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Abstract

Geological time (deep time) is important for many reasons, not least because it provides the long-term context for environmental change which currently attracts so much attention (and action). It is important for other reasons, including the fact that it represents, perhaps, the single most distinctive concept of the discipline of geology, giving a logical timescale to many Earth processes and events.  Despite the widely accepted importance of deep time across society, it does not figure large in UK school curricula and there are widespread misconceptions among teachers and students. It appears that deep time is a conceptual barrier: failure to grasp it securely results in repeated failure to engage further with wider geoscience concepts.

Children have geoscience interests which can be robust and long-lasting (“individual interest”, in the field or topic) or it can be more transient and temporary (“situational interest”, in the immediate context). “Topic interest” is more complex.  Teachers need to investigate their students’ geoscience interests, notably those with deep time aspects, in order to exploit them educationally. 

Over several years empirical research has been undertaken among UK children of various ages between 10 and 17 years and among trainee and serving teachers, both primary (5 to 11 years) and secondary (11 to 16 years), in order to probe their perceptions and conceptualisations of deep time and their geoscience interests.  Results of the deep time perception studies suggest, among other things, that most subjects perceive past Earth events as occurring in several distinct clusters of time, such as “Extremely Ancient” and “Geologically Recent”, but there is total confusion beyond that approximate clustering.  The introduction of an absolute timescale results in learners engaging less accurately with Earth history.  Results of the interests study show an overriding geoscience interest among girls and boys for environmental change which has an impact on human futures. Further findings are that boys have a keener interest in spectacular and catastrophic geo-events than do girls and that there is consistent interest in Earth’s deep (but gentle) history.

The implications of these findings for geoscience teachers and for teacher educators and other educationalists are discussed.            

Part One: Introduction
Deep Time

Geological time is often claimed to lie at the heart of geology, being one of the few defining concepts for the discipline (Kitts, 1977, Albritton, 1963, Whewell, 1837). However, geological time (or "deep time" of McPhee, 1981) in UK school curricula is rarely presented as such a fundamental concept and, indeed, is often avoided or ignored by curriculum planners and teachers. At best, geological time is included as one geological topic alongside dozens (or hundreds) of others.  Rarely is deep time presented as an all-pervasive and underpinning concept which can constitute a framework for wider geoscience learning.  Elsewhere I have argued that UK society has a vicious cycle in place, with a collective avoidance of the concept (Trend, 1998).  Teachers in general have an insecure grasp of deep time so this insecurity is transmitted to their pupils who then similarly fail to develop a sound conceptualisation (Trend, 2002, Trend, 2001c). What is needed is a curriculum which includes a carefully-articulated framework of key Earth events, drawn from Earth’s deep history, so that children can develop progressively a secure grasp of the timescales involved, both relative and absolute. 

I make the proposition that deep time constitutes a critical barrier to wider geoscience learning among children, teachers and the wider community.  Clement, Brown and Zietsman (1989) proposed the idea of  “anchoring conceptions” (“anchors”) which refer to students’ existing conceptualisations which are “in rough agreement with accepted physical theory”, i.e. they are “out there” among the learners to be uncovered by the researchers. They comprise the concepts that the children have already “got right”. Two decades earlier Ausubel (1968) discussed the importance of these anchoring ideas in the learning process, noting that “one obviously important variable affecting the learning and retention of new, logically meaningful material is the availability in cognitive structure of specifically relevant anchoring ideas at a level of inclusiveness appropriate to provide optimal reliability and anchorage”.  Schoon & Boone (1998) identified some concepts as “critical barriers” which are associated with restricted learning. Failure to grasp these key concepts gives rise to an insecure cognitive structure that in turn destabilizes or constrains subsequent learning of related concepts.  In the deep time research summarised briefly below the “anchor” geo-events which might comprise the curricular Deep Time Framework (DTF) are not necessarily fully grasped by the learner at the outset: they are closer to the “critical barriers” of Schoon & Boone than to the “anchors” of Clement, Brown & Zietsman. However, it is important that these concepts are fully grasped by the teacher if powerful and meaningful learning is to take place for the child.  Evidence suggest they are not widely understood by teachers. The label “pivotal” is more appropriate than “critical” and I have developed a proposal for a DTF of Pivotal Geo-Events elsewhere (Trend, 2001a).   

