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Abstract 

This paper describes the neurological and pedagogic principles by which a technology has 

been developed to increase GCSE grades by improving a component of EF in disadvantaged learners. 

The paper has three parts. 

Part One: An outline of the neuroscientific premise for the technology is provided. A 

description of the underlying construct (Cognitive Affective State, CAS) of the component of EF 

being improved is given. Evidence is cited showing the role of CAS on academic learning and in 

describing the contribution it makes to difference in variance between g and GCSE grade. CAS is 

related to the wider context and the neuroscientific literature of affective states and cognition.  

Part Two:  The neuroscientific basis for the Footprints assessment technology  to measure 

CAS is explained. The procedures for use are outlined and data surrounding its use is supplied. 

Evidence of construct validity, reliability and predictive validity is supplied. Research studies 

analysing CAS data from yr 10 studies of students in UK secondary schools is provided. The concept 

of optimal CAS is explained and from that, the relationship between EF, g and CAS is described.  

Part Three:  An application of CAS (Footprints Raising Attainment) to accelerate learning in 

maths, science and English for disadvantaged year 10 students by using non-real time neuro-feedback 

to improve student in-lesson CAS scores is described. The effect sizes of a randomized control study 

of a 10 week intervention on GCSE predicted grades in maths, science and english is described.  

The results support the assertion that cognitive-affective state (CAS) can be altered and 

improved through neuro-ecological feedback. Metacognitive ‘signposts’, supported by a coaching 

process, increase the ability of students to self regulate and to choose a more optimal thinking strategy 

for each specific subject lesson. 

The effect sizes of the intervention on GCSE predicted grades in maths, science and English 

is described. Over a ten week intervention, a 0.29 effect size on predicted GCSE grades was 

attributable to changes in cognitive-affective state obtained as measured pre and post intervention. 

Comparison between intervention and control groups over the 10 week randomized control study 

showed an affect size on predicted GCSE maths grades in the intervention group of 0.21 compared to 

the control group. English and Science predicted GCSE grades also showed an improvement. 
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Part One:  

Explaining variances between measures or intelligence and GCSE grades 

 

When wider individual, environmental and pedagogic factors are controlled for, unexplained 

variances between measures of general intelligence (g) and GCSE grade remain (Furnham, Monsen 

2009; Neisser et al. 1996). Broadly, these variances may be attributed to executive function (EF), a 

broader construct of neural cognition that incorporates ecological as well as affective, social and 

personality components (Burgess et al. 2006).  

The construct of Executive function (EF) has been proposed to describe the relationship 

between g and the cognitive ability required to deal with in situ problems when handling novel 

situations (Banich 2009).  EF is a generalised construct that sits over a range of elements that relate to 

the effective handling of novel situations (Miyake et al. 2000). These include events that involve 

planning or decision making; that involve error correction or troubleshooting; situations where 

responses are not well-rehearsed or contain novel sequences of actions; dangerous or technically 

difficult situations; situations that require the overcoming of a strong habitual response or resisting 

temptation. Growing evidence supports the conceptualisation that EF is a neurologically overlapping 

but distinct construct from g (Barbey et al. 2012; Brydges et al. 2012; Blair 2006; Bull, Scerif 2001; 

Burgess et al. 2006; Carlson et al. 2002; Crinella, Yu 1999; Lehto et al. 2003; Friedman et al. 2006; 

Gray et al. 2003; Blair 2006; Conway et al. 2003). 

General intelligence tests internationally show a strong correlation with academic 

achievement (Barber 2005). Other environmental factors which determine variance between 

intelligence tests and GCSE grades include socio-economic factors; family and domestic situation; 

life situations; quality of educational support; physical and mental health.  

 In a recent study Walker (2014 c.) many of these wider factors are controlled for. The cohort 

studied was a group of 60 yr 10 students from one school all of whom are eligible for free school 

meals. They represented a group from a similar socio-economic context and received the same 

educational resource and teaching from the school. Increased correlation of CAT score on predicted 

GCSE grade  proved to be greater (0.89) than non-controlled CAT correlation with GCSE grade 

(average 0.65, GL Assessments 2012), indicating that wider variables had been controlled for. 

 However outstanding variance between CAT scores and GCSE still remained. Walker (2014) 

claimed statistical evidence that a significant proportion (70%) of this remaining variance, which 

could not be attributed to CAT, was explained by a factor which he called Cognitive-Affective State 

(CAS) as measured by a technology called the Footprints assessment. He also showed that optimal 

CAS as measured correlates with a measure of general intelligence, g, as measured by the CAT2 test 

in a small cohort study. 

 

Cognitive-Affective State (CAS) 

CAS can be conceptualised as representing the internal-external cognitive/affective interaction 

between the learner and their environment. A schema can describe the postulated relationship between 

CAS, g,  the internal learning processes of the learner (their cognitive-affective state) and the external 

learning environment (i.e. the context in which the learner is engaging in the subject) (Figure 1.)  

The function of CAS, then, is construed as an internal-external cognitive-affective tuning system 

by which the individual shifts, regulates and directs attention and behaviour toward their environment. 

Walker (2002, 2009, 2014 c.) asserts, in his Human Ecology Theory, that  seven orthogonal and 

independent factors are necessary but not exhaustive in describing the CAS of the leaner as she 

engages with her immediate learning environment. The seven factors can be described as: 
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1. Trust of my self- how much I trust my own ideas, qualities and opinions in this lesson 

2. Trust of others- how much I trust others’ ideas, qualities and opinions in this lesson 

3. Pace- how much pace, risk and change I like in this lesson 

4. Disclosure- how willing am I share to share ideas, opinions and questions in this lesson 

5. Perspective- whether I see things from a detached or personal perspective in this lesson 

6. Processing- whether I focus on making connections or following step by step in this lesson 

7. Planning- whether I focus on the learning outcome or am open ended in this lesson 

 

Walker (2009) claimed that three of the seven factors (factors 5,6 and 7) contribute to the learning 

state of a student when engaged in their learning environment. He has subsequently claimed that the 

other four factors (1,2,3,4) also contribute to an individual’s learning state (Walker 2014 c.). 

Cumulatively, the seven factors represent both the cognitive (5,6,7) and affective (1,2,3,4) 

components of learner-environment state. He refers to these as a model of Cognitive-Affective State 

or CAS.  

