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Teachers become rapidly more effective during the early years of their career but tend to improve
increasingly slowly thereafter. This article reviews and synthesises converging evidence from
neuroscience, psychology, economics and education suggesting that teachers’ rate of growth slows
because their practice becomes habitual. First, we review evidence suggesting that teaching is highly
conducive to habit formation and that teachers display characteristic features of habitual behaviour.
Next, we review empirical findings that performance asymptotes, as seen in teachers’ learning curves,
coincide with the reallocation of behaviour regulation to neural circuits governing habitual behaviour.
Finally, original data is presented showing that teachers’ behaviour becomes automatic around the
time that many teacher effectiveness begins to level off. Collectively, this evidence implies that
professional development should involve repeated practice in realistic settings in order to overwrite and
upgrade existing habits.
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1. Teacher effectiveness

Teachers’ ability to raise pupil test scores follows a clear pattern over the career: increasing rapidly
during the first three to five years, before growing more slowly in subsequent years (Papay & Kraft,
2015). Individual teacher growth curves, however, vary widely in terms of their gradient and the
timing and level at which they flatten off (Kraft & Papay, 2014; Ost, 2014). As a result, teachers vary
markedly in their ability to raise pupil achievement (Jackson, Rockoff, & Staiger, 2014). Indeed, a
one standard deviation increase in the quality of teachers that a pupil is exposed to during high school
is associated with a 0.3 standard deviation increase in test scores (Lee, 2018). Moreover, experimental
research suggests that this reflects a causal relationship (Kane, McCaffrey, Miller, & Staiger, 2013).
Understanding why teacher effectiveness begins to flatten off - and how it can be sustained - is
therefore important for improving education.

A plausible explanation for the stabilisation of teacher effectiveness is the ossification of teaching
practice. Indeed, a range of evidence suggests that classroom practice becomes resistant to change.
For example, longitudinal studies have found that intensive teacher professional development
programmes can fail to bring about changes in teacher practice, even in cases where teacher
knowledge of the targeted new practices has increased (Copur-Gencturk & Papakonstantinou, 2016;
Gess-Newsome et al., 2019). Certain pedagogical techniques which appear to be widely accepted
within the teaching profession also appear to have had little impact on teachers’ actions in the
classroom (Wiliam, 2007). Moreover, studies using principal ratings of specific teacher skills based
on classroom observations, show that these scores also begins to stabilise after around five years,
suggesting practice stabilises around the same time as teaching effectiveness (Kraft, Papay, Chi, &
Kraft, 2019).

The primary purpose of this article is to review and synthesise a recent body of evidence suggesting
that habit formation is one important explanation for this phenomenon. While there has been little
direct, rigorous research on teacher habits, we argue that there is already striking evidence for the
prevalence of habitual behaviour among teachers. This appears not to have been recognised, however,
because it requires combining theoretical and methodological insights about how to operationalise
habit, drawn from neuroscience, with empirical findings about the way in which teachers’ skills
develop over time, drawn from the economics of education literature. We synthesise these findings,
along with others from the psychology literature and new evidence on the automaticity of teaching
practice drawn from a large survey of in-service teachers. this converging evidence provides strong
reason to believe that habit formation plays an important part in limiting growth in teacher
effectiveness.

One of the defining characteristics of habits is that they are insensitive to negative feedback, meaning
that sub-optimal teaching practice can come to be locked in, even when they are known to be sub-
optimal (Ost, 2014; Seger & Spiering, 2011). The primary motivation for this research is to
understand how this can be avoided. Our hope is that, by providing an explanation for why growth in
teacher effectiveness slows across the career, we can also shed light on how growth in teacher
effectiveness can be maintained at higher levels, for longer. In particular, the article considers the
implications of habitual practice for the design of teacher professional development, examining if, and
how, habits can be replaced or upgraded.

Although we are primarily interested in teacher effectiveness, our focus on habitual practice also has
relevance to issues of teacher professionalism. Schon (1983) argued that all professionals are granted
autonomy to use their specialist knowledge to solve problems on behalf of society. In doing so, they
must learn through a process of reflection on, and then adaptation of, their practice. Educationalists
have since taken up this argument to emphasises that agency - teachers ability to shape their own
work - is an important part of what makes them professionals (Biesta, Priestly, & Robinson, 2015;
Heck, Grimmet, & Willis, 2019). The evidence we present on the importance of habits in constraining
the potential for teachers to reflectively adapt their practice is therefore also relevant to broader
debates on the nature of agency and professionalism in teaching.

The article is structured as follows. In section 2 we define habits and relate the characteristic features
of habitual behaviour to observations of teaching practice in the education literature. In section 3, we



review the psychology literature on the conditions under which habits are most likely to be formed
and compare these to known features of teaching. In section 4, we discuss how neuroscientists and
psychologists have operationalised habits and review dovetailing empirical evidence drawn from the
economics of education literature. In section 5, we present new evidence using self-report measures of
habitual behaviour collected from a large cross-sectional sample of teachers in the UK. Following
that, Section 6 draws out the implications for educational practice and section 7 concludes by
discussing limitations of the existing literature and directions for future research.

