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The paper makes use of Michael Faraday’s ideas about learning, in particular his thoughts about attitudes to the 
unknowns of science and the development of an attitude which improves scientific decision-making.  An 
invented scenario involving nursery school children demonstrates some attitudes displayed there.  Discussion of 
the scenario and variation in possible outcomes suggests that Faraday’s views are relevant to scientific learning 
in general.  The main thesis of the paper is that it is central to learning in science to acknowledge that there is 
an inner struggle involved in facing unknowns, and that empathy with the fears and expectations of learners is 
an essential quality if genuinely scientific thought is to develop.  It is suggested, following Faraday, that 
understanding our own feelings while we teach is a pre-requisite to enabling such empathy and that only then 
will we be in a position to evaluate accurately whether or not our pupils are thinking scientifically.

From Faraday to Nursery School: Thinking Scientifically
In 1854, Michael Faraday presented his thoughts on "Mental Education " (Faraday 1859).  I do not have space in 
this paper to recount all he says about values, problem-solving, independent thinking, imagination, speculation 
and responsibility etc., but concentrate on his belief that 'mental education' is a subjective matter, requiring self-
awareness and emotional education.  

In addressing the problem of how to learn science, or how to think scientifically, I attend only to very young 
children and Faraday's thoughts, leaving the reader to think about how the conclusions reached can be applied to 
teaching science at whatever level it is attempted. 

In observing young children, the dilemma of learning science is thrown into sharp relief.  How can anyone, 
surrounded by diversity and confusion and sheer quantity of things to experience, think?  The dilemma is that of 
finding sense where circumstances are complex and we start from not-knowing.  Each individual learning science 
experiences this dilemma for him/herself, even when 'help' is available.

Consider some children playing with bricks in a nursery school.  One child puts bricks on top of each other, 
which soon tumble down.  His teacher praises him, "Why Michael, you nearly built a tower, well done".  
Several children respond, and begin to pile up bricks, with varying degrees of success, before the inevitable 
tumbling down of each pile occurs.  Robert briefly cries, and turns to other toys, but does not play with 
interest;  Michael makes another pile, and knocks it down deliberately before it can fall;  Tommy bangs bricks 
together, defiantly making as much noise as possible;  Peter studies each brick and starts again, placing them 
with care and hunching his body and arms protectively about his pile.  (Inspiration for this illustration was 
found in Salzberger-Wittenberg et al, 1983.) 

These children have each reacted in a personal way to the initial frustration and lack of success in attempting to 
acquire a new skill, inadvertently suggested by the teacher.  

We can imagine school reports much later which say; "Robert gives up easily, lets himself be distracted from 
the task";  "Michael has difficulty in finishing off work; he is often messy and prone to thoughtless mistakes";  
"Tommy is aggressive and cannot accept criticism"; "Peter is conscientious and persistent, but may be over-
anxious when challenged".

The children's attitudes to the complexity of brick-building depend on a multitude of different experiences lodged 
in 'personality'. Personal attitudes are acknowledged as important in classroom communications, although often 
treated as only a social or motivational issue.  It is rare to find 'personal attitude to complexity or not-knowing' 
being included as part of learning the subject.  The outcome of learning, particularly scientific learning, does 
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need to be stated objectively, but learning and teaching, becoming scientific, needs subjectivity.  Attitudes to 
complexity and not-knowing should be central  in thought about learning science.  

This paper, following Faraday's paper, addresses a different kind of knowing from that  expressed in the 'body of 
knowledge'.  To be 'mentally educated' means that one has established an internal attitude to not-knowing, a 
capability and willingness to observe and relate and respond in the face of complexity.  Peter was the only child 
able to look further into the business of tower-building.  He could consider aspects of bricks and their balance on 
each other which were not-known to him and learn something about why and when they stand or fall.