A secure grasp of deep time is not important merely for children’s initiation into the scientific and historical aspects of their culture: it is important so that they can develop a more complete understanding of the current environmental crisis, as the late Stephen J. Gould consistently reminded us (Gould, 1990, Gould, 1987, Gould, 1986). People need a grasp of the deep time perspective in order to understand and participate in debate concerning environmental change. The deep time perspective needs to be introduced into such debate more fully, to enhance society’s grasp of environmental issues and enable them to participate in the democratic process from a better-informed position.  For this reason, research into people’s understanding of deep time forms the first part of this paper. 

Interest

Given the significance of deep time discussed above, how can we, as teachers, capitalise on children’s existing geoscience interests in order to make our geoscience teaching more effective, and what is the nature of children’s deep time interest?  This is the focus of the second part of this paper.  We can learn more about children’s geoscience interests by drawing on the vast amount of interest-focused research done in recent years (Renninger, Hidi and Krapp, 1992, Hidi and McLaren, 1991, Hoffman, Krapp, Renninger and Baumert, 1998, Boekaerts and Boscolo, 2002). This large and expanding research literature suggests that “interest” is a multi-dimensional construct comprising at least two main facets: individual and situational interest. 

The first, individual interest, deals with the interest held by learners which they bring to any new learning experience. Typically this interest is personal, robust, long-lasting and often wide-ranging.  Schiefele conceptualises it as “a domain-specific or topic-specific motivational characteristic of personality, which is composed of feeling-related and value-related valences” (Schiefele, 1992 p. 154).  Ainley, Hillman and Hidi (2002) define individual interest succinctly as “relatively stable orientations that have developed over time” (p. 412). Hidi and Harackiewicz (2000) describe it in more detail: “a relatively stable motivational orientation or personal disposition that develops over time in relation to a particular topic or domain and is associated with increased knowledge, value, and positive feelings” (p. 152). 

Individual interest develops over months and years as a result of life experiences and, perhaps, innate preferences.  The geoscience interest research discussed below probes children’s individual interests on the assumptions that (i) they arise from prior learning and engagement with concepts and (ii) they are currently perceived by the children in terms of their stored value (affective) and their stored knowledge (cognitive) (Renninger, 1992).  The idea that children confer value on their acquired individual geoscience knowledge and interest has important implications for their future learning activities, their cognitive growth and, indeed, their teachers’ professionalism.

Situational interest, generating its distinctive “interestingness” of learning environments, (Hidi and Baird, 1986, Krapp, 1989) refers to the learning activities: the situation, environment or learning context in which the pupil finds him/herself.  Chen, Darst and Pangrazi (2001) define situational interest as “the appealing effect of an activity or learning task on an individual, rather than the individual’s personal preference for the activity” (p. 384). Mitchell articulates situational interest as “an interest that people acquire by participating in an environment or context” (Mitchell, 1993 p. 425).

The research summarised in the second part of this paper probes children’s geoscience topic interest, where “topic interest” is represented as an amalgam of individual and situational interest. The focus on children’s interest deep time is significant.

Part Two: How do children and teachers perceive deep time?

The Deep Time Research
I have carried out much research into understanding of deep time across UK society (Trend, 2003, Trend, 2002, Trend, 2001b, Trend, 2001c, Trend, 2001a, Trend, 2000, Trend, 1998). Ten research instruments have been used with four categories of people: 

1. Children aged 10 and II years

2. Students aged I 7 years

3. Trainee (pre-service) Primary Teachers

4. Serving (in-service) Primary Teachers
Each research instrument is described briefly below.

Major Usage

•
Card-sorting: geo-event sequence

•
Questionnaire

•
Responding to objects

•
Concept mapping

Minor Usage

•
Card-sorting: sentence

•
Listing geo-events

•
Generating questions

•
Improving a picture

•
Quiz

•
Unstructured group discussion

Card -sorting: geo-event sequence (major usage)

I used card-sorting to investigate people’s ideas about the sequence of major geo-events through deep time. I developed two versions of the card-sorting task. In the first version, I gave each respondent 21 orange cards, each card showing a single geo-event such as Earth’s crust formed, woolly mammoths became extinct and Atlantic Ocean start​ed to open. Each card included an identification code (e.g. AO for Atlantic Opening and BB for Big Bang). I asked respondents to sort the cards into sequence according to the relative time of occurrence and to record that sequence on paper using the code letters. With this version of the card-sorting task it was only the sequence of geo-events which mattered: no dates were involved.