2. Characteristics and neural basis of habitual behaviour

In this section, we will set out the underpinning neural basis for (non)habitual actions and explain
how and why this gives habits their distinctive features. Specifically, habitual behaviours are
characterised by ordered, structured action sequences that are automatically elicited by environmental
cues and which are insensitive to goals or rewards.

2.1 Neural basis of habits

Importantly, goal-directed and habitual behaviours are associated with separate anatomical circuits. In
humans, goal-directed behaviour is supported by a circuit connecting the prefrontal cortex (PFC) with
two subcortical regions of the striatal basal ganglia: the caudate nucleus and the anterior putamen
(Burton, Nakamura, & Roesch, 2015). In contrast, habitual behaviours rely on a loop connecting
cortical regions in the sensorimotor and motor cortex with two further (though anatomically distinct)
areas of the putamen, the medial and posterior putamen (Yin & Knowlton, 2006). The shift from goal-
directed to habitual behaviour can therefore be observed through associated changes in neural activity
between these loops. For example, extended practice of sequences of movements (conditions highly
likely to produce habitual responding) can lead to decreased activation in goal-directed control
circuits and increased activity in areas of the habit-related circuits such as the putamen (Lehericy et
al., 2005; Steele & Penhune, 2010; Tricomi et al., 2009).

Causal inferences about the separate roles of these circuits can be made through animal learning
studies, therefore a brief summary of animal evidence is important to illustrate the neural basis of
such behaviour even though we naturally do not equate teaching performance with animal learning.
For example, researchers have examined the effect of deactivating the rat dorsolateral striatum (DLS;
an area homologous to the primate and human putamen, considered the “ground zero” for habit
formation; Amaya & Smith, 2018) in paradigms where rats are trained to press a lever for a reward of
sucrose, in order to produce habitual lever-pressing behaviour. Lesioning the DLS prior to any
learning prevents the emergence of habitual behaviours and leads to rats rapidly reducing their lever
pressing when their sucrose reward is devalued (Yin & Knowlton, 2006). In healthy rats, by contrast,
once habitual behaviour has been established, devaluing the outcome does not affect the production of
the behaviour (Ostlund et al., 2009). Further, if the DLS is deactivated after the lever-pressing habit
has already been acquired, then behaviour rapidly reverts to being goal-directed, in the sense of being
more sensitive to outcomes (Yin, Knowlton, & Balleine, 2006).

Thus, the development of habitual behaviour in both humans and animals has a neural basis,
characterised by distinct patterns of activity in separate anatomical circuits. The patterns of activity
within these circuits are also responsible for producing the characteristic features of habits, namely
automaticity and goal insensitivity.

2.2 Habits are characterised by automaticity

Automaticity has been argued to be the ‘active ingredient’ of habit (Gardner, 2012). Habits are
automatic in that they are activated in memory by external cues and then performed, without requiring
executive control (Evans & Stanovich, 2013; Wood, Labreque, Lin, & Riinger, 2014) and “without
uncertainty or hesitation” (Saling & Phillips, 2007). Automaticity therefore refers to the relationship
between environmental cues (outside the individual) and the production of a behaviour; in contrast to
a process in which a behaviour is chosen to achieve a goal internal to the individual. Crucially, ‘a
behaviour’ does not necessarily refer to a single action. When sequences of behaviours are performed
repeatedly, eventually they may come to be produced too rapidly for each element in the sequence to



be cued by feedback from the preceding element (Lashley, 1951; Robbins & Costa, 2017). Central
control of the sequence as a whole is therefore required, and as a result, single actions are combined
into sequences which are stored as a single unit (Lungu et al., 2014; Steele & Penhune, 2010).

Habit learning mechanisms appear to be conserved across mammalian species, operating as strongly
and consistently (and with the same limited input from higher cortical functions) in humans as in
other mammals (Bayley, Frascino, & Squire, 2005). As a result animal studies, which allow for more
invasive measurement and experimental manipulation than do studies in humans, provide one
important form of evidence showing that habitual behaviours are characterised by automatically cued
neural responses. Activity in the rat dorsolateral striatum (DLS; an area homologous to the primate
and human putamen - an area essential for habit formation; see ‘Neural basis of habits’, section 2.3
below) displays automaticity in responding to a cue with an invariant sequence of activity patterns
(Thorn, Atallah, Howe, & Graybiel, 2010). For example, the DLS develops an ‘action-bracketing’
activity pattern which chunks individual actions into a sequence (Smith & Graybiel, 2013). Thus,
when a rat is presented with a particular habitual cue (such as a series of levers to press) after habits
have been locked in by neural activity patterns, DLS neurons cease responding to each movement
occurrence individually (Carelli, Wolske, & West, 1997), and instead signal whole action sequences
automatically, leading to habitual sequences of behaviour (Ostlund, Winterbauer, & Balleine, 2009).
The strength of the bracketing activity has been shown to correlate with faster and less deliberative
(i.e. more automatic) behaviour patterns (Smith & Graybiel, 2013; Thorn et al., 2010).

