Engagement for learning
Children must engage with the learning opportunities offered by
education if they are to learn. So how does our brain become oriented
towards a potential learning experience—and how can this scientific
understanding of engagement provide insight into effective classroom
teaching?
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Executive summary

Every learner’s brain is different. Students will vary in what most engages their attention and the extent to which they can
control their attention. This makes it important for teachers to monitor engagement and vary their approach.
Teachers employ a variety of tactics that are known to stimulate an “approach” response in the brain. These include
rewards such as praise and tokens acknowledging achievement, novelty, and shared attention. These can release
neuromodulators capable of improving attention and memory.
In contrast, fearfulness can avert attention, and anxiety can diminish a student’s learning by reducing the brain’s ability to
process information.
Engagement and student resilience can benefit from greater awareness that there is no well-defined biological limit to
what a student’s brain can achieve. The brain is plastic, and both teacher and student have an important role in
constructing its function, connectivity, and even its structure.

Learning begins with the engagement of the student’s attention
Effective teaching and learning can be considered to involve:

engagement of the learner’s attention
teacher-guided building of knowledge and understanding
consolidation of learning through application, practice, and reflection

Engagement of a student’s attention is a necessary first step for all learning and continues to be important throughout the
process.
Avoiding anxiety
Effective teachers tend to use management techniques that positively maintain cooperation and engagement in interesting
activities rather than over-emphasise their role as disciplinarians. Unduly harsh or inconsistent approaches to maintaining
order can create anxiety, which can diminish our capacity to learn. Learning requires us to keep a number of different pieces
of information in our conscious attention at the same time, and our ability to do this (our so-called working memory) is limited.
One brain region that is very important for working memory is the dorso-lateral-prefrontal-cortex (or DLPFC). When students
become anxious, studies have shown they become less able to sustain activity in this region of the brain, suggesting less
control over their working memory and a struggle to maintain their attentional focus[2].

Figure 1. The phrase “dorso-lateral-prefrontal-cortex” (or
DLPFC) refers generally to a region at the top of the
frontal part of the cortex and extending over both
hemispheres. It is an important region for working
memory.

Providing positive rewarding environments and interesting contexts
Positive techniques for engaging and managing the class include rewards, as well as novel and engaging tasks and contexts.
Most classroom rewards are social (e.g., praise, gold stars, points) and contribute to self-esteem and social standing. These
types of social rewards influence the brain’s reward system in a similar way to out-of-school rewards and experiences such as
receiving money[3,4], food [5], money[6], playing video games[7], and answering educational questions set in a game-like context
(see Figure 2). Similar regions of the reward system are activated in anticipation of both social and material rewards[3]. What
is meant by the term “reward,” therefore, can be very broad.

Figure 2. Activation in regions below the cortex is
important for our motivation to approach, and
subcortical reward centres have been found to activate
when we are confronted by a diverse range of
experiences such as food and video games. These
reward centres have recently been shown to activate
when answering educational questions in return for
points. (Howard-Jones et al., 2016).

Students can learn by having their attention drawn to what they did correctly (positive feedback) and/or what they did
incorrectly (negative feedback), but younger children’s brains appear to place greater emphasis on the positive, compared
with the negative feedback they receive. In a brain imaging study (see Figure 2), scientists found negative feedback resulted
in greater deterioration in the performance of children (8-9 years) than in the performance of adults[8]. Unlike the adults,
important regions for reasoning and learning in the brains of the children were more activated by positive feedback than
negative, and the improving effect of positive feedback on children’s performance was much greater too. Clearly, younger
children tend to focus more on the positives in order to learn.
A large number of factors influence how the brain responds to reward and many of these vary from one individual to the
next, including age[9], gender[10], impulsivity[11], orientation towards intrinsic compared with extrinsic rewards[12], as well as
hormonal and genetic differences[13]. One should expect, therefore, a wide range of individual differences in response to
reward within a group.
Neuromodulators that help us learn
This activity in the brain’s reward system is not just important for encouraging a student to attend to a learning activity, it is
also known to increase the likelihood of remembering the experience. This occurs through an interaction of reward and
memory circuits thought to involve neuromodulators such as dopamine[14] (see Figure 3). Estimates of this activity have also
been able to predict learning performance in educational learning games[15].