 

CAS and Executive Function 

Walker conceptualises CAS as an ecological subset of Executive Function (EF), which is responsible 

for guiding the cognitive-affective engagement of the learner to their environment (Walker 2014 c., 

2014 d.). CAS is responsible for the action of the learner, their agency toward the environment which 

can be seen as an embodied rather that merely cerebral posture (Figure 1.), a unifying train and state 

model of cognition also proposed by others (Hudlicka, 2002). 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 1. A postulated schema for the relationship between g, EF and CAS in guiding the 

cognitive-affective engagement of the learner to their environment 

 

Models of the neural architecture of cognitive and the affective processes of the brain are highly 

contested. Generally, a bias toward models of cognition proposed as organising and directing 

subordinate ore primitive affect responses of the brain has prevailed (Panksepp 2003). Some authors 

contest this bias. Lane, Nadal et al. point out that  

“what distinguishes emotion from cognition may be its ‘embodiment,’ in that the autonomic, 

neuroendocrine, and musculo-skeletal concomitants of emotional responses distinguish them 

from cognitive processes” ((2000, p7). 
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Other authors affirm this epistemological limitation (Crites et al. 1994). I propose a unifying construct 

of cognitive-affective state (CAS)  as an emergent property of the neural processes of cognition rather 

than claiming a structural description of  distinct neural architectures for affect and cognition. 

Part Two:  

Measuring CAS through mental simulation using the  Footprints Assessment technology 

Walker (2013 a.) developed the Footprints technology to assess a model of cognitive-affective state 

(CAS) that a student adopts when engaging in their learning environment based upon the seven factor 

model. He has validated the assessment technology for reliability, construct and predictive validity 

(Walker 2014 a.) against the seven factor model. He called this the Footprints assessment.  

The Footprints assessment simulates the interaction of the learner with their learning 

environment through an online assessment process. Candidates imagine themselves performing in the 

learning activities of their class.  

Studies show the region of the brain activated by imagining an activity is the same as that 

when remembering having performing that activity  (Schacter et al., 2007; Garry, Polaschek 2000).  

Neurological studies show that the brain projects forward a method of self-operation prior to then 

enacting that projected sequence (Schacter et al. 2007). One neural model of cognition proposes that 

cognition requires the ability to anticipate and organise mental operations in order to fulfil a sequence 

of mental activities effectively (Stein, 1994). In this way the brain’s capacity to imagine serves as a 

guide or route map directing action. A faulty route map will lead to faulty action and, in this case, 

unsuccessful learning (Schacter 2012). Imagined cognitive self-operation will have a direct influence 

on successful or unsuccessful mental operation in actual tasks, and therefore, in an educative context, 

on academic performance. Recently, data has lead to a new understanding  that the regions of the 

brain that structure memory and imagination are involved in the construction of our affective, 

empathic responses to our environment (Gaesser 2012). 

The Footprints technology exploits this association of cognition and affect to guide 

prospective actions by simulating the cognitive-affective state.  The  assessment requires candidates to 

complete an online computer-based imagination exercise to imagine, in turn, a particular learning 

context taking place within her mentally imagined world; for example, her maths lesson..  

The chosen learning context is one which the candidate experiences in reality within school. 

For example, if she is in maths set one in school, then in the Footprints imagination exercise, she 

imagines maths set one as the learning context within her mental space. The candidate is cued up by 

verbal instructions to imagine how her space might be changed by each of the learning context taking 

place within her space and how her activity and response might change.  

By this method, the Footprints assessments obtain four comparative sets of data about each 

candidate; their instinctive (or out of lesson) cognitive-affective state as baseline and then their 

comparative cognitive-affective state when participating in three specific learning contexts of maths, 

science and english. CAS is the measured adjustment of a student’s cognitive-affective state when 

participating across the three learning contexts.  
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Figure Two. Schema of  CAS scores for Student A from Footprints assessments for Maths, 

English and Science 

CAS Ranking 

CAS Ranking scores can be derived from Footprints CAS scores. CAS Ranking scores capture the 

patterns of adjustment in CAS made by individual learners when engaging in different subject lessons. 

Walker showed that different subject lessons required different student CAS scores for optimal 

performance (Walker, 2013; 2014 c.).  For example, english required a higher score for the factor of 

‘personal’ processing to be optimal. By contrast, maths and science required higher ‘detached’ factor 

scores. Maths and science required a lower score for ‘trust of self’ factor to be optimal, whilst English 

required higher scores for the same factor. 

A student’s overall CAS Rank for maths, science and English is generated by  ranking her 

scores against these already-validated optimal patterns for each different subject of maths, science and 

english to give the CAS Ranking scores (Figure 2).  

 

 
 

Figure Three. Schema of  Combined CAS RANK generated from CAS Rank scores for Student 

A from Footprints assessments for Maths, English and Science 

 

Walker (2014 c.) claims CAS Rank and CAT are measuring overlapping but different factors that are 

involved in the prediction of academic achievement. Walker shows that optimal CAS correlates 

moderately (0.39) with a measure of general intelligence, g, as measured by the CAT2 test in a small 

cohort study, and strongly with predicted grade (0.6). 

 Factor analysis shows that CAS Rank explains a 70% of variance of grade prediction that 

cannot be explained by CAT scores (Walker 2014 c.). Whilst CAS Rank contributes to CAT score, 

factor loading shows that CAT score does appear to not contribute significantly to the distinctive 

factor of CAS Rank. 
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CAS neural feedback loop 

CAS is a dynamic cognitive-affective state which is potentiated to respond to the external 

environment.  Shifts in CAS represent changes in cognitive-affective state as the learner engages in 

different learning environments (Walker 2014 d.). From this we can extend our schema to incorporate 

the sensory feedback loop which must exist between CAS and the external environment (Figures 

Four). 

 

 

 

 

 

 

 

  

 

 

 

 

Figure Four. Schema of postulated feedback loop between CAS, g and the external environment  

 

Sensory data from the external environment is detected by the learner. This is processed, we propose 

via g, a non-ecological construct of intelligence, via an interaction with the ecological function of 

CAS, in order for the learner to respond to the learning environment. Therefore, in response to the 

data from g, the state of CAS may alter in order for the learner to adjust to the cognitive-affective 

requirement of the learning environment which has been detected.  

 

Optimal CAS 

From this data, and from previous studies (2013,2014 a., 2014 b.) Walker develops the concept of 

optimal CAS. Optimal CAS is the cognitive-affective state of CAS which is optimally attuned or 

adjusted to the environmental learning task. We can conceive of Optimal/ Sub-optimal CAS as 

follows: 

Optimal CAS is the cognitive-affective state of CAS which is optimally attuned or adjusted 

to the environmental task. 

Sub-optimal CAS is contrasted with sub-optimal CAS, in which the cognitive-affective state 

of CAS is non-optimally attuned to the environmental learning task (Figures Five and Six)  

Whilst optimal CAS correlates with high grade prediction, sub-optimal CAS correlates with low grade 

prediction. G remains the dominant predictor of the ability of the learner to learn from their 

environment but optimal / sub-optimal CAS has a secondary impact on academic performance which 

sits over the top of g. 
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Figure Five. Optimal CAS is a cognitive-affective state in which CAS is adjusted, or attuned, to 

fit the demands on the learning environment at hand.  