Automaticity and habitual behaviour have also been linked in studies of humans. For example,
research has found that if runners with strong running habits were subliminally cued with the contexts
in which they typically run, they were faster to recognise the words ‘running’ and ‘jogging’. Thus,
stimulus-response associations could be retrieved faster in those with stronger habits (Neal, Wood,
Labrecque, & Lally, 2012). Another study investigating the automatic cuing of habits by context
found that participants with established habits of eating popcorn when at the cinema consumed more
popcorn than others, even when the popcorn was stale and therefore unpleasant to eat (Neal, Wood,
Wu, & Kurlander, 2011). The effect was reduced, however, by contextual changes which weakened
the cuing of the behaviour, such as watching videos in a campus meeting room or eating with a non-
dominant hand. Finally, repetition of an action (such as exercise, or healthy eating) in response to a
stimulus has been shown to be associated with an increases in automaticity, as measured by a self-
report questionnaires (Lally, Van Jaarsveld, Pottts, & Wardle, 2010; Verplanken & Orbell, 2003).

Whilst little rigorous research has previously investigated automaticity in teaching, observational
studies have documented experienced teachers performing complex classroom routines with “little
explicit deliberation or forethought” (Vasquez-Levy, 1998) and without conscious interruption or
modification (Leinhardt & Greeno, 1986; Wheatley & Wegner, 2001). These routines have been
termed ‘patterned action sequences’ by researchers (Bohannon, 1995).

2.3 Habits are characterised by insensitivity

The automaticity of habitual behaviour leads to habitual actions being performed in a manner that is
not goal-dependent and is therefore insensitive (at least initially) to changes in goals or the value of
the response outcome. As such, habitual behaviours may have both positive and negative
consequences. On the one hand, habits are essential to the efficient control of behaviour, because
allowing regular actions to be performed automatically frees up cognitive resources for additional
processing and facilitates multitasking (Taatgen, Huss, Dickison, & Anderson, 2008). In the
classroom, where feeling overwhelmed by the levels of simultaneous activity is a common experience
for novice teachers (Carré, 1993; Corcoran, 1981; Kagan, 1992; Olson & Osborne, 1991; Veenman,
1984; Wideen, Mayer-Smith, & Moon, 1998), developing effective habits will be essential to
avoiding cognitive overload (Feldon, 2007). On the other hand, habitual behaviours can sometimes be
prompted automatically by contextual cues in situations where they are unwanted or
counterproductive.

Animal studies have demonstrated the insensitive nature of habitual behaviours through establishing a
‘devaluation of outcome effect’. This involves measuring the extent to which the devaluation of an



outcome (such as replacing a desirable reward with an unpleasant or noxious one, or an ‘extinction
phase’ where rewards are withheld) leads to a change in the rate of production of the behaviour. The
degree that a behaviour remains present even following changes in rewarding outcomes provides a
behavioural measure of habit performance. Outcome-insensitivity has been demonstrated in animals
in this using various paradigms. For example, following outcome devaluation procedures rats have
been reported to continue to perform head-movements (Tang, Pawlak, Prokopenko, & West, 2007),
follow routes in a maze (De Leonibus et al., 2011; Smith & Graybiel, 2016), track previously
rewarded stimuli (such as coloured lights) (Morrison, Bamkole, & Nicola, 2015), and press levers
(Coutureau & Killcross, 2003; Dickinson, 1985; Smith & Graybiel, 2013), despite the devaluation of
the outcome.

Insensitivity to outcome devaluation has also been experimentally induced in humans through
overtraining in a study in which participants learned to press keys in order to obtain snack food
rewards (Tricomi, Balleine, & O’Doherty, 2009). Following training, outcome devaluation was
induced through selectively satiating participants on one of the two available snack foods (i.e.
consuming them until they were no longer desired), after which participants were once again tested on
the trained paradigm. Participants in an extensive training group (3-days) consumed more of the
devalued reward (and so were less sensitive to the devaluation) than a group trained for only one day
(although c.f. one recent failure to replicate this specific overtraining effect; de Wit et al., 2018).
Evidence for the goal insensitivity of habitual behaviour in humans can also be found in the social-
psychology literature. Meta-analyses of studies looking at the relationship between intentions and
behaviour have found that intentions are stronger predictors of actions that were performed less
frequently and that habits are a strong (negative) moderator of the links between goals and behaviours
(Gardner, De Bruijn, & Lally, 2011; Ouellette & Wood, 1998; Webb & Sheeran, 2006). Thus,
habitual behaviours are frequently performed in spite of intentions or goals to behave differently.

