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Executive summary
This paper explores what research indicates about people’s understanding and
misunderstanding of Deep Time; examines some of the issues raised in the learning
research literature, and highlights implications and recommendations for our practice
in engaging museum audiences in learning about Deep Time.
Key points emerging include:
•

Appreciation of Deep Time is foundational to our full understanding of life’s origin
and diversification.

•

There is widespread difficulty understanding events or objects at scales that are
very different from those that we experience with our senses.

•

People tend to have a poor understanding of large numbers. Many people do not
have a firm grasp on the powers of 10, and the relationship among numbers such
as 1, 1,000, and 1,000,000. People also struggle to distinguish between millions
and billions.

•

People are confused when attempting to understand the evidence of deep time
provided by vertical geological strata while also interpreting evolutionary events
on a horizontal time line.

•

Some religious beliefs promote views that are counter to the scientific concept
of Deep Time. For example “Young Earth” creationists believe Earth is only a few
thousand years old.

•

Introducing learners to both relative and absolute conceptions of Deep Time is
important; that is, events in relation to each other on a time line, and the overall
scale of geological time in millions of years.

•

Understanding of Deep Time is part of a wider cognitive development; the
development of an understanding of scale. Learning experiences should move
from the concrete to the abstract via a set of skills for comparison and relating
items together.

•

In order to understand the huge scale of Deep Time, learners need to identify
reference points, ‘conceptual anchors’ in Earth’s history.

•

Out of school experiences can be powerful experiences leading to new or
growing understandings of scale, including an appreciation of Deep Time
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Introduction
This paper is intended to inform colleagues about research on what people
understand and misunderstand about Deep Time; explore some of the issues raised
in the learning research literature, and highlight implications and recommendations
for our practice in engaging museum audiences with learning about Deep Time.
The literature reviewed for this paper indicates that understanding the concept of
Deep Time is central to many areas of science. Some researchers go further and state
that a failure to understand the scope of Deep Time presents the student of science
with critical barriers in progressing their studies across a broad spectrum of scientific
research.
Cotner, Brookes and Moore (2009) state:

“Not only is an appreciation of Deep Time foundational to our full
understanding of life’s origin and diversification, it is a critical
concept for understanding geology, physics, and astrophysics.”
Trend (2010) claims that:

“Deep Time is a foundational concept without which much of
geoscience, evolutionary science, as well as climatology, become
incomprehensible. A lack of understanding of Deep Time is a ‘critical
barrier’ to progress in these areas of science.”
Dodick and Orion (2002) agree, saying:

“Any student that wants to master any of these subjects (geology,
cosmology, evolutionary biology) must first have a good
understanding of ‘Deep Time’”.
Jones and Taylor (2008) position the concept of Deep Time within the broader
concept of scale, with their work covering linear scales of distance, temperature
and others as well as time. They quote scale as “one of four major interdisciplinary
themes that have been identified by the American Association for the Advancement
of Science’s benchmarks for science literacy.”
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Definitions
•

Deep Time: Deep Time is the concept of geological time. The modern scientific
concept was developed in the 18th century by Scottish geologist James Hutton
(1726–1797) (Kubicek, 2008).

•

The geological time scale (GTS): A system of chronological measurement that
relates stratigraphy to time, and is used by geologists, palaeontologists, and
other Earth scientists to describe the timing and relationships between events
that have occurred throughout Earth’s history. Evidence from radiometric dating
indicates that Earth is about 4.5 billion years old. The geology or Deep Time of
Earth’s past has been organized into various units according to events which took
place in each period. Different spans of time on the GTS are usually delimited by
changes in the composition of strata which correspond to them, indicating major
geological or paleontological events, such as mass extinctions. For example, the
boundary between the Cretaceous period and the Paleogene period is defined
by the Cretaceous–Paleogene extinction event, which marked the demise of
the non-avian dinosaurs and many other groups of life. Older time spans which
predate the reliable fossil record (before the Proterozoic Eon) are defined by the
absolute age (Dalrymple, Brent, 2001).

•

Order of magnitude: If numbers differ by 1 order of magnitude, x is about ten
times different in quantity than y. If values differ by 2 orders of magnitude, they
differ by a factor of about 100. Two numbers of the same order of magnitude
have roughly the same scale: the larger value is less than ten times the smaller
value.

•

Principle of original horizontality: Rock layers originally form as horizontal
layers.

•

Law of superposition: Oldest rocks are originally situated at the bottom and
newer or younger rocks are layered above.