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure Six. Sub-optimal CAS is a cognitive-affective state in which CAS is maladjusted, or mis-

attuned, to the demands on the learning environment at hand.  
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Part Three:  

Footprints Raising Attainment- Applying CAS to real-world teaching and learning 

through explicit metacognitive signposts 

Footprints Raising Attainment is a specific application of this CAS technology developed to improve  

CAS in year 10 students through precise, student-specific metacognitive signposts and improved 

pupil-teacher feedback.  
 Improving metacognition has been shown to have a highly positive impact on academic 

progress (Hattie 2009,). By establishing clear, explicit metacognitive signposts for individual students 

on how and when to adopt the optimal CAS  in different curriculum lessons and specific learning 

activities, one might predict that learners would be better able to adjust CAS to the environmental 

learning task through the feedback loop (Figure six.).  Such a strategy has the potential to provide 

personalised and precise support  to learners who are currently adopting sub-optimal CAS in their 

maths, science and English lessons.  

 

 
 

Figure Six. A possible strategy for improving CAS using explicit metacognitive signposts to 

direct the learner in engaging optimally in the learning environment. 

Improved declarative and conditional metacognitive ability is regarded as closely related to the (EF) 

(Halloran 2011; Miyake et al. 2000; Fernandez-Duque et al. 2000; Hofmann et al. 2012). It has also 

been shown to correlate strongly with improved academic performance (Halloran 2011; Hattie 2009; 

Education Endowment Fund 2013). Miyake and Friedman describe EF as composed of the functions 

of updating, inhibition, and shifting (Miyake et al. 2000) each of which relates to the capacity to adapt 

one’s cognition to the task in hand. Updating is defined as the continuous monitoring and quick 

addition or deletion of contents within one’s working memory. Inhibition is one’s capacity to 

supersede responses that are prepotent in a given situation. Shifting is one’s cognitive flexibility to 

switch between different tasks or mental states. 

Bull and Scerif have identified that inhibition and shifting are predictors of children’s 

mathematical ability (Bull, Scerif 2001). Studies on mental state switching have shown that 

processing speed is slowed when learners are required to switch from one mental task to another. This 

suggests that mental states required for mental activities may exists in a state of neural inertia or 

require a costly switch to be thrown to be activated (Derakshan 2010; Mayr, Keele 2001; Monsell 

2003). Walker (Walker 2014 c.) cites evidence that secondary school students who show emotional 

independence / autonomy in their thinking correlate with higher academic performance, supporting 

the idea that cleaner cognitive transitions are a factor in effective learning. This finding supports that 

of St Clair-Thompson etc al. (2006). 



 
Centre for Human Ecology Theory        9 

 
 

If shifting cognitive state involves emotional work, then reducing anxiety and uncertainty by 

increasing pedagogic clarity and guidance about when and how to use the optimal CAS, should 

reduce the cognitive load upon the learner.  

 

A CAS-activated environment can improve learning by improving teacher-student dialogue 

Walker shows evidence that (2014 b.) that school environment can have an activating or deactivating 

impact on the CAS of learners.  Creating a CAS-activated teaching environment through empowering 

students to have better quality, more precise conversations with their teachers about their 

metacognitive goals should improve CAS Rank scores.    

Smith and Jostman et al. (2008) provide interesting evidence that the perception of power a 

person holds relative to others around them increases aspects of their executive function (EF). By 

contrast, a perception of a lack of power inhibits or decreases the EF capacity of an individual. By 

empowering students with greater literacy and agency to understand, articulate and act upon their own 

personal metacognitive goals, we anticipate that EF should also be improved. An earlier study by 

Walker (2013 a.) suggested that the Footprints technology helped to overcome social stigma that 

prevent students accessing teacher-help at school, and consequently, improved student engagement. 

 

Method 

This technology was tested through a ten week randomized control study of 60 year 10 students at a 

UK secondary school. All students were eligible for Pupil Premium (Free School Meal) provision. 

Thirty pairs of equivalent students (paired on gender, age, and CAT score) were assigned to either an 

intervention group (Group 1) or to a control group (Group 2).  

Students in both Groups 1 and 2 completed a baseline Footprints RA assessment to analyse 

their instinctive thinking strategies across each of the seven thinking factor, as well as their thinking 

strategies in their Maths, English or Science lessons.  

Student data for Group 1 was used to populate two concurrent reports; a student report and a 

teacherôs report. The student report visually ranked a student’s thinking strategies against optimal 

thinking strategies for each subject lesson and identifies those thinking strategies which a student 

could employ in order to optimise their learning (Figure 8). A teacher report enabled a student’s 

subject teacher to see the thinking strategy that each student in Group 1 was currently using in their 

lesson, and how this compared with their baseline thinking strategy. 

A coaching methodology underpinned the intervention. A two hour training session equiped 

self selected teachers as Footprint coaches. They were each assigned a maximum of two coaches who 

they committed to meet with for ten sessions of ten minutes, once/week. The role of the coach was 

use the Footprints report to identify those thinking factors which were limiting their coachee’s 

progress in a lesson, and to support their coachee in identifying a concrete, observable thinking 

strategy which they would set as a target to employ in that particular lesson over the coming week 

(Figure 9). 

Students shared their self selected thinking strategy target with their teacher at the start of a 

lesson so the teacher could put in place intentional opportunities for the student to employ the 

thinking strategy where possible. At the end of the lesson, both teacher and student assessed the 

impact the thinking strategy had had. Students discussed their experience of employing a new 

thinking strategy with their coach at the start of the following coaching 1-1 session, before selecting a 

new target to focus on. 

At the end of the ten week 1-1 coaching intervention students repeated the online Footprints 

assessments to analyse changes in their thinking strategies adopted in Maths, Science and English 

lessons. Pre-, during- and post-intervention predicted GCSE grades were used to assess intervention 

impact on academic progress. 
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Teachers receive a report comparing how each student on the programme is moving from 

their instinctive CAS score to the lesson-specific CAS in their lesson. This is compared to the 

OPTIMAL CAS score for each of the seven factors.  

 

Figure 

Eight . The annotated teacher class report for the óDisclosureô factor  

 

 

 

 

 

  

Figure Nine.   Students work through their Footprints reports to identify and implement the in-

class strategies to move red zone thinking states towards green (optimal) thinking states, with 

the support of their teacher 
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Results 
 

Effect Size between Grade change and CAS change  in individual subjects 

Scores for the pre- and post-intervention change in an individual’s subject-specific CAS score for 

Group 1  were measured. Positive or negative changes compared to optimal CAS were calculated and 

ranked. Changes in predicted GCSE grade were also measured pre- and post-intervention. A 

Pearson’s r correlation was performed on the data to test for the effect size of changes in CAS to 

predicted GCSE grade.  The value of R is 0.2906 showing there is a moderate effect size (correlation) 

between changes in a student’s subject-specific CAS score and changes in predicted GCSE grade in 

that subject. 

