
g Q; 
Knowledge 
and applying 
knowledge. 

Not fully 
understanding 
Q, though not 
always 1st 
reason given. 
Knowledge in 
terms of detail 
and vocab and 
their use. 
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Summary: 

Main things mentioned: Not understanding the Q (what the Q is asking for), Lack of 

knowledge/understanding of the content, lack of detail or use of specific vocabulary when 

answering the Q. By post-inter test – potentially mentioning understanding Q as a barrier lower 

down in the reasons given. 
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10.5 APPENDIX E: GROUP INTERVIEW QUESTIONS 
1. Since participating in the project, you have been thinking about which types of questions 

are most challenging – has that changed at all since the start?  

2. What impacts the difficultly of a question more (the topic, the wording, or the type of Q)? 

3. What have you found useful about reviewing your tests and coding the questions 

afterwards, as we did yesterday? 

4. What have you found less useful about that? 

5. How are you finding the experience of your teachers modelling their thinking when 

answering a question? 

6. What is useful about the strategies (SKLIS ME) you’ve been given? 

7. What is less useful about the SKLIS ME? 

8. Will you keep using the strategies? Why or why not? 

9. How has participating in the study changed how you think about questions and how you 

respond to them? 

10. How confident do you now feel about approaching harder questions, such as ‘Suggest’  

‘Evaluate’, or data interpretation, compared to at the start of the project? 

11. Is there anything else you would like to say about the process you have been involved in? 
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10.6 APPENDIX F: EXAMPLE OF CODING USED FOR INTERVIEW QUESTIONS 
12. Since participating in the project, you have been thinking about which types of questions 

are most challenging – has that changed at all since the start?  

- E: ‘Hard ones have gotten easier now because I know how to approach them, but they are 

definitely still the hard ones.’ Hard ones = interpretation of data, suggest…actually the 

interpretation of data aren’t too bad, but it’s the wordy ones. 

- C: I’m sort of the opposite. It's kind of flipped for me. So at the start of the term, I was felt 

like interpreting data was not that hard in comparison to something like evaluate or 

suggest. But now I think, interpreting data are just the hardest ones. And then the others 

are pretty easy to do when you just approach it in the right way. 

- B: Interpreting data, it's harder than I thought it was going to be. I think it's a bit of a step 

up from GCSE and the recall questions are actually harder than I thought they were going 

to be as well. Yeah, yeah, like that, quite. Like what they’re asking you is - you need to 

refine things down more than I thought you did, I think, at the start. 

- A: Yeah, I mean, like, I think I still find, like, the interpreting data ones, hard. And, like, the 

wordy ones are also quite hard, but, like, they've gotten more, like, manageable, like, from 

all the… ‘How to approach things?’ 

- D: I think the wordy ones are hard for me, it's like I overthink a question and I don't write 

about the question, [laughter] no, OK. I go off topic a bit.’ When probed further about 

overthinking – puts her off because she doesn’t know where to start? Yes. 
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10.7 APPENDIX G: QUESTIONS FROM TEACHER INTERVIEWS 
Pre-intervention 

1. How confident do you think A-Level students are in answering harder questions? 

2. Could you categorise the types of questions students struggle with the most? 

3. How do you deal with these types of difficulties? 

 

Post-intervention 

1. Share data. Do these data align with your thoughts/opinions of what students find 

challenging about answering (harder)questions? 

2. Have you used the post-assessment coding for students to assign a reason to their lack of 

marks before? What are the positives/negatives of that process? How did you find it more 

recently? 

3. How are you finding the intervention practice? 

4. What effect has this practice had on:  

a. Your teaching? 

b. Your students’ success in answering questions? 

c. Your students’ learning? 

5. Is this something you would continue to do in lessons? Why or why not? 

6. How would you suggest this practice be used in the future? Any changes? 

7. Is there anything else you would like to share about your involvement in this process? 
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10.8 APPENDIX H: EXAMPLE OF ANNOTATED QUESTION USED TO MODEL THINK-ALOUD 

STRATEGIES DURING THE INTERVENTION 

 

 