While evidence from educational settings is again more scarce, teachers’ behaviours have also been
shown to be insensitive to a change in goals. In one notable example, 36 experienced high school
teachers were asked to teach two consecutive (observed) lessons to small groups of randomly-selected
students (Doyle & Redwine, 1974). Following the first session, teachers received feedback on the
extent to which their lesson had followed their own planned time allocations, but this feedback was
manipulated to suggest either a high or low level of discrepancy with the original plans. The
participants then submitted a revised plan of their intentions for the second session on the basis of this
feedback, before their second lesson was observed. Results showed that, regardless of the degree of
intent to change in the second session, the teachers did not measurably change their practice.

2.4 Summary

In summary, habits involve the automatic production of behaviour(s) in responses to cues in the
environment, in a way that is insensitive to goals or rewards. Both the automaticity and insensitivity
of habitual behaviours is underpinned by the separate neurological circuits which regulate them.
Transferring regulation of an activity from the goal-directed, deliberative circuit frees up scarce
resources in working memory to aid further problem solving (Seger & Spiering, 2011). However,
shifting regulation of a behaviour to automatic, insensitive circuit can lock in sub-optimal behaviour
(Wood & Riinger, 2016). This has been described by educational psychologists as the “double-edged
sword of automaticity” (Feldon, 2007).

3. Classroom contexts and the development of habitual behaviour

In this section, we review evidence on whether teachers’ working environment is conducive to the
development of habit. A range of factors have been shown to moderate the production of habitual
behaviours', some of which are very relevant when considering the potential impact of habits on
teaching practice. Amongst these, habit performance has been shown to increase in conditions of
frequent performance of the behaviour, under time or performance pressure and under conditions of
stress. The following sections examine each of these factors in turn.



3.1 Frequent responding promotes habit formation

Although frequently performing a behaviour does not guarantee future automaticity (Gardner, 2012;
Wheatley & Wegner, 2001), research has found a relationship between frequency of repetition and
habit development (Sniehotta & Presseau, 2012). A clear example of this principle is the observation
that habits are most likely to form for behaviours which are performed most frequently in our
everyday lives, such as behaviours related to eating, drinking, purchasing, exercising or driving
(Aldrich, Montgomery, & Wood, 2011; de Bruijn, Kremers, Singh, van den Putte, & van Mechelen,
2009; Ji & Wood, 2007; Ouellette & Wood, 1998; Webb & Sheeran, 2006). In general, the frequency
of past behaviour is a far weaker predictor of future behaviour in domains that are encountered only
annually or biannually than for those which are encountered on a daily or weekly basis (Ouellette &
Wood, 1998). Self-reported habit strength also correlates strongly with the frequency of past
behaviour (Verplanken & Orbell, 2003). Furthermore, when high frequency behaviours are performed
in stable contexts, intentions are very poor predictors of behaviour (Danner, Aarts, & De Vries, 2008).

Many aspects of teaching are highly repetitive. For example, teachers in England teach around 950
lessons per year (National Union of Teachers, 2008), all of which (excluding double lessons) involve
executing certain routines such as getting a class into the room and settled at their desks. Many
teachers will go on to reteach these same lessons in subsequent academic years. Within lessons,
teachers also repeat certain actions many times. For example, systematic observations have recorded
teachers asking between 49 and 89 questions in a one hour lesson, which amounts to tens of thousands
of questions per year (Hargreaves, 1984; Resnick, 1972). Teachers also expend considerable effort
keeping order during the lesson, with studies recording an average of 16 instances of observable
behavioural reprimands per 45 minute lesson - equivalent to around 20,000 instances per year
(Wheldall, Houghton, & Merrett, 1989). Teaching therefore involves repetitive responding to
recurring environmental cues.

3.2 Time or performance pressures promote habitual behaviour

In laboratory studies, participants placed under time pressure have been found to perform tasks by
relying less on deliberative processes and more on habit-type processes (Toth, 1996; Yonelinas &
Jacoby, 1994; 1995). For example, in cued-recall studies, where participants are required to respond
to cues to complete a task (following an initial learning period), time pressure leads to a reduced
reliance on conscious recall, in favour of automatic processes (Yonelinas & Jacoby, 2012). Similar
effects can be produced through inducing performance pressure, for example by taxing participants
with a secondary assignment on top of their main task, which leads to increased habitual actions, even
when this is detrimental to overall performance (Ruh, Cooper, & Mareschal, 2010).

Teachers working in many different countries and school systems face strong accountability pressures
through mechanisms of parental school choice (Mattei, 2012) and from official school inspectorates
(Ehren et al., 2015). These pressures are perhaps most extreme in the US and UK, where school
leaders are regularly removed from their post based on the schools exam results (Eyles & Machin,
2019; Heissel & Ladd, 2018). This puts school leaders under pressure, which is then communicated
downwards to the teaching staff (Leithwood, Steinbach, & Jantzi, 2002; Perryman, Ball, Maguire, &
Braun, 2011; Wise, 2001). These accountability pressures have been linked with increases in
workload as teachers attempt to respond to the demands of management (Perryman & Calvert, 2019),
and international teacher surveys show long hours are common in OECD countries (Jerrim & Sims,
2019). Teaching is thus subject to strong accountability and time pressures.