 

Subject CAS 

change 

Grade 

change 

English 0 0 

Maths -2 -1 

Science -2 -1 

Maths 6 0 

English -2 0 

Science 6 -1 

Maths 0 0 

Science -3 0 

English 4 0 

English -4 -1 

Maths 4 -1 

English 2 1 

Maths -3 -1 

Science -4 -3 

English 5 0 

Maths -2 0 

Science -6 0 

English 4 1 

Science -5 -2 

Maths -3 0 

English 3 0 

Science 0 0 

Maths 0 1 

English 3 -1 

Maths 0 0 

Science 2 1 

Maths 0 1 

English 4 0 

Science -2 0 

English 1 0 

Maths 1 0 

Science 0 -2 

English -3 0 

Maths 2 -1 

Science 0 1 

English 5 1 

Science -2 -1 

Maths 0 0 

English -1 1 

Maths -4 0 

Science 0 -1 

 

Figure 10 Changes in Group 1 individual student subject-specific CAS scores and predicted 

GCSE grades pre- and post-intervention. 
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A Pearson’s r correlation supported the research hypothesis that changes in a student’s subject-

specific CAS score would have an effect on predicted GCSE grade in that subject, r = 0.291 showing 

there is a moderate effect size, or correlation, between changes in CAS score and predicted grade 

change.  

Pearson’s r details & calculation 

X Values 

∑ = 4 

Mean = 0.098 

∑(X - Mx)
2
 = SSx = 387.61 

Y Values 

∑ = -9 

Mean = -0.22 

∑(Y - My)
2
 = SSy = 33.024 

X and Y Combined 

N = 41 

∑(X - Mx)(Y - My) = 32.878 

R Calculation 

r = ∑((X - My)(Y - Mx)) / √((SSx)(SSy)) 

r = 32.878 / √((387.61)(33.024)) = 0.2906 

Meta Numerics (cross-check) 

 

r = 0.2906 

Key 

X: X Values 

Y: Y Values 

Mx: Mean of X Values 

My: Mean of Y Values 

X - Mx & Y - My: Deviation scores 

(X - Mx)
2
 & (Y - My)

2
: Deviation Squared 

(X - Mx)(Y - My): Product of Deviation 

Scores 

 

 

A regression analysis was also performed to confirm the relationship between CAS change and predicted 

GCSE grade change.  F (1,39) =3.597, significance F = 0.065. Despite the small sample size which will 

diminish the significance of relationship when measured by regression, the slope is significantly non-

zero, indicating that there is probably a relationship between CAS change and GCSE grade change. 

 

Multiple R 

0.290597 

R Square 0.084447 

       Adjusted R 

Square 0.060971 

       
Standard Error 3.016525 

       
Observations 41 

       
  df SS MS F Sig F 

   
Regression 1 32.73236 32.73236 3.597191 0.065302 

   
Residual 39 354.8774 9.099421 

     
Total 40 387.6098       

   

  Coefficients 

Standard 

Error t Stat P-value Lower 95% 

Upper 

95% 

Lower 

95.0% 

Upper 

95.0% 

Intercept 0.3161 0.484989 0.651769 0.518373 -0.66488 1.297083 -0.66488 1.297083 

X Variable 1 0.995569 0.524916 1.896626 0.065302 -0.06617 2.057311 -0.06617 2.057311 

 
 
The correlation of 0.29 between the change in Group 1 students’ CAS scores (as measured at the 

beginning and then end of term) and the change in predicted GCSE grade can be expressed this way: 

an improvement in CAS resulted in a 21% of students improving their predicted GCSE grade.  

Figure 11 shows the relationship between CAS change and predicted grade change visually. It 

suggests that declines in CAS are more closely correlated with declines in predicted grade than 

increases in CAS correlated with increases in predicted grade. It is unclear why improvements in CAS 

would not correlate as closely with increases in predicted grade. One possible explanation is that there 
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is a time lag and that improvements in predicted grade will be seen in the coming weeks and months. 

A second stage of the experimental process, discussed later, will allow us to indentify if this is the 

case. 

 

 
Figure 11 Change in CAS score (as represented by Footprints change) plotted against 

corresponding predicted GCSE grade change by student.  
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Impact of Intervention on predicted GCSE grades in maths, science and english 
 
Results of the 10 week coaching intervention indicate that Group 1 has shown an improvement in 

predicted GCSE grade across maths, science and english compared to Group 2. Maths showed the 

strongest improvement (effect size d = 0.21) and science showing the weakest improvement (effect 

size d = 0.05), with English showing a small effect size of 0.1.  

In percentage terms, 15% more students improved their predicted GCSE grade in maths 

through the intervention compared to those who did not receive it; 7% more students improved in 

English. After 10 weeks, no improvement was seen in science predicted grades  

Within the total of 132 maths, science and english grade assessments undertaken of Group 1 

students, 28 showed an increase and 31 a decrease. In Group 2, 30 showed an increase and 56 a 

decrease. Overall, Group 2 saw twice the decline in predicted grades that Group 1 saw (Figs 12-14) 

 

 
 

Figure 12 Within the total of 46  SCIENCE grade assessments, in Group 1, 9 showed an 

increase and 16 a decrease. In group 2, 13 showed an increase and 18 a decrease. 

 

 
 

Figure 13 Within the total of 46 MATHS grade assessments, in Group 1, 11 showed an increase 

and 9 a decrease. In group 2, 8 showed an increase and 19 a decrease. 

 

 
 

Figure 14 Within the total of 46 ENGLISH grade assessments, in Group 1, 8 showed an increase 

and 6 a decrease. In Group 2, 6 showed an increase and 7 a decrease. 
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Changes in grade Ranking between intervention and control groups  

Students were given a predicted Grade Rank for their predicted grade in Maths, Science and English. 

This was used to construct a chart (Figure 15) to show changes in grade ranking/student/subject.  
 

Predicted GCSE grade Ranking score 
A  1 

B 2 

C 3 

D 4 

E,F,G 5 

 
 

Group 1 (intervention) Grade Ranks n= 22 
Post-intervention 

 
Mid-intervention 

 
Pre intervention  

English Maths Science   English 
 

Maths 
 

Science 
 

  English 
Current 
Grade 

Maths 
Current 
Grade 

Science 
Current 
Grade 

3 1 0   3 1 2   3 0 3 
3 2 0   3 2 3   4 0 3 
4 3 4   4 3 4   4 3 3 
5 3 2   5 4 4   5 4 4 
5 5 4   5 5 4   4 5 3 
4 3 1   4 3 3   4 2 3 
5 5 4   5 5 4   5 5 4 
4 5 3   4 5 4   4 5 4 
4 5 4   4 5 4   4 5 4 
2 3 1   4 4 2   3 4 4 
5 4 1   5 4 4   4 5 4 
4 5 4   4 5 4   4 5 4 
4 4 1   3 4 3   3 4 4 
5 5 4   5 5 4   5 5 4 
5 6 5   5 6 4   6 6 4 
3 3 3   3 3 3   3 1 3 
4 5 6   4 6 6   4 5 5 
3 4 3   3 4 3   4 4 4 
4 5 4   4 5 4   4 5 4 
3 2 1   3 4 4   3 3 5 
3 3 1   3 3 3   3 4 3 
4 4 4   4 5 4   4 5 3 

 