In the second version of the card-sorting task I gave each respondent a set of 21 green cards, identical to the orange cards described above, but with an additional large turquoise card base sheet which showed the geological time scale in 40 units of unequal duration, subdivided by date-specific statements such as:
•
0 years ago (Present Day)

•
1,000,000 MYA: i.e. 1 million million years ago
•
older than this: please state.

I asked respondents to locate each green geo-event card at the appropriate point on the turquoise time-scale and to record those locations on a paper copy of the timescale using the codes as usual. Clearly, in contrast to the orange version, this version included a numerical geological timescale.

Questionnaire (major usage)
I used a four-page questionnaire with teachers and student-teachers for three reasons: to probe their perceptions of geoscience; to determine classroom experiences of geo​science, and; to investigate their ideas about the sequence of major geo-events through deep time. It comprised three main blocks, each comprising 20 questions. The first block of 20 was designed to measure respondents’ personal interest in geoscience and consisted of 10 time-specific items (e.g. Dinosaurs and their extinction) and 10 largely time-inde​pendent items (e.g. Rocks, local or otherwise). The 5-point response scale was defined by two end points:

Point 1 Personally, / dislike this topic; I have no interest in it whatsoever; I have no enthusi​asm for it; I have no wish to learn more about it (but, of course, I would if it were essen​tial for the curriculum).

Point 5 Personally, I enjoy this topic very much; I have great interest in it; I have great enthu​siasm for it; I am keen to learn more about it.

I designed the second block of 20 questions to assess the extent to which those same 20 topics were encountered in classrooms: it was identical to the first block of questions, but with a different response scale, the two end points being:

Point 1 This never crops up in my teaching. Pupils never men​tion it.

Point 5 This crops up in my classroom very often. It is in the curriculum and pupils often mention it.

The third block of questions comprised 20 geo-events similar to those used for the card-sorting tasks. Respondents had to state the time of occurrence for each one. The a nine-point response scale was as follows:


A.
Less than one thousand years ago

B.
Between 1,000 and 100,000 years ago

C.
Between 100,000 and one million years ago

D.
Between one million and 10 million years ago

E.
Between 10 million and 100 million years ago

F.
Between 100 million and 1,000 million years ago

G.
Between 1,000 million and 5,000 million years ago 


H
Between 5,000 million years and one million million years ago

I.
More than a million million years ago

Responding to objects (major usage)

I used a “responding-to-objects” task with teachers and stu​dent-teachers to compare their perceptions of history and geology. I arranged for them to sit in a circle around a central table, and then asked them to examine the following six objects on the table.

Object A
Victorian Brass bed-warming pan with wooden handle

Object B 
Fossil (Jurassic) ammonite (Hildoceras)

Object C 
Early Twentieth Century flat-iron with trivet

Object D 
Fossil (Carboniferous) fern frond (Alethopteris)

Object E
Early Twentieth Century aluminium hot-water bottle with knitted cover

Object F
Ripple marks preserved in sandstone (wave​length about 5 cm)

I briefly described and named each item in turn. Each speci​men was of high quality with clearly-visible features. I invited respondents to imagine that one of their pupils had brought the object into the classroom and that they, the teacher, had unlimited time (laughter all round!) to respond, with the sole purpose of furthering the child’s knowledge, understanding and curiosity. I asked respondents to record on paper as many possible responses as possible, including at least one response for each object. They were then free to focus on some objects more than others: the choice was theirs. They were guided to brainstorm and to record their possible responses as separate items.

Concept mapping (major usage)

I used this popular instrument with the post-16 students, working in pairs, to probe their perceptions of geoscience phenomena in general and deep time in particular. Each pair was provided with a large blank sheet of paper and 24 cards, each stating a geo-event (18 cards: e.g. Big Bang) or a date (6 cards: e.g. 100 million years ago). After appropriate training they were asked to construct their own concept maps by arranging cards, securing them with blutack, and writ​ing linking statements on the base sheet to show their knowl​edge and understanding (Novak, 1998).

Card-sorting: sentence (minor usage)

I used this card-sorting test with 10- and 11-year-olds to probe their conceptions of geoscience phenomena. I asked them to work in pairs. I gave each pair of chil​dren 13 red cards and 9 blue cards. Each red card had a sin​gle geoscience phenomenon written on it, e.g. coasts, dinosaurs and volcanoes.  Each blue card contained a clause which could be used to link two red card phenomena.  Examples of blue cards are lived after, happened before and are made from.  I asked the children to arrange the cards into red-blue-red sentences which made sense to them.