3.3 Stress promotes habitual behaviour

When time, accountability or other pressures increase to the point that an individual feels they may
not be able to achieve their goals, this causes stress (Schuler, 1980) which is known to have wide
ranging effects on human learning and memory systems (Roozendaal, McEwen, & Chattarji, 2009;
Schwabe, Wolf, & Oitzl, 2010). In particular, stress can limit the capacity for deliberative thought,
resulting in a greater likelihood of automatic and habitual responding to a stimulus (Schwabe et al.,
2007). The mediating mechanism here is likely to be overlapping with that linking time and



accountability pressures and habitual responding, but the primary causes of these in teaching are
distinct (Berryhill, Linney, & Fromewick, 2009).

In one experimental demonstration of this effect, participants underwent a learning phase where they
were asked to choose between different symbols presented on a computer screen, which related to
food outcomes: chocolate milk, orange juice, peppermint tea or water (Schwabe & Wolf, 2010). The
food outcomes had different probabilities of presentation, depending on the trial type (meaning that
participants had to learn the connection between the symbols presented and the likelihood of receiving
particular reward types). After the learning session, either the chocolate or the orange rewards were
devalued (through allowing participants to satiate on either chocolate pudding or oranges). Before
participants were re-exposed to the original task, however, some participants underwent a cold-
pressor task (immersing their hand in ice water, under the supervision of an unfriendly experimenter)
designed to heighten their stress levels. Results showed that stressed participants were insensitive to
the outcome devaluation compared to controls, that is, stress led to an increase in habitual behaviour.
Cortisol responses to stress also correlated significantly with habitual performance. Interestingly, a
similar procedure which introduced stress before any learning occurred also found that this promoted
habitual responding (Schwabe & Wolf, 2009). Stress therefore seems able to facilitate both the
formation and production of habitual behaviours.

Teaching is widely recognised to be a stressful job (Cooper & Travers, 2012; Johnson et al., 2005).
Indeed, survey research repeatedly finds it to be among the most stressful of any major occupational
group (Johnson et al., 2005; Smith, Brice, Collins, Matthews, & McNamara, 2000). There is also
evidence beyond self-report data, with studies showing that early-career teachers show markedly
elevated cortisol levels after conducting a lesson (Wolfram, Bellingrath, Feuerhahn, & Kudielka,
2013). Thus, teachers are subject to relatively high levels of stress, which is likely to impede
deliberate reflection and adaptation of the sort thought to be crucial for their development as
professionals (Biesta, Priestly, & Robinson, 2015; Heck, Grimmet, & Willis, 2019).

4. Evidence from performance asymptotes

4.1 Operationalising habit using performance asymptotes

As discussed, habitual behaviours are more likely to emerge in situations where stimulus-response-
outcome contingencies are stable, in other words in situations where a consistent response is produced
to the same stimulus, resulting in a consistent outcome. Stability of behaviour naturally also leads to
stability of performance, so the emergence of habitual behaviours can be tracked through the slowing
of learning to the point where performance approaches asymptote (Dickinson, 1985). Indeed, the only
other explanation would be that practice continued to change but somehow produced the exact same
level of performance. Frequently therefore, in neuroscience and cognitive psychology research, the
habit formation process is operationalised as the point at which the learning curve (measuring
accuracy or completion time for a task) levels off, or approaches asymptote (Brasted & Wise, 2004;
Brovelli, Nazarian, Meunier, & Boussaoud, 2011; Daw, Niv, & Dayan, 2005; de Wit et al., 2018;
Schwabe & Wolf, 2010; Zwosta, Ruge, Goschke, & Wolfensteller, 2018).

Crucially, for our argument, activity in brain regions associated with goal-directed behaviour, such as
the caudate (see section 2.3 Neural basis of habits), has been found to closely track position on a
learning curve. For example, Williams and Eskandar (2006) recorded neural activity from monkey
caudate whilst they were trained to associate images with joystick movements in a specific direction.
Caudate activity was high during the upward sloping part of the learning curve but then began to fall
just before performance approached asymptote (Figure 1, Panel B; see also Brasted & Wise, 2004;
Brovelli et al., 2011). Similarly, in an experiment using human subjects, in which participants learned
to categorise visual stimuli as either ‘natural’ or ‘artificial’ using a key press, improved performance
was shown to be associated with increased functional connectivity between posterior putamen and
premotor cortex, suggesting increasing strength of habit formation (Zwosta et al., 2018).