Group 1 13 21  15 10 

TOTAL 28 31 
  

Group 2 (control) Grade ranks  n =23 
4 5 3   4 5 4   4 5 4 
4 4 3   4 5 3   4 4 4 
4 4 3   4 4 3   4 5 4 
5 6 6   5 6 6   5 6 5 
3 3 1   3 3 3   3 1 3 
5 4 4   5 5 4   4 5 4 
4 4 1   4 4 3   4 4 4 
4 4 4   4 4 4   4 4 3 
5 2 4   5 4 4   5 4 2 
4 4 4   4 4 4   3 4 3 
4 4 3   4 4 3   4 5 4 
3 2 3   3 4 4   4 4 4 
1 4 3   1 4 3   5 5 2 
4 2 4   4 3 4   4 1 4 
4 2 3   4 3 2   4 1 3 
4 1 3   4 4 3   4 4 4 
4 1 0   4 3 3   4 3 4 
5 6 6   4 6 6   4 5 6 
3 3 4   3 3 4   4 4 2 
4 4 4   4 4 3   4 4 4 
6 6 6   6 6 6   6 6 6 
4 5 4   4 5 4   4 6 4 
4 2 1   4 3 4   3 1 4 

 

Group 2 13 26  15 16 

TOTAL 28 42 
 

Figure 15 Comparative tables for Groups 1and 2 showing  pre-, mid- and post-intervention 

GCSE grades. Red indicates grade decrease from pre-intervention ; green indicates grade 

increase from pre-intervention. 
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Figures 16 and 17 represent changes in grade between Group 1 and 2 mid- and post-intervention. Pre- 

to mid –intervention took place in the first half of term; mid- to post-intervention took place in the 

second half of term. Second half of term predicted grade changes for Group 1 vs Group 2 students 

showed a global effect which caused a decline in predicted grades in both Group 1 and Group 2, 

particularly in maths. This is likely to have been caused by an ecological effect, possibly changes in 

topic creating differences of difficulty. 

 

 Figure 16 Pre-intervention to mid-intervention predicted grade changes for Group 1 v Group 2  
 

 

Figure 17 Mid-intervention to post-intervention predicted grade changes for Group 1 v Group 2 

A Pearson’s r correlation supported the research hypothesis that changes in a student’s subject-

specific CAS score through 1:1 coaching would have an effect on predicted GCSE grade in that 

subject, r = 0.21 showing there is a moderate effect size between the intervention and predicted grade 

change in maths. In English r = 0.11 and in science r = 0.06 

Pearson’s r details & calculation 
X Values 

∑ = -8 

Mean = -0.178 

∑(X - Mx)
2
 = SSx = 48.578 

Y Values 

∑ = 68 

Mean = 1.511 

∑(Y - My)
2
 = SSy = 11.244 

X and Y Combined 

N = 45 

∑(X - Mx)(Y - My) = -4.911 

R Calculation 

r = ∑((X - My)(Y - Mx)) / √((SSx)(SSy)) 

r = -4.911 / √((48.578)(11.244)) = -0.2101 

Meta Numerics (cross-check) 

r = -0.2101 

Key 

X: X Values 

Y: Y Values 

Mx: Mean of X Values 

My: Mean of Y Values 

X - Mx & Y - My: Deviation scores 

(X - Mx)
2
 & (Y - My)

2
: Deviation Squared 

(X - Mx)(Y - My): Product of Deviation 

Scores 
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 Effect of the Raising Attainment Coaching Programme on CAS 
 

Overall CAS rank scores across all three subjects increased in six students, decreased in five and 

remained unchanged in two. This suggests that the coaching programme was not as effective as it 

could have been in supporting students improving their CAS scores.  

This conclusion is supported by the evidence that the effect size on predicted grades of 

changes in CAS score were higher (d= 0.29) than the effect size of the intervention (d= 0.21 for 

maths); the difference between the two effect sizes is accounted for by the fact that declines in CAS 

correlated with declines in grade prediction. The intervention resulted in some declines in CAS and 

grade prediction which, whilst correlated with each other, undermined the positive effect size of the 

intervention in improving predicted GCSE grades. If coaching had universally improved student CAS 

scores, then predicted grades would have improved correspondingly given the correlation of 0.29 

between the two. 

CAS scores improved most in English (ten students improved their CAS score for english) 

and maths (five students improved CAS score for maths, whilst five remained unchanged). CAS 

scores improved least for science, with two students showing an improvement, five remaining 

unchanged and six decreasing) (Figure 16). 

 

 

 
 

Figure 16 The number of students (Y axis) whose CAS scores in Group 1 improved most 

noticeably was in english and least in science.  
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Discussion 

Hattie (2009) asserts in his meta-analysis that 15% of the any intervention effect size can be attributed 

to normal child maturation. In other words, without any intervention, a child would have grown and 

therefore improved their academic outcomes over the same period of time. In this study, we discount 

this maturation affect through the brevity of the intervention, 10 weeks. In addition, the randomised 

control design of this study allows us to control for any maturation effects and for standard teaching 

effects. We believe that this allows us to see the effect size as attributable to the intervention rather 

than to maturation or teaching effect.   

 

Non-real time personalised neuro-feedback through Footprints can accelerate learning  

Student in-lesson cognitive-affective state (CAS), measured using the Footprints technology, 

represents neuro-ecological data on how the student is currently engaging in their learning in each 

specific lesson. These results support the assertion that cognitive-affective state (CAS) can be altered 

and improved through coaching through neuro-ecological feedback. Metacognitive ‘signposts’, 

supported by a coaching process,  increase the ability of students to self regulate and to choose a more 

optimal thinking strategy for each specific subject lesson. This conclusion is evidenced by the fact 

that improved/deteriorated CAS scores shows an effect size of d= 0.29 on academic learning as 

measured by improvements in predicted GCSE grades.   

The study supports the proposal that Footprints Raising Attainment provides a workable 

methodology of non-real time (as opposed to real-time) personalised neuro-feedback. Real-time 

neuro-feedback is beginning to become a technological possibility (Pasquinelli 2011). Some methods 

of assessing simple brain-state data have been developed and trialled in limited learning contexts 

(Weiskopf 2012). Proponents cite evidence that it may be possible to modulate brain-state to through 

real-time neural stimulation (Enriquez-Geppert et al. 2014). Educational applications have been 

trialled exclusively in students or adults rather than in children, in the context of improving creativity 

and attention for musical learning. The brain-state changes that are modulated are related to states 

thought to be important in the mental tasks of creativity (Gruzelier 2013). 

Whilst real-time neuro-feedback is a technical possibility for improving brain state in school 

lessons, there are many practical and ethical difficulties to this (Education Endowment Fund 2014; 

Deisinger 2010).  In addition, whilst there might be neural benefits, it is possible that the application 

of the technology would cause a deterioration of other factors known to be important in school 

learning. For example, Hattie’s meta-study (Hattie 2009) identifies that improving the quality of 

teacher-student feedback ranks is the most significant determinant in accelerating learning. Muffling 

or obstructing teacher-pupil dialogue through head-gear or other signals may confound any benefit 

gained. Whilst these obstacles might be able to be overcome, it is not clear why, if metacognitive 

skills are critical for empowering learner’s self efficacy, a technique which alters the state of the 

learner’s brain without their active control would be of benefit. 