When the change from not-knowing to knowing occurs in a scientist, a Darwin or a Faraday, it is the beginning 
of discovery, existing alongside determination to make connections, and brick-build cognitively.  Being aware of 
what not-knowing feels like, and what it is like to face complexity, allows starting and connecting to happen 
internally.  Both together are scientific capability, an inner bridge used to notice new things or to transfer what 
is known in one context to try out in another, or to give psychological support when frustrated.  Michael 
Faraday’s "Observations on Mental Education", given towards the end of his scientific life, when he was 
renowned as a discoverer and teacher in science, is still one of the most straightforward descriptions I have met 
of how to develop this attitude to learning.

Faraday's 'Mental Education'

Faraday's paper, naturally Victorian in its language, explores the process of forming judgments in scientific 
matters, the topic of science being the one where he considers his experience is sufficient to speak, but he also 
says that the points he makes apply to life in general.  Much of it we would recognize as scientific method, 
'clarity of ideas; consider the matter from every side; precision of language; use of imagination under review and 
comparison with data; acknowledge uncertain, inadequate or missing data; form proportionate judgment; guard 
against presumption; errors of cursory observation and custom'  etc. (see Faraday, 1859, pp. 463 - 491).

However, these recognizable arguments are underpinned with requirements for what he calls ‘mental education’.  
He must have needed his own bridge as he began:

I take courage...to speak boldly that which is upon my mind.  I feared that it might be unpleasant to some of my 
audience..... (p. 463)

... there appears to me to be a great deficiency in the exercise of the mental powers in every direction; three 
words will express this great want, deficiency of judgment.  ..... 

generally, mankind is willing to leave the faculties which relate to judgment almost entirely uneducated, and their 
decisions at the mercy of ignorance, prepossessions, the passions, or even accident.... 

Do not suppose that I except myself... the clear and powerful minds which have realized in some degree the 
intellectual preparation I am about to refer to, will admit its importance, and indeed its necessity; ...they will not 
except themselves, nor think that I have made my statement too extensive.   (p. 465)

This is not false modesty, as in the 'scientific method' parts of the lecture he clearly regards himself as one of 
the 'clear and powerful minds'.  The mental preparation to which he refers does not attack authority in areas 
where it has been earned.  He means that it is an ongoing task, an internal one, and that it can never be finished.

He continued,

..a very large proportion of the errors we make in judgment is a simple and direct result of our perfectly 
unconscious state... (p. 465)
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The meaning of 'unconscious' seems similar to that in psychoanalytic thought today insofar as it is based on 
awareness that what exists unknown to us in emotional states affects and distorts our conscious observation and 
the data which we use for thinking.  Faraday, like therapists today, believed these distortions could be reduced, as 
after some illustrations of errors, he said:

Having endeavoured to point out this great deficiency in the exercise of the intellect, I will offer a few remarks on 
the means of subjecting it to the improving processes of instruction....

.... as the education proposed must, to a very large degree, be of the self,  it is so far incommunicable; that the 
master and the scholar merge into one, and both disappear; that the instructor is no wiser than the one to be 
instructed, and thus the usual relations of the two lose their power... (p. 473)

Therapists might not use the word 'instruction', but they would agree with Faraday's meaning, attending to 
oneself, and with the implication that a small child (Peter) might show as much capability as an adult in 
grappling with the unknown.  It is not years or accomplishments which matter, but attitude, a way of being 
within oneself.  

In the illustrations of 'deficiency', or its opposite, mental education, Faraday used  science and contemporary 
matters (Newton and the laws of gravity, discoveries in magnetism, the 1850's fad for table-turning, and new 
technologies of photography and gas-light, the established techniques of chemical measurement, etc.) to show 
how achievements or failures to achieve are dependent on the subjective experience of the aware person.  Thus, 
he said,

the inclination we exhibit in respect of any report or opinion that harmonizes with our preconceived notions, can 
only be compared in degree with the incredulity we entertain towards everything that opposes them; and these 
opposite and apparently incompatible, or at least inconsistent conditions, are accepted simultaneously in the 
most extraordinary manner... (p. 477)

He then addressed important general issues, such as responsibility and authority, which arise when apparently 
objective statements are made and re-emphasised his main point: 

I will simply express my strong belief,  that that point of self-education which consists in teaching the mind to 
resist its desires and inclinations, until they are proved to be right, is the most important of all, not only in things 
of natural philosophy, but in every department of daily life. (p. 477)

The Victorian language used here should not be misinterpreted, as if Faraday meant that we should repress or get 
rid of our feelings, or as if he put reticence above spontaniety in our relationships to learning or with others.  
The paper as a whole shows this is not what he meant.  