It is important to note here that the correlation between activity in habit circuits and approaching
performance asymptote (and so habitual behaviour) is not evidence that the activity in these circuits



causes such habits to emerge. Indeed, there is evidence to suggest that the ‘switch’ from goal-directed
to habitual behaviour is also a function of the remaining involvement (or not) in goal-directed circuits,
as much as increases in the activity of habit networks (Smith & Graybiel, 2013; Zwosta et al., 2018).
Equally, while the ‘habit’ and ‘goal-directed’ circuits are necessary for the production of their
associated behaviour, they are not entirely sufficient, relying both on each other and on a range of
other brain regions (Steele & Penhune, 2010), as with any complex behaviour. What is important to
establish for present purposes, however, is that approaching performance asymptote is often closely
associated with the emergence of habitual behaviour, and that this process is associated with distinct
and measurable patterns of neural activity.

4.2 Performance asymptotes in the teaching literature

Laboratory neuroscience studies of habit generally employ simple tasks in which performance is easy
to measure, such as completion of a maze (Smith & Graybiel, 2013) or lever pressing (Yin et al.,
2006). In the field, perhaps the earliest study of habitual behaviour - Studies on the Telegraphic
Language: The Acquisition of a Hierarchy of Habits was conducted on Morse code operator trainees.
Performance in this setting can be quantified as the number of characters correctly transmitted or
received per minute and the results, published in 1899, showed an asymptotic learning curve (William
& Harter, 1899). Similar studies have since been conducted in a range of settings, for example with
air traffic controllers training using simulators (Joyanovic & Nyorko, 1995). In this setting,
performance can be measured as the number of planes safely landed per period of time and the results,
again, showed a similar asymptotic learning curve.

More recently, the advent of annual pupil testing in the US has allowed researchers to estimate the
contribution of individual teachers to pupil progress. Although we acknowledge that raising test
scores is far from the only important role played by teachers (DeAngelis, 2019; Harris & Sass, 2014),
using test scores as a measure of performance has the benefit of providing a precise quantification of
effectiveness. Moreover, these annual value added measures (VAM) have been shown to correlate
well with teacher’s lifetime VAM (Staiger & Kane, 2015), measures derived from more complex
cognitive tasks (Kraft, 2019), pupils earnings in later life (Chetty, Friedman, & Rockoff, 2014), and
VAM measures derived from random assignment of pupils to teachers (Kane et al., 2013). Modelling
growth in teacher VAM over time is not straightforward because it suffers from the age-period-cohort
problem, which requires that assumptions be invoked (Papay & Kraft, 2015). Different approaches
employ different assumptions and estimate curves with slightly different shapes as a result. Within the
degree of precision afforded by the data however, all methods show teacher effectiveness rising
quickly during the early years of the career and growing at a slower and slower rate thereafter — that is
to say, an asymptotic curve (Kraft & Papay, 2014; Ost, 2014; Papay & Kraft, 2015).

Taken together with the evidence from Section 2 and 3 — particularly the research showing that tasks
are handed off to the habit circuit at the point the curve approaches asymptote — we interpret this as
further converging evidence that habits limit the increase in teacher effectiveness. Two important
caveats are in order at this point. First, unlike lever pressing or maze completion, teaching skill is a
composite, made up of many constituent subskills. The levelling off of the learning curve among
teachers therefore represents an aggregate of many skill-specific learning curves, each of which are
likely to approach asymptote at different points. Second, we would like to emphasise again that
raising test scores is an incomplete measure effectiveness, that misses other aspects of what it is that
teachers do.
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Fig. 1. Learning curves depicting performance asymptotes across a variety of explanatory levels. A)
mathematical depiction of a learning curve in which r represents the learning rate (with a smaller r
describing faster learning), k represents the asymptotic limit of growth (so a larger k implies higher
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2011). B) Performance accuracy and mean neuronal activity in the caudate during a learning task
(Williams & Eskandar, 2006). Grey line, monkeys’ behavioural performance (learning curve); dashed
lines, upper and lower confidence bounds (99%) estimated from the monkeys’ performance. Black
line, learning rate. Thick black line, average firing rate for the cell during the period. Caudate activity
closely correlates with the learning curve until it reaches asymptote, then falls away as performance
stabilises. C) Morse code operative performance over time (William & Harter, 1899). Letters per
minute sent by weeks of practice. Learning curves shown for sending (upper line) and receiving
(lower line). D) Learning curve for an average teacher in terms of effect on pupil exam results by
years of experience (Kraft & Papay, 2014).

5. Direct evidence of automaticity among teachers

So far we have argued that many of the characteristic features of habitual behaviours can be observed
in teachers and that a number of factors known to facilitate the formation and reproduction of habits
are present in schools and classrooms. However, research has not previously attempted to directly
measure habitual behaviour in teaching. In this section, we provide new evidence on this point using
data from a large cross-sectional survey of teachers in the UK.