Non-real time neuro-feedback, such as Footprints Raising Attainment feedback, overcomes 

these obstacles by locating the student’s engagement with the feedback outside the lesson. It can  be 

used to improve the precision and quality of teacher-student dialogue rather than compete with it. We 

would suggest that applications of neuro-feedback should be assessed alongside the known variables 

of accelerating learning; engaging the leaner’s own understanding and agency of their cognitive state 

will be essential for any long-term successful educative neuro-feedback strategy.  

Non-real time neuro-feedback relies upon the assumption that the measured mental state of 

the learner assessed will be maintained when the learner returns to the classroom environment.  If it 

changes in real-time, then the non-real time feedback will be of no use. Whilst there is neuro-feedback 

that is properly assessing real-time brain state data, CAS is a measure of a sustained state which 

correlates with a students’ longer term academic predictions. Walker’s studies of CAS (Walker, 2013; 
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Walker 2014 c) show that CAS not a transitory state but a committed mental orientation which 

informs and determines the cognitive engagement of the learner in their lessons unless consciously 

and explicitly adjusted. As such, CAS offers a promising construct by which a genuine insight into an 

influential and habituated neuro-ecological state of the learner’s brain when engaged in a specific 

learning environment, can be modelled. 

 

Footprints Raising Attainment challenges personalisation 

This approach to personalisation is in contrast to approaches in which teachers seek to adjust their 

teaching style or mode to the personalised learning needs of their students. Evidence for the academic 

benefit of typical personalisation strategies is ambiguous (Education Endowment Fund 2014). 

Personalisation would seem to run counter to the wider evidence that improving self-efficacy is 

central to accelerating learning. If personalised approaches to teaching involve the teacher modifying 

her approach to fit to a perceived preference or learning style of the learner then there is no clear 

student self-efficacy enhancement goal. Some have argued that this in fact reduced or inhibits self 

efficacy development amongst students (McCarty et al. 1991). 

 By contrast, a personalised neuro-feedback approach, such as Footprints Raising Attainment, 

which involves students gaining a greater literacy in, awareness of and responsibility for shifting their 

own cognitive-affective state and behaviours towards an optimal state, at the right time in their 

lessons has a clear self-efficacy goal (Ainley 2006; Boström, Lassen 2006) 

Footprints Raising Attainment offers an approach to personalisation which may be effective 

because it provides the student and their teacher with precise shared metacognitive language, 

direction, ownership and responsibility.  
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Conclusions 

This paper describes the neurological and pedagogic principles by which a technology has been 

developed to assess and then narrow the gap between g and GCSE grades by improving a component 

of EF in learners. 

A description of the underlying construct (Cognitive Affective State, CAS) of the component 

of EF being improved is given. Evidence is cited showing the role of CAS on academic learning and 

in describing the contribution it makes to variance between g and GCSE grade. The concept of 

optimal CAS is explained and from that, the relationship between EF, g and CAS is described. The 

neuroscientific basis for the Footprints assessment technology to measure CAS is explained.  

An application of CAS (Footprints Raising Attainment) to accelerate learning in maths, 

science and English for disadvantaged year 10 students by using non-real time neuro-feedback to 

improve student in-lesson CAS scores is described. The effect sizes of a randomized control study of 

a 10 week intervention on GCSE predicted grades in maths, science and english is described.  

The results support the assertion that cognitive-affective state (CAS) can be altered and 

improved through neuro-ecological feedback. Metacognitive ‘signposts’, supported by a coaching 

process, increase the ability of students to self regulate and to choose a more optimal thinking strategy 

for each specific subject lesson. This conclusion is evidenced by the fact that improved/deteriorated 

CAS scores show an effect size of d= 0.29 on academic learning as measured by changes in predicted 

GCSE grades. The 10 week intervention had an effect size of 0.21 on predicted GCSE maths grades 

and a lower effect size on english and science grades. The study supports the proposal that Footprints 

Raising Attainment provides a workable methodology of non-real time personalised neuro-feedback. 

 

Further study 

 

A second stage of the intervention will take place in the school’s consecutive term in which the 

control and interventions groups will be reversed. Group 2 will receive coaching support instead of 

Group 1. Comparisons between predicted GCSE grades for Group 2 and Group 1 will then be 

available mid term and end of term. 

In addition, subject teachers will utilise the Footprints classroom resources as explicit 

metacognitive CAS signposts. This environmental component to the support was not included in the 

current intervention. Stage two will allow us to understand: 

¶ The durability of improved GCSE grades in Group 1 post-coaching 

¶ The durability of improved CAS scores  

¶ The ongoing relationship between CAS score changes and grade predictions 

¶ The effect of environmental reinforcement of the CAS metacognitive signposts upon individuals 

who have previously received coaching. 

¶ The effect of environmental reinforcement of the CAS metacognitive signposts upon individuals 

who are currently receiving coaching. 

¶ Whether there is a time lag between improvements in CAS and predicted grade improvements. 

Our prediction is that the effect size will be increased in the second stage of the intervention for 

two reasons. First, improved coaching through familiarity with the technique and material which 

should improve the accuracy of CAS attunement amongst students. Second, the environmental 

reinforcement through classroom resources that was withheld in stage one. Walker (2014) has shown 

that CAS is an ecological component of executive function; we would expect, therefore, that 

environmental CAS signposts will support the attunement of students’ CAS within their lessons. 

 

Disclosure 

The author acknowledges a conflict of interest through a commercial relationship with the 

manufacturers of the Footprints CAS Assessment. 
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Appendix 

The CAS Technology: Measuring imagined cognitive-affective state 

The CAS assessment is a derivation of a projective test called the Personal Ecology Profile (Walker 

2009). The psychological process involves triggering the imagination of the candidate to create a 

‘space’ which they want to call their own through a series of neutral cues. The clean language of the 

assessment is important to allow the candidate to project their own, independent meaning and shape 

onto the cues.  

 

Further verbal cues develop the imagined focus of the candidate on their previously created space, 

their imagined self-perception and self-operations 

 

Further verbal cues then develop and explore the candidates’ imagined self-perception and operation 

with the learning context present. A series of 28 statements then appear and are scored by the 

candidate. These relate to seven factors stated in the data model. 
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Data Model 

This study used Walker’s conceptual model of Human Ecology Theory (Walker 2009) to define the 

cognitive self-operation. In the Footprints assessment four items score each factor. Each item is 

scored on a six point Likert scale as above. This results in twenty eight items measuring cognitive 

self-operation within a single learning environment.  

The multiple learning contexts assessed therefore multiplies the number of times each item is scored.  

 A sample of three of the items is given below. 