First, other parts of the lecture make clear that he meant "be aware of and attend to feelings", probably privately, 
neither "leave them out" nor "act on them without noticing their effect on belief, thought, decision and 
behaviour".  Thus he considered how much we desire certainty and stressed the feelings aroused when certainty 
cannot be justified:

The mind naturally desires to settle upon one thing or another; to rest upon an affirmative or a negative; and that 
with a degree of absolutism which is irrational and improper.... (p. 482)

This is the kind of desire to be resisted, the desire to act on feeling without realising that the feeling behind the 
action is for a personal need to 'feel-good' rather than continuing to try to understand the complex world.

The selection of quotes below are specific about subjectivity.  Faraday pointed to self, not to others, and 
indicated that feelings are experienced with some intensity and with anxiety, whenever an individual is genuinely 
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facing something to be learnt.

Among those points of self-education.... there is one.... difficult to deal with, because it involves an internal 
conflict and equally touches our vanity and our ease.  It consists in the tendency to deceive ourselves regarding 
all we wish for, and the necessity of resistance  to these desires....... (p. 475)

This education has for its first and last step humility.  It can commence only because of a conviction of 
deficiency; and if we are not disheartened under the growing revelations which it will make, that conviction will 
become stronger unto the end.... (p. 485)

Such self-schooling must continue to the end of life to supply an experience of deficiency rather than of 
attainment, still there is abundant stimulus to excite any man to perseverance.  What he has lost are things 
imaginary, not real; what he gains are riches before unknown to him, yet invaluable.... (p.485)

The deficiency is known hypothetically, but I doubt if in reality; the individual acknowledges the state in respect 
of others, but is unconscious of it in regard to himself. (p.489)

Avoiding or Facing 'Mental Education' 

When teaching, our own feelings may be 'un-ease'.  Awareness of feelings often produces conflict, rather than 
pleasure.  Faraday asks us to suspend the judgement we might desire to make, and persevere to see what might 
be gained.

Consider again the children in the nursery, faced with bricks which fall down.  Underlying each child’s 
behaviour, there may be 'a conviction of deficiency', helpless feelings about not-knowing, or inability to achieve 
what is desired.  To illustrate this, consider what might happen to the children building towers, first with a 
teacher who is unaware that what she desires is only 'good' feelings, not 'bad' ones.

Peter wants to make towers which won't fall.  He is in touch with reality and so feels deficient, maybe anxious 
or uncertain.  Frustration with falling bricks exists along with curiosity and determination to understand bricks.  
He struggles directly with not-knowing (why they stand or fall), and his anxiety is painful to watch.  

The teacher cannot bear the thought of a little child suffering anxiety, she has difficulty enough with her own 
anxious feelings.  She adjusts his pile of bricks, and guides his hand to place the next brick, then, enthuses 
"What a good tower, well done".  Peter knows he didn’t make this tower and learns, "My struggling wasn’t good 
enough, I must try harder".  This teacher cannot bear anger either and says to Tommy, brightly, "Look at Peter’s 
lovely pile".  Tommy, already angry about feeling frustrated, becomes jealous as well as frustrated and is more 
angry than before.  

Peter is actually losing genuine self-confidence and becoming more anxious, about being wrong if you do not 
know, about other people being anxious or angry.  What happens to the other boys?

Robert, who cried, was disheartened under his conviction of deficiency, and played desultorily with other toys.  
Crying brings 'help', soothing distractions or instructions, and he becomes a pupil who makes his teachers 
work.  Spoonfeeding, which is never sufficient, may create a body of knowledge for him, but he never finds the 
autonomous mental energy (his own bridge) which would enable him to learn for himself, until, one by one, his 
'good' teachers, stressed by the demand to provide, are also disheartened.  The 'could try harder' report contains 
the hidden message 'you needn't expect me to do any more!'