5.1 Self-report measures of habitual behaviour

Verplanken and Orbell developed and validated the 12-tem Self-Report Habit Index (SRHI) as a
questionnaire-based alternative to behavioural frequency measures of habit (Gardner & Tang, 2014;
Verplanken & Orbell, 2003). The SRHI has since been used in wide range of studies, particularly in
the behavioural medicine literature, where it has been used to study nutrition, exercise and use of
active transport modes (Gardner et al., 2011). More recently, a short four-item automaticity subscale
of the index (the Self-Report Behavioural Automaticity Index, or SRBAI) has been developed and
validated (Gardner, Abraham, Lally, & de Bruijn, 2012). This has been found to be a reliable and
sensitive measure of habitual behaviour and shown to predict two key effects of habit on behaviour: a
correlation between habit strength and behaviour, and a moderating effect of habit on the relationship



between intention and behaviour (Gardner et al., 2012). Respondents using the SRBAI are asked to
respond to four items on a ‘strongly agree’ to ‘strongly disagree’ scale, in relation to a specific
behaviour: ‘is something I do automatically’; ‘is something I do without having to consciously
remember’; ‘is something I do without thinking’ and ‘is something I start doing before I realize I'm
doing it’. The result is a measure of habit strength which retains the SRHI’s predictive validity for
behaviour, whilst allowing for the more parsimonious investigation of habitual behaviours.

We adapted the SRBAI to investigate automaticity in teaching. In order to get a clean estimate of the
relationship between experience and automaticity, we wanted to pick behaviours which teachers were
unlikely to have any experience with before entering the profession. Questioning techniques, for
example, might be something that could be learned while pupils were still at school, perhaps through
debating societies or through pupils observing their own teachers. We also wanted to choose target
behaviours which could be described succinctly and with minimal ambiguity. We therefore chose two
target behaviours/sequences: getting students into the room at the start of a lesson “Getting students
settled at the start of a lesson...” and managing pupil behaviour “Managing low-level disruption...”.
Based on the literature reviewed in Sections 2-4, we hypothesised that teachers would show
increasing automaticity on these skills during their early careers, levelling off as the behaviours came
to be regulated by the neural circuits involved in habitual behaviour.

5.2 Data collection

We administered the questionnaire to teachers via an online, multiple-choice, UK-based teacher
survey app called Teacher Tapp. Teacher Tapp only asks users three questions per day, so the eight
items were administered over multiple days in April 2019. Responses were collected using a 7-point
Likert scale. Our measures of teacher experience were also derived from Teacher Tapp and are
therefore based on multiple choice, categorical responses to a question about the number of years
since qualification. Although the data represents a convenience sample, using Teacher Tapp allowed
us to collect data from an unusually large sample of teachers: yielding 1,337 complete responses to
the question on managing low-level disruption and 1,244 complete responses to the question on
getting students settled. The responses to the four items for each construct were converted to a single
score using confirmatory factor analysis, with alphas of 0.85 and 0.9 respectively, suggesting high
internal consistency for the scales. The factor scores were normalised to have a mean of 0 and a
standard deviation of one.

5.3 Results

Figure 2 shows the mean factor score for various experience bins, along with a 95% confidence
interval. The y axis is scaled to reflect the full range of the factor scores. Both panels of the chart
show a similar picture in which teachers with very low level of experience report automaticity around
0.75 standard deviations below the mean, which rises to be close to the average after between three
and five years on the job. At this point, automaticity begins to level off, remaining stable in the 5-10
and 10-20 years of experience categories. These findings are consistent with our hypothesis that
automaticity would rise initially and then level off. The timing of the curve approaching asymptote in
automaticity is also approximately consistent with the timing of performance reaching asymptote seen
in Section 4.

These findings have a number of limitations, not least that we are only measuring the automaticity
component of habits and are focusing on just two target behaviours — both of which are related to
classroom management. Nevertheless, we interpret these results as further converging evidence that
the gradual development of habitual behaviours serves to limit increases in teacher effectiveness over
time.
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Fig. 2. Mean of the Self-Report Behavioural Automaticity Index factor score plotted against categories of
teaching experience. Dots represent the mean and whiskers represent the 95% confidence interval. Left hand
side N=1,337; right hand side N=1,224.

6. Discussion of implications for practice

It is important to reemphasise at this point that habitual control of behaviour in classrooms is not
necessarily a bad thing. Developing automatic routines is an essential step for novice teachers if they
are to begin to overcome the high levels of cognitive load that can be imposed by working in the
classroom (Feldon, 2007). However, whilst a degree of automaticity can be beneficial to a teacher, it
is clear that rigidity in behaviour can be maladaptive. As discussed above, the immediate and
automatic triggering of habits by associated contexts means that habitual behaviours may override
more deliberative intentions. When such intentions conflict with the established habit, behaviour is
likely to proceed in line with the habit, rather than the intention (Webb & Sheeran, 2006). The
stronger the habit, the less intention influences performance (Verplanken, Aarts, Van Knippenberg, &
Moonen, 1998). This may lead to an inability to adapt practice in the light of new evidence on
effective practice, new curricula or different types of students — thus locking in certain suboptimal
ways of working.