Figure 3. In one study of memory (see FN1), 12 adults
were offered monetary incentives to remember
information. Activation in the brain’s reward system
(related to dopamine uptake) predicted the subsequent
memory performance of a participant [14] .

Novelty
Novelty can also help orient our attention, releasing neuromodulators in the brain that can increase engagement and
promote learning[16]. Novel contexts can help engage students initially with a new topic, or help encourage them to apply and
practice their freshly learnt knowledge in new scenarios—which is important for consolidating their understanding, memory,
and transfer of that knowledge. Topics that engage curiosity have been shown to stimulate activities in the brain’s reward
regions that are very similar to those activated in Figure 2.[17]
Students sharing knowledge
Our motivation to share attention is a uniquely human characteristic and fundamental to many teacher-student interactions.
When self-initiated, it also involves activation of reward-related brain areas[18], attesting to the desirable nature of successfully
prompting someone else to share attention with you. This helps explain how asking students to communicate their ideas in
different ways can engage their interest in their learning, whether through addressing the class or through helping one
another in pairs to master skills. This activation of the reward system for shared attention may underlie how we initially learn
to share attention and learn from observing and listening to others (see Figure 4).

Figure 4. Researchers have shown that infants will occasionally notice a parent looking
towards what he/she is holding, and will then tend to look in that direction. [1] It is known that
in children, as well as adults, spontaneous joint attention activates those brain regions that
process reward and are bound up with our motivation. This may be one of the first and most
important lessons that a child learns—since learning to share attention provides a “platform”
for learning many other things, including language.

Individual differences
Not only is every student’s genetic background different, but our experiences interact with these differences and shape how
our brain is connected, how it functions, and even its structure (see author’s brief, “The Plastic Brain”). So, although the same
general processes explain how our brains work, all brains end up being different from each other, and there are significant
individual differences in our individual response to different types of reward and in what makes us curious. Teachers discover
what engages their students through learning about their interests, their existing understanding, and observing their
responses to different approaches.
Some learners, across their lifespan, generally have more difficulty in focusing their attention on their learning than others.
They show a lack of concentration, short attention span, and physical restlessness. These symptoms can prompt a diagnosis
of attention deficit hyperactivity disorder (or ADHD). These individuals tend to show less activity in brain regions that
anticipate reward[19], helping to explain the difficulties they experience when trying to engage in their studies. This can be very
frustrating for the student, as well as disruptive to others’ learning. In some cases, medication (e.g., methylphenidate) is used
to enhance this response to reward. For the classroom teacher, the research suggests the types of strategy discussed above
can become even more important. Students diagnosed with ADHD benefit from a greater focus on the use of praise, prizes,
and privileges to encourage appropriate behaviours as well as reprimands, and an organized approach to peer-tutoring[20].
Plasticity and a growth mindset
Students’ core beliefs about learning influence their response to challenges. Students benefit from a “growth mindset,” based
on the belief that ability comes about through effort rather than being fixed. This can increase students’ resilience and set in
motion positive recursive cycles that increase success over time. Interventions that improve student awareness of the
plasticity of the brain, and their role in constructing their own abilities, have been shown to improve their growth mindset and
their persistence in their academic studies, reduce dropout rates[21], and improve self-concept and academic outcomes[22].
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FN1. Figure drawn from Adock et al. (2006) in which the percent change in blood oxygenation level-dependent (BOLD) signal
in the right ventral tegmental area (VTA) during the interval when the stimulus was presented for recognized versus
forgotten high-value content against each individual subjects’ high-conﬁdence recognition rate corrected for high-conﬁdence
false alarm rate.