Michael, who knocked down his tower before it fell, found a way to restore being powerful, instead of 
vulnerable.  "Bricks are deficient, not ME".  He feels good, has energy, but his emotional energy is spent on 
keeping 'things imaginary': "I am  powerful".  This is a fundamental emotional mistake, masking the 
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discomfort of deficiency.  Most of us can easily connect with the pleasure in it and may miss the despair, which 
increases when he sees how the clever teacher can build towers.  An older Michael may be the 'class clown' 
apparently having a good time, but secretly unable to begin learning and drowning his sorrows in the general 
mess.

Tommy, who stopped trying to build towers and banged bricks together, might have been in better emotional 
shape with 'deficiency' near to awareness.  He was angry and expressed it.  Possibly he was asking for help.  
However he heard that showing feelings was just as 'deficient' as not being able to build towers, and his later 
report says he can't ask for help and is angry at many things.  He is the rebel, other people are wrong.

For Peter, not being powerful is a matter of 'humility'.  He knows he is a little boy, just me, not the master 
tower-builder.  Although uncertain, he 'knows' his eyes see and his hands work, and so he is able to persevere 
and find out more about bricks, and gains 'riches unknown', not just knowledge of bricks, but unspoken 
knowledge that frustration does not equal helplessness.  However, like every learner, he is vulnerable to the 
stress of feeling deficient, it may be wrong to 'not-know'.  From his later report, it looks as if he has become 
very wary of real learning, and drives himself anxiously to collect whatever his teachers give him.  He might 
become a teacher who drives himself anxiously to give to others.

Emotional education does not mean that feelings we actually have are reacted to or expressed without regard for 
the reality of others or the job in hand at the moment, as both Robert and Tommy do, Robert, the wimp, letting 
himself become overwhelmed, Tommy, the rebel, overwhelming others.  Nor does it mean denying them or 
acting so that other feelings take their place, as Michael, the good-time guy or class-clown, did.  Similarly, in 
adult life enormous energy is spent, and stress suffered, and inefficiencies tolerated as we consciously or 
unconsciously keep feelings at bay, just as these children do.  Educating emotions means accepting them, and 
by including them in a more complex response, they are neither indulged, nor unhelpfully expressed, nor denied.

Most importantly, they should not be taken away by another, as I have imagined this teacher doing, when she 
refused to acknowledge the children's genuine experience at that moment and acted as if what was important, 
what was valued, was getting a tower built somehow and feeling cheerful.  Maybe the children think "teachers 
are really keen on big towers of bricks, so they can tidy them up again; what funny people".  The world is less  
understandable than it was before.  Also, each child has to deal with pretence.  All the children know that it is 
not actually Peter’s tower; the teacher made it stay up.  "Maybe grown-ups have a magic way of learning, which 
starts with pretending."  

(Have I ever tried to introduce electrical circuits, as if they were simple?  Was this for pupils  to have a 
manageable experience to think with, or a pretence for me  that teaching would miraculously become simple?)

Suppose the boys had a different teacher.  When Peter’s carefully protected pile of bricks eventually hit the floor, 
each boy was startled by the crash, and in the moment of time that separate activities were interrupted, their 
bodies registered a gamut of varied feelings.  The teacher, equally startled, showed her spontaneous feeling, 
throwing her hands in the air, then saying, with a matter of fact shake of her head, "What a pity!  It is hard to 
keep a high tower steady."  She knows it can be a bit upsetting when a tower falls down, after trying hard to 
build it, but, it is not a disaster either.