Listing geo-events (minor usage)

I used this instrument to find out about the range of geo​events which figured in young people’s minds. It was impor​tant that they started with a clean slate and received mini​mum prompting. I asked respondents to write a list of major events which they thought had happened in or on planet Earth from just before the formation of planet Earth to the first appearance of humans. I gave them detailed instructions oral​ly and again on their record sheet, including the request to “try to include geo-events which deal with each of the following:

· Life: plants, animals, life in general, etc.

· Climate, weather, the atmosphere etc.

· The Earth’s major surface features: conti​nents, ocean basins, mountain chains etc.

· Smaller surface features: landforms

· Materials which make up the Earth’s crust: rocks, minerals etc.”

I gave dinosaur extinction as an example of a major geo-event. It is important to note that the results of this open-ended instrument were intended to provide insight into young people’s general awareness and priorities, regard​less of possible sources.

Generating questions (minor usage)

I used this research instrument with 10- and 11-year-olds (Year/Grade 6) on the assumption (White and Gunstone, 1992) that the quality of question generated about a topic reflects the respondent’s depth of knowledge and level of understanding. I presented the children with a selection of good-quality and stimulating geological specimens and asked them to write some questions about them. I used brief discussion to arouse curiosity and to stimulate their thoughts. I used the test specifically to investigate children’s perceptions of deep time by noting the frequency of time-related questions, such as “how old?” and “when made?”

Improving a picture (minor usage)

I used this technique with the same rationale as the previ​ous technique. I gave each 10- and 11-year-old child a large, full-colour geoscience illustration and an accompanying out​line sketch of the same picture. I asked them to write ques​tions on their outline, the answers to which would improve the interest of the picture.

Quiz (minor usage)

I ran this as a formal test with the Year 6 pupils, asking them to write their answers on paper in response to the questions which I read to them. Questions dealt with the relative tim​ing of selected geo-events such as human first appear​ance, dinosaur extinction and formation of planet Earth.

Unstructured group discussion (minor usage)

I designed this as a very open technique to identify areas which I might have failed to address. Seated around a table with 4 or 5 Year 6 pupils I stimulated discussion about deep time and geo-events and then allowed the children to contin​ue talking to each other, with minimum input and guidance from myself.

Selected Results: Deep Time Research 
Deep Time Research Finding 1: Distinct Time Categories

Respondents perceive geo-events as occurring in a small number of dis​crete time categories which for most adults may be labelled: Extremely Ancient; Moderately Ancient; Less Ancient; and Geologically Recent. The 10-and 11-year-old children seem to use just two categories: a very early time (Extremely Ancient) and a more recent one (Less Ancient).  All events in their Extremely Ancient category are concerned with the genesis of funda​mental units: planets, stars and the Universe and those in their Less Ancient category with changes affecting those bodies. The serving and trainee primary teachers make use of at least three deep time categories (see Figure 1), the intermediate ones being associated with geo​events such as first appearances of various taxa.

Figure 1.   Deep Time Categories for Primary Teachers 
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Although there is very clear clustering of geo-events, there is confusion over rela​tive timing within each time cluster. For example, there is clear agreement that six events occurred very early: Big Bang; Sun formed, Earth formed; Earth’s crust formed; first rocks; Earth’s moon formed.  However, there is strong disagreement within this Extremely Ancient cluster over the relative timing of these six events. 

Results suggest that the personal schemas developed by respondents for dealing with geo-event sequence have some parallel with the stratigraphical column. Most of the Extremely Ancient events occurred during the Archean, the Geologically Recent during the Quaternary (and Pliocene) and the remainder between those two extremes. Perhaps teachers may wish to capitalise on this loose link as they design learning activities in Earth history.

Deep Time Research Finding 2: Geology or History?

Serving and trainee primary teachers showed that they are far more com​fortable with history than with geology. Their responses for the three history objects were far more creative than were those for the geology specimens; and more numerous too. Respondents were more confident with history than with geology and were able to take children well beyond the immediate. They were more ready to steer children towards linking the present with the past using the history objects than they were with the geology specimens, although there was a slight bias in favour of geology when it came to “how old?” type questions.

Deep Time Research Finding 3: Classroom Encounters and Personal Interest

There was a positive correlation between serving teachers’ Interest and Encounters scores, indicating a healthy tendency for teachers to be interested in the geoscience topics encountered in the classroom.