Clearly, these findings have implications for teacher development. In particular, they suggest that
professional development programs that target increased teacher knowledge of certain pedagogical
techniques are unlikely to be sufficient for improved practice. Unless environmental changes which
serve to weaken the contextual cues for pre-existing habitual behaviour are also enacted in parallel,
increasing teachers knowledge is unlikely to disrupt established cue-response associations (Gardner,
2012; Webb & Sheeran, 2006). Unfortunately, this approach seems to be common in education - data
from international teacher surveys shows that for two thirds of teachers (66.6%) most professional
development only involves listening to an instructor provide information (OECD, 2013: Table 4.19).
Similarly, alerting teachers to the difficulty of changing practice is unlikely to help, since habitual
responses are likely to be triggered and possibly even executed before a teacher has become
consciously aware of this fact. Because habits are regulated by a circuit in the brain characterised by



fast, automatic responses, they will likely always be one step ahead of conscious processes regulated
by the slow, deliberative circuit.

Given the difficulties involved in trying to overcome habit by conscious means, it is likely more
promising to focus instead on replacing one habitual response with another. This involves re-
associating the same cues with new responses thus short-circuiting pre-existing cue-response links.
Replacing habits can be achieved in the same way that the original habits were established: through
repetition of the desired behaviour in the presence of the relevant environmental cues (Ouellette &
Wood, 1998; Webb & Sheeran, 2006). With respect to teaching, this would require the repeated use of
a new technique or approach in a realistic (or near-realistic) classroom environment.

One type of professional development which incorporates these features is instructional coaching,
which involves experts working with teachers to develop specific skills in a sustained observation-
feedback-practice cycle (Knight, 2007; Kraft & Blazar, 2017; Kraft, Blazar, & Hogan, 2016).
Coaching often involves rehearsing new techniques in a controlled environment, then implementing
them in a real lesson (often captured on video), then receiving feedback from an observer and then
reimplementing the technique in a subsequent lesson. Interestingly, instructional coaching has been
shown in replicated randomised controlled trials (Allen, Hafen, Gregory, Mikami, & Pianta, 2015;
Allen, Pianta, Gregory, Mikami, & Lun, 2011) and in meta-analysis of causal studies (Kraft et al.,
2016) to bring about changes in teaching practice and improvements in pupil test scores. Of course,
there are many other types of professional development which could incorporate repeated practice in
the classroom environment, but we interpret the literature on instructional coaching as further
converging evidence that habits limit teacher effectiveness - unless they are replaced or overwritten
with new habits.

7. Conclusion

We have argued that growth in teacher effectiveness declines over time in large part because teachers’
practice becomes habitual. That is, practice comes to be triggered automatically by external cues in a
way that is insensitive to goals or payoffs. This argument has been developed through a review of
converging evidence from neuroscience, social science and education literature. We have synthesised
evidence suggesting that teaching is highly conducive to habit formation and that teachers display
characteristic features of habitual behaviour. In addition, we have highlighted how findings from
neuroscience — that a handover of behaviour regulation from a goal directed circuit to a habit circuit
occurs at the point at which performance approaches asymptote — directly supports the interpretation
that teacher learning curves level off because of habit formation. Further, we have presented new data
derived from self-report measures among practising teachers showing that automaticity of behaviour
mirrors these performance asymptotes. In sum, we believe that this converging evidence provides
strong reason to believe that habit formation is an important factor limiting teacher effectiveness.

Having said this, we also acknowledge a number of limitations of the existing evidence. Foremost
amongst these is a lack of direct evidence regarding habit formation and production in teachers. In
particular, although the data presented in Section 5 provides direct evidence on automaticity of
behaviour among teachers, the SRBAI does not capture the other important characteristic of habits:
insensitivity. Future research should explore insensitivity among teachers, either by using alternative
self-report measures or through experimental manipulations, ideally using teachers conducting
teaching-related tasks in classroom environments. A second important limitation of the original data
presented in Section 5 is that it only refers to two specific teaching behaviours/sequences, both of
which relate to behaviour management. Investigating automaticity across a wider range of teaching
behaviours would help clarify whether our findings hold more generally. Understanding which
behaviours are most prone to automaticity and at which point in teachers’ careers this occurs could
have important implications for the design of teacher professional development.

In spite of these limitations, the evidence synthesised here has a number of implications for policy and
practice. Foremost amongst these is that habits may come to lock in certain suboptimal practices,
which have become automatic. We have already discussed the importance of designing professional
development to include repeated practice in realistic settings in order to overwrite and upgrade such



habitual practices. Survey research suggests that much existing professional development does not
currently do this, implying significant potential for improvement. In addition, the article highlights
important tensions between holding teachers and schools accountable for poor performance, and the
potential for them to improve ingrained patterns of practice while under pressure from the
accountability system. It is possible that the stressful nature of very high stakes accountability systems
serves to constrain rather than induce changes in teaching practice. Again, further research is required
to understand the trade-offs involved here. Relatedly, school leaders should be careful not to overload
teachers with administrative or other non-teaching tasks in order to ensure they do not experience
excessive time pressure. Taken together, these implications have the potential to sustain the upward
trajectory of teachers’ learning curves longer into their careers, thus benefiting pupils.
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