•

Law of uniformitarianism (sometimes called` uniformity): The notion that
the same processes we see today (for example erosion and deposition) were
operative in the past with similar results; that we can use the present as a bench
mark for the past.
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Reported understanding and
misunderstanding of Deep Time
Thinkers in the field point to the difficulty of understanding events or objects at scales
that are very different from those that we naturally experience with our senses. For
example, Richard Dawkins (2006) and Charles Darwin (1859) both reflect upon the
difficulty of appreciating Deep Time:
Richard Dawkins in a TED talk in 2006 argues:

“Our brains evolved to deal with problems within the orders of size
and speed which our bodies operate at.”
Darwin in the first edition of On the Origin of Species writes:

“What infinite number of generations, which the mind cannot grasp,
must have succeeded each other in the long roll of years.”
There is a lot of research concerning people’s poor understanding of large numbers,
for example, research on the Trail of Time exhibit at the Grand Canyon in the USA by
Karlstrom, Semken et al. (2008) found that writing the word million or billion was far
more easily understood by visitors than all the zeros. Their four years investigating
public responses to timelines concluded that:
•

Using calendar time is a mistake. Many visitors, including some Geology students
had difficulty with the apparent ‘reversal’ of time at the year 0.

•

Visitors understood and could navigate the logarithmic scale employed by the
Million Years Trail.

•

Numbers involving millions and billions needed to be rendered as words on
timeline signage as many visitors simply ‘got lost’ in the zeros and could not tell
one from another.

•

Visitors preferred numbers involving hundreds or thousands to be expressed as
numerals.
In the UK there is concern about the absence of a solid Deep Time component within
the school curriculum. Trend (2010) indicates that without this, it is difficult to fully
understand evolution; and reports a significant dearth of material on Deep Time
within the field of popular science, and in science textbooks. This lack of presence is
also evident in psychological research where investigations of children’s conceptions
of time tend to be limited to time on a human scale (seconds, minutes, hours, years).
Piaget’s (1969) seminal study of “The Child’s Conception of Time” is only concerned
with this scale of ‘lived’ time. Dodick and Orion (2002) reiterate this point: “It should
be noted however, that all pure psychological studies have tended to restrict
themselves to scales of no more than years” rather than, for example, decades or
centuries.
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Trend’s (2010) research with 17 year olds in the UK reveals a wide range of
misunderstandings of the sequence of geo-events:
•

62% of his sample named the big bang as an event occurring ‘just before the
formation of the Earth.’

•

90% recognised continental fragmentation as an important Geo-event, but only
8% mentioned continental coalescence.

•

All respondents showed a marked focus on species gain over geological time in
their responses with hardly any mention of species loss (i.e. extinctions).

•

There was no evidence of understanding of the origins of Earth materials such as
rocks or fossil fuels.

•

There were major misconceptions connected with contemporaneity of dinosaurs,
woolly mammoths, and the ice ages.

•

The ice age is confused with a cooling climate and the cooling climate associated
with the extinction of the dinosaurs.
Trend also worked with 10-11 year olds (Trend 2007), who sorted event cards into a
sequence. He found:
•

An inability to distinguish between millions and billions.

•

The placing of the big bang relative to other geo events causes the greatest
disagreement amongst children. Trend theorises that many will not have heard
the term and have therefore responded randomly.

•

There is considerable uncertainty about the first rocks, and the formation of these
is well separated from the first volcanic events.

•

There is no good correlation between the formation of the earth, the first rocks,
the first volcanoes and the first life.

•

Children were united in the knowledge that the continents move.

•

Evidence that children think that the big bang is synonymous with the asteroid
collision that killed off dinosaurs.

•

No evidence that children this age confuse the contemporaneity of humans and
dinosaurs.

•

The ice age produces great disagreement, but that it is seen as synonymous with
what killed off the dinosaurs.
Testing with visitors, of a timeline of Earth’s history at the Natural History Museum,
London (Hobson, 2015) found that while visitors know of the mass extinction of the
dinosaurs and some can place this event at around 65 million years ago, none of
the visitors surveyed knew that there have been five mass extinctions in the Earth’s
history.
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Front end visitor research for the 2014 NHM exhibition Britain: One Million Years of
the Human Story (Fisher 2011) found that adults surveyed struggled to conceptualise
the differences in Britain between 10,000 and 800,000 years ago. In terms of their
mental images of human life in Britain, there was no functional difference. In order
for people to grasp the flow of time, some demonstrable change is needed, stories
about the cultural evolution of humans, information about and representation of the
succession of climates, geography and biology over this period. Another finding was
that audiences do not seem to make a clear distinction between named civilisations
and ‘pre-civilised society’. Within pre-civilised society, ideas about fire, agriculture,
dwellings, weapons and society all seem to be lumped together as far as chronology
is concerned.
Another issue to consider when presenting concepts of Deep Time is that visitors
have difficulty making the link between vertical strata of rocks as evidence for the
passing of large spans of time, with a horizontal representation of this timescale on a
timeline (Karlstrom, K Semken, S 2008).
Finally, it is worth noting that some religious beliefs promote views that are counter
to the concept of Deep Time. For example “Young Earth” creationists believe Earth is
only a few thousand years old (Zen, 2001, p. 8).
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Implications for practice
Research suggests that the following factors are important in helping to build
understanding of Deep Time:

Exploring both relative and absolute conceptions of time

There is evidence that it is important to introduce learners to both relative and
absolute conceptions of Deep Time; that is, events in relation to each other on a time
line, and the overall scale in millions of years.
Trend (2010) concludes that relative timings are more important and useful to
students and teachers than absolute measures of Deep Time (i.e. the dates). He
states that the “ubiquitous timeline of the classroom may be appropriate for
historical information, but not for geological or cosmological dates and durations.”
This conclusion is supported by work from Libarkin et al (2007), who found that
college students were competent at arranging events in geological time in the correct
order, but had little accuracy with the intervals between events. This point is further
supported by the respondents to enquiries by Jones and Taylor (2009), who found
that their panel of experts frequently used fixed marker points (which the researchers
termed ‘anchor points’) as referents when working with reality at different scales,
and concluded that “the introduction of an absolute Deep Timescale serves to
confuse rather than clarify respondents’ perceptions of Earth history. A focus on
relative time is likely to pay more dividends.” Similarly, Zwart (1976) suggests that
the development of human temporal understanding lies in the ‘before and after
relationship’.
Other researchers, however, have gained success with absolute representations of
geological events and periods on timelines. The experimental research of Semken
and Dodick (2009) found that visitors were able to understand and navigate the 136
metre Trail of Time at the Grand Canyon, USA, so long as it was clearly labelled and
visitors were encouraged to locate a few meaningful, contextualised events (such
as their own birthdate and major historical and geological events) on the timeline as
they traversed it.
Dodick & Orion (2003) note that it is necessary to understand three cognitive
dimensions for understanding Geologic time:
1)	Know that processes and changes that happen in the present can apply to
understanding a past transformation (the Law of Uniformitarianism).
2)	Comprehend the sequential ordering of those changes (the Law of
Superposition).
3)	Understand connections between successive stages of a transformation.
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Recognising that Deep Time is part of a larger issue: Scale

Research suggests that the development of an understanding of Deep Time is part of
a wider cognitive development of an understanding of scale; that we are faced with
many of the same difficulties in coming to an understanding of Deep Time as we
encounter in our understanding of other scales, such as the very big (the Universe) or
the very small (an atom).
Jones and Taylor (2008) have constructed a descriptive trajectory in the development
of skill using scale, from Novice, to Developing, to Experienced. This model describes a
move from dealing with the concrete to the abstract via a set of skills for comparison
and relating items together.
Novice

• Developing measurement estimation skills
• Conceptualising relative size
• Using measurement tools skilfully
• Development of number sense

Developing

• Converting measurements and scales
• Surface area to volume relationships
• Being aware of changing scales
• Using body rulers for measurement and estimation
• Visualising scales
• Using different types of scales
• Development of proportional reasoning; visual spatial skills

Experienced

• Automaticity and accuracy
• Creating reliable scales
• Relating one scale to another Developing accuracy in
using scales
• Applying ‘conceptual anchors’ when estimating scale
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Developing reference points or ‘anchor points’

In order to understand the huge scale of Deep Time, learners need to identify
reference points, ‘conceptual anchors’ in Earth’s history.
Jones and Taylor (2008) collected data from 50 respected experts all of whom
use scale in their work. These individuals included architects, muralists, painters,
Nobel laureates, ecologists, astronomers, chemists and chefs. They asked this set
of specialists to recall events and activities that contributed to the growth of their
expertise in using scale in their professional lives. They found that:
•

Many cited memorable anchor points and body rulers for making scale
judgements – for example, the size of a red blood cell, or the density of water
were used as reference points.

•

Other examples were drawn from personal experience such as the climate
scientist who judged the ferocity of all hurricanes against the strongest hurricane
that she had ever experienced personally.
Analogous findings in the specific context of Deep Time are reported by Semken,
Dodick et al (2009) regarding the Million Year Trail at the Grand Canyon. In their
experiments they found that locating personal events on a geological timeline,
such as the visitor’s own birthdate, supported visitors in their test sample to better
understand and decode the rest of the timeline.
Out of school experiences are more memorable than those in school
Out of school experiences, especially those involving physical movement or activity
are cited in the literature as being powerful experiences leading to new or growing
understandings of scale, including an appreciation of Deep Time.
Zen (2001) reports considerable success in developing a better understanding of
Deep Time with teachers via a field trip that approached local geological features
and landmarks through the lens of Deep Time.
Jones and Taylor (2008) are led to a similar conclusion through their work on
developing an understanding of scale. They found that:
•

Out of school experiences, especially those involving physical movement or
activity were cited by the majority of their respondents as their most powerful
experiences leading to new or growing understandings of scale.

•

Building hobby models (e.g. model aircraft) or other ‘real’ structures (e.g. dog
houses) were recalled as important activities that promoted understanding
of scale.

•

Quiet observation and reflection of large scale things (e.g. a museum exhibit) was
recalled as impactful and effective in promoting scale thinking.

•

Studying, reading and creating maps were cited by 10% of the sample.
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