- Do you need to know what is going to happen in YOUR SPACE when the keyword is with 

you? 

- Does it help your learning in keyword when you can relate it to your own life? 

- You need to make something in YOUR SPACE. Do you get lots of ideas popping into your 

head as you go along? 
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Centre for Human Ecology Theory, UK 

www.humanecology.webeden.co.uk 

 

The Centre for Human Ecology Theory was launched in 2013 and aims to develop insight into human 

behaviour using Walker's Human Ecology Theory as its major tool through its research projects. The 

Centre aims to bring together a community of practitioners from around the world committed to 

developing understanding of human behaviour and how to engender more humane, sustainable living 

through application of these ideas.  

Walker's Human Ecology Theory was developed over a decade, from 2000-2010, by the author 

through his work initially carried out whilst doing postgraduate studies at Oxford University in the 

UK. Encompassing areas of human behaviour from personality theory, through to leadership, 

organisational dynamics, teaching and learning, coaching and market cycles, Walker's Human 

Ecology Theory claims to be a comprehensive human systems paradigm. 

 

 

Resume of the researcher:  Simon P Walker 

 

Simon Walker taught at Wycliffe Hall, Oxford University between 2002-2009. He worked as a 

consultant to the corporate world from 2002 and founded in 2004 The Leadership Community, an 

alumni of graduates from his Undefended Leader course that grew to around five hundred over the 

next five years. 

In 2011 he announced a refocus on the area of education and schools, with a commitment to develop a 

curriculum for social, emotional and cognitive development. Walker co-authored with Jo Walker, also 

his wife, the CAS schools programme, a version of the Human Ecology Approach for children. He 

became a Coach in Residence at Monkton Combe School in 2012.  

Walker is the author of several ideas about human behaviour including a distinctive theory which he 

calls 'Human Ecology Theory', described in a monograph 'A Brief Introduction To The Theory of 

Human Ecology.'  

From his Human Ecology Theory Walker has developed a number of other ideas in the areas of 

leadership, learning and coaching. He published the idea of 'undefended leadership' in a trilogy of 

books launched at the Oxford Literary Festival. His ideas have had an influence on writers in the area 

of Christian leadership (MODEM) school leadership (Seldon) and power in leadership (Preece). 

Walker has also set out a basis for being 'undefended' upon Christian spirituality which he calls the 

Undefended Life and has taught the principles of Undefended Life in Africa, Norway, India and 

Australia. This has stimulated numerous responses from other commentators in the church.  

Over the years, Walker has developed and commercialised several proprietary psychological 

technologies and instruments to analyse and develop people using a Human Ecology Approach. These 

including the Personal Ecology Profile, Leadership Signatures, Footprints Assessments and Coaching 

Signatures. He has collaborated with Meredith Belbin on several projects. 

Prior to his wider adult education career, Walker was ordained as an Anglican vicar in 1997 and 

served his curacy in Abingdon, Oxfordshire. He has bachelor degrees in Biology and Theology from 

Oxford, an MPhil in Applied Theology from Oxford. He has just submitted his DProf by Public 

Works at Winchester University in 2014, a review of his contribution to the adult education between 

1997-2014. He is an accredited member of The Association of Executive Coaching and Supervision.  

References at http://humanecology.webeden.co.uk/#/who-is-simon-p-Walker/4575814295 

 

 



 
Centre for Human Ecology Theory        24 

 
 

 

Publication bibliography 

Ainley, Mary (2006): Connecting with Learning: Motivation, Affect and Cognition in Interest 
Processes. In Educ Psychol Rev 18 (4), pp. 391ς405. DOI: 10.1007/s10648-006-9033-0. 

Barber, Nigel (2005): Educational and ecological correlates of IQ: A cross-national investigation. In 
Intelligence 33 (3), pp. 273ς284. DOI: 10.1016/j.intell.2005.01.001. 

Boström, Lena; Lassen, Liv M. (2006): Unraveling learning, learning styles, learning strategies and 
meta-cognition. In Education + Training 48 (2/3), pp. 178ς189. DOI: 10.1108/00400910610651809. 

Bull, R.; Scerif, G. (2001): Executive functioning as a predictor of children's mathematics ability: 
inhibition, switching, and working memory. In Dev Neuropsychol 19 (3), pp. 273ς293. DOI: 
10.1207/S15326942DN1903_3. 

Burgess, Paul W.; Alderman, Nick; Forbes, Catrin; Costello, Angela; Coates, Laure M-A; Dawson, 
Deirdre R. et al. (2006): The case for the development and use of \"ecologically valid\" measures of 
executive function in experimental and clinical neuropsychology. In J Int Neuropsychol Soc 12 (2), 
pp. 194ς209. DOI: 10.1017/S1355617706060310. 

Crites, S. L.; Fabrigar, L. R.; Petty, R. E. (1994): Measuring the Affective and Cognitive Properties of 
Attitudes: Conceptual and Methodological Issues. In Personality and Social Psychology Bulletin 20 
(6), pp. 619ς634. DOI: 10.1177/0146167294206001. 

Deisinger, Julie A. (2010): Chapter 14 Scientifically unsupported treatments for students with special 
needs. In : Current Issues and Trends in Special Education: Identification, Assessment and 
Instruction, vol. 19. Bingley: Emerald Group Publishing (Advances in Special Education), pp. 213ς236. 

Derakshan, Eysenck (2010): Emotional states, attention, and working memory. A special issue of 
cognition & emotion. Hove: Psychology Press (Cognition & emotion. Special Issue). 

Education Endowment Fund (2013): Teaching and Learning Toolkit. EEF and Sutton Trust. Available 
online at 
http://educationendowmentfoundation.org.uk/uploads/toolkit/Teaching_and_Learning_Toolkit_(Sp
ring_2013).pdf. 

Education Endowment Fund (2014): Neuroscience and Education: A Review of Educational 
Interventions and Approaches Informed by Neuroscience January. Available online at 
http://educationendowmentfoundation.org.uk/uploads/pdf/NSED_LitReview_Final.pdf. 

Enriquez-Geppert, Stefanie; Huster, René J.; Scharfenort, Robert; Mokom, Zacharais N.; 
Zimmermann, Jörg; Herrmann, Christoph S. (2014): Modulation of frontal-midline theta by neuro-
feedback. In Biol Psychol 95, pp. 59ς69. DOI: 10.1016/j.biopsycho.2013.02.019. 

Fernandez-Duque, Diego; Baird, Jodie A.; Posner, Michael I. (2000): Executive Attention and 
Metacognitive Regulation. In Consciousness and Cognition 9 (2), pp. 288ς307. DOI: 
10.1006/ccog.2000.0447. 

Furnham, Adrian; Monsen, Jeremy (2009): Personality traits and intelligence predict academic school 
grades. In Learning and Individual Differences 19 (1), pp. 28ς33. DOI: 10.1016/j.lindif.2008.02.001. 