Peter, with rueful disgust, said "What a shame, I tried a big one"; Michael, who knocked down his own towers 
before they could fall, realised failure is not tragedy, remembered about 'trying', and said generously "That was a 
pretty high one, the highest"; Tommy, stopped in mid-bang with bricks in hand, realised that 'can't do what I 
want' does not matter so much as asking 'what can I do ?'.  He looked very thoughtfully at the litter of bricks all 
over the floor, and said "There’s enough bricks to make a good garage for the cars".  Robert, not much of a 
talker, felt hopeful again, eagerly cleared a space with his arms, and set a couple of bricks down in the space.  
"We’ll need to use the big bricks first", said Peter, who knows facts about bricks.  He is purposeful, and not 
anxious.  The teacher said, with a warm smile, "Do show me later" and moved away.
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This teacher, now free to attend to other children while the boys are playing, co-operating and learning as they 
go, managed on this occasion with truthful naming of a feeling, which Peter incidentally re-named for himself 
more accurately, substituting 'shame' for 'pity'.  Her empathy was conveyed along with real information at the 
time of disappointed hopes, and the children could absorb that their feelings were in accord with what had really 
happened, freeing their inner resources to make good use of what was provided. 

This version of what might have happened shows that whether we zoom in at the level of a Faraday or of a 
nursery class, even if we want to feel personally at ease and wish that everyone was equally comfortable, we get 
better thinking and motivation towards clarity of thought when feelings are in accord with reality.  
Paradoxically, as soon as a genuine connection is made between the less comfortable feeling and real 
information, the discomfort level drops and curiosity and hope arise!  

The story also shows that making such connections is neither new nor specially difficult, but that it is very easy 
to dismiss the discomfort of inner learning, where not-knowing restarts over and over again, as less important 
than our knowledge based worries and frustrations about curriculum content.  These more external anxieties are 
reduced when pupils are helped to become independent self-motivated learners.

Conclusion

In conclusion, the ‘how’ of becoming 'mentally educated' is not dependent on the 'what'.  It is dependent on the 
person, however young, who does the thinking, being in touch with his/her own feelings, wishes and conflicts, 
and being able to cope with them in relation to external realities.  That is, what happens is perceived, the 
possibilities and constraints at the moment are accepted, some things are known, some unknown.  Pupils 
learning already know that they do not know.  They, and some teachers, may not know that not-knowing is 
essential to being scientific.  By trying to get rid of this essential, and the feelings which belong to it, 
mistaking the structural stages of topics in curriculum for the way to grasp how they are internalised, the facts 
and processes met with become false, as though not-knowing was a problem to be redressed, rather than an 
opportunity at the heart of being scientific.

The innovation is to do as Faraday did, and become steadily and continuously aware of our feelings about our 
own ignorance, so that helping pupils to become genuine learners is not a matter of chance, temporary mood or 
circumstance.  The difficulty often lies in letting the pupil-teacher relationship change, often a matter of un-ease 
for both.  However, in this area we and our pupils function or fail to function, together, as the master and 
scholar merge into one.  Also in this area, you, the reader, may be uncertain, not-knowing how best to convey 
empathy at the same time as you convey information about the topic of the moment.

Faraday throughout declares that mental education is something which is done within oneself.  This and 
uncertainty are recognised characteristics of what would now be called 'emotional education'.  We can add that it 
does not have to be done alone, that others who are also educating themselves, can help very much, as 
unconsciously emotional non-learners absorb the learner's willingness to put up with 'deficiency' and its 
discomforts and, simultaneously, find they too have bridges to 'stimulus' with possibilities of hope, satisfaction 
and gain.  Pupils can be encouraged to share their fears and expectations about their work in an atmosphere 
which considers both to be part of doing the work.

Faraday's closing remarks encourage one to wonder how such willingness would affect the atmosphere and 
quality of thought in one's own classes.

It is an extraordinary thing, that man, with a mind so wonderful .... should leave it to run wild in respect of its 
highest elements and qualities. .... Because the education is internal, it is not the less needful; nor is it more the 
duty of a man that he should cause his child to be taught than that he should teach himself. .... surely a thought 
of the prize should suffice to stimulate him to the requisite exertion:  and to those who reflect upon the many 
hours and days, devoted by a lover of sweet sounds, to gain a moderate facility upon a mere mechanical 
instrument, it ought to bring a correcting blush of shame, if they feel convicted of neglecting the beautiful living 
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instrument, wherein play all the powers of the mind. (p.491)
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