Gaesser, Brendan (2012): Constructing memory, imagination, and empathy: a cognitive neuroscience 
perspective. In Front Psychol 3, p. 576. DOI: 10.3389/fpsyg.2012.00576. 

Garry, Maryanne; Polaschek, Devon L.L. (2000): Imagination and Memory. In Current Directions in 
Psychol Sci 9 (1), pp. 6ς10. DOI: 10.1111/1467-8721.00048. 

D[ !ǎǎŜǎǎƳŜƴǘǎ όнлмнύΥ bŜǿ /ƻƎƴƛǘƛǾŜ !ōƛƭƛǘƛŜǎ ¢Ŝǎǘ ƘŜƭǇǎ ΨLƴǘŜƭƭŜŎǘǳŀƭ /ƛƴŘŜǊŜƭƭŀǎΩ ǊŜŀŎƘ ǘƘŜƛǊ {¢9a 
potential. UK. Available online at http://www.gl-assessment.co.uk/research-and-articles/september-
2012-new-cognitive-abilities-test-helps-%E2%80%98intellectual-cinderellas%E2%80%99. 



 
Centre for Human Ecology Theory        25 

 
 

Gruzelier, John H. (2013): EEG-neuro-feedback for optimising performance. I: A review of cognitive 
and affective outcome in healthy participants. In Neurosci Biobehav Rev. DOI: 
10.1016/j.neubiorev.2013.09.015. 

Halloran, Roberta Kathryn (2011): Self-regulation, executive function, working memory, and 
academic achievement of female high school students. In ETD Collection for Fordham University, 
pp. 1ς139. Available online at http://fordham.bepress.com/dissertations/AAI3452791. 

Hattie, John (2009): Visible learning. A synthesis of over 800 meta-analyses relating to achievement. 
London, New York: Routledge. 

Hofmann, Wilhelm; Schmeichel, Brandon J.; Baddeley, Alan D. (2012): Executive functions and self-
regulation. In Trends Cogn. Sci. (Regul. Ed.) 16 (3), pp. 174ς180. DOI: 10.1016/j.tics.2012.01.006. 

Hudlicka, Eva (2002): This time with feeling: Integrated model of trait and state effects on cognition 
and behavior. In Applied Artificial Intelligence 16 (7-8), pp. 611ς641. DOI: 
10.1080/08339510290030417. 

Lane, Richard D.; Nadel, Lynn; Ahern, Geoffrey (2000): Cognitive neuroscience of emotion. New York: 
Oxford University Press (Series in affective science). 

Mayr, Ulrich; Keele, Steven W. (2001): Changing internal constraints on action: The role of backward 
inhibition. In Journal of Experimental Psychology: General, Vol 134(3), Aug 2005, 343-367. 129 (1), 
pp. 4ς26. 

McCARTY, T. L.; WALLACE, STEPHEN; LYNCH, REGINA HADLEY; BENALLY, ANCITA (1991): Classroom 
Inquiry and Navajo Learning Styles: A Call for Reassessment. In Anthropology & Education Quarterly 
22 (1), pp. 42ς59. DOI: 10.1525/aeq.1991.22.1.05x1172b. 

Miyake, A.; Friedman, N. P.; Emerson, M. J.; Witzki, A. H.; Howerter, A.; Wager, T. D. (2000): The 
unity and diversity of executive functions and their contributions to complex \"Frontal Lobe\" tasks: 
a latent variable analysis. In Cogn Psychol 41 (1), pp. 49ς100. DOI: 10.1006/cogp.1999.0734. 

Monsell, Stephen (2003): Task switching. In Trends in Cognitive Sciences 7 (3), pp. 134ς140. DOI: 
10.1016/S1364-6613(03)00028-7. 

Neisser, Ulric; Boodoo, Gwyneth; Bouchard, Thomas J., Jr.; Boykin, A. Wade; Brody, Nathan; Ceci, 
Stephen J. et al. (1996): Intelligence: Knowns and unknowns. In American Psychologist 51 (2), pp. 77ς
101. DOI: 10.1037/0003-066X.51.2.77. 

Panksepp, Jaak (2003): At the interface of the affective, behavioral, and cognitive neurosciences: 
Decoding the emotional feelings of the brain. In Brain and Cognition 52 (1), pp. 4ς14. DOI: 
10.1016/S0278-2626(03)00003-4. 

Pasquinelli, Elena (2011): Knowledge- and Evidence-Based Education: Reasons, Trends, and 
Contents. In Mind, Brain, and Education 5 (4), pp. 186ς195. DOI: 10.1111/j.1751-228X.2011.01128.x. 

Schacter, Daniel L. (2012): Adaptive constructive processes and the future of memory. In Am Psychol 
67 (8), pp. 603ς613. DOI: 10.1037/a0029869. 

Schacter, Daniel L., Addis, Donna Rose and Buckner, Randy L. (2007): Remembering The Past To 
Imagine The Future: The Prospective Brain. In Nature reviews Neuroscience 8 (9), pp. 657ς661. 

St Clair-Thompson, Helen L; Gathercole, Susan E. (2006): Executive functions and achievements in 
school: Shifting, updating, inhibition, and working memory. In Q J Exp Psychol (Hove) 59 (4), pp. 745ς
759. DOI: 10.1080/17470210500162854. 

Walker, Simon P. (2013 a.): Improving the quality and efficacy of pupil teacher feedback and 
metacognition in avoidant defiant year 10 stu. Centre for Human Ecology Theory. UK. Available 
online at http://www.footprintsschoolsprogramme.co.uk/#/research/4574561474 

 



 
Centre for Human Ecology Theory        26 

 
 

Walker, Simon P. (2014 d.): Cognitive- Affective State (CAS) Rank is a Measure of an Ecological 
Component of Executive Function. Centre for Human Ecology Theory. UK. Available online at 
http://heeducation.webeden.co.uk/#/research/4574561474. 

Walker, Simon P. (2014 c.): Cognitive-Affective State (CAS), an Ecological Component of Executive 
Function, Explains Variance between CAT scores and GCSE Grade Predictions. Centre for Human 
Ecology Theory. UK. Available online at www.humanecology.webeden.co.uk. 

Walker, Simon P. (2014 a.): Confirmation of Seven Factors which Contribute to Cognitive-Affective 
State (CAS). Centre for Human Ecology Theory. UK. Available online at 
http://heeducation.webeden.co.uk/#/research/4574561474 (last checked 24.3.2014). 

Walker, Simon, P. (2013): The Operation of the Imagined Self and its Role in Assessing Academic 
Ability. Centre for Human Ecology Theory. UK. Available online at 
http://heeducation.webeden.co.uk/#/research/4574561474, checked on 3/16/2014. 

. Centre for Human Ecology Theory. UK. Available online at 
http://heeducation.webeden.co.uk/#/research/4574561474, checked on 3/16/2014. 

Weiskopf, Nikolaus (2012): Real-time fMRI and its application to neuro-feedback. In Neuroimage 62 
(2), pp. 682ς692. DOI: 10.1016/j.neuroimage.2011.10.009. 