Three items generated high Interest and high Encounters scores (high/high) across both serving and trainee primary teachers:

· Origin of the Solar System, with its sun and orbiting plan​ets

· Earthquakes

· Volcanoes and volcanic eruptions
These three items may be representative of the geoscience which pervades UK society as a whole and with which primary teachers feel relatively secure. Although none of these three items figures in the National Curriculum at Key Stages 1 and 2 (5 to 11 years), there are close NC links with this material and it figures explicitly at Key Stage 3 (11 to 14 years). At the other extreme, two items generated low/low scores among

serving teachers: mountain chains and the history of geological ideas, although student teachers expressed rel​atively keen interest in the history of geological ideas.  Only one item holds high interest for serving teachers but is relatively rarely encountered in the classroom: changes in global climate through geological time. Perhaps this might provide a stimulus for INSET

Finally, two items which are relatively unpopular with serving teachers figure commonly in the Key Stage 2 classrooms:  rocks and minerals/crystals.  It is likely that the occurrence of such items in the classroom arises from the imperative to engage children with a range of diverse materials and natural objects, whether or not teachers have any personal interest in them. Furthermore, rocks figure in the Key Stage 2 National Curriculum.  The fossils item stimulates a similar response, but not so extreme: very high Encounters but intermediate for Interest. Given that rocks, minerals and fossils comprise some of the basic objects of geoscience and provide important evidence (for deep time events, processes and environments) which children can investigate, further research is needed to identi​fy the reasons for teachers’ low interest levels and the impli​cations of this for their teaching.

Deep Time Research Finding 4: Open Agendas for 17-year-olds

Sixty two percent of the 17-year-olds named Big Bang as a major geo-event occurring since Earth was formed and eighteen percent linked Big Bang directly with the for​mation of planet Earth. Such confusion over the temporal relationships of these two major geo-events matches that reported for 10- and 11-year-old children and both trainee and serving teachers.

One half of all their named geo-events related to life, the emphasis being on first appearances followed by evolutionary change rather than on taxa disappearance.  Extinction was men​tioned only by 7 (of 50) respondents and informal phrases such as “wiped out” and “killed off” were used only 8 times. Extinctions, either mass or background, do not figure largely in young people’s perceptions, despite the high profiles across society of dinosaur extinction and biodiversity.

The Ice Age (Quaternary?) was ranked 8th. The concept-map​ping instrument generated 100 links between Ice Age and other geo-events, 39 of them correct, 49 incorrect and 12 strictly correct but suggesting poor understanding. Many links identified contemporaneity of Ice Age and woolly mammoths. The most-cited incorrect link was with dinosaurs, most indi​cating that the Ice Age caused dinosaur extinction. This merg​ing of several major geo-events in time corresponds with that for 10- and 11-year-old children and trainee teachers. People have difficulty in distinguishing between climatic cooling per se and the Ice Age, both of which are perceived by respondents as having caused mass extinctions (including both dinosaurs and woolly mammoths).

Climate change was cited widely by these 17-year-old stu​dents as a significant geo-event and several of them related climate change to extinction and bolide impact. The forma​tion of the atmosphere was cited by thirteen respondents and a further 8 referred to its evolution or development, including one who identified “first, second and third atmos​pheres”.

Deep Time Research Finding 5: Relative or Absolute Time?

Briefly, the introduction of numbers (absolute time) into the research instru​ments led to a reduction in the accuracy in respondents’ abilities to locate geo-events in their correct sequence (relative time). In all four categories, respondents were able to place geo-events in relative sequence with considerable accuracy but when con​fronted with dates such as 1,000 million years ago the accuracy deteriorated very sharply. In general, respondents made full use of any time-span indicated by the dates offered, regardless of the actual dates involved. Absolute dates for Big Bang offered by the student-teachers ranged from 400 mya (early Devonian!) to 100 million million years ago, with a mean date of 3.5 million million years ago.  About 70% of the serving primary teachers located Big Bang and formation of the Sun at more than I million million years ago.

Deep Time Research Finding 6: Drifting Continents 

Several of the research instruments indicated that children, young people and adults are generally aware of drifting conti​nents but perceptions focus on fragmentation rather than coalescence. The familiar sequence of global maps showing the fragmentation of Pangaea is widely recognised, although respondents perceive no clear timescale for the break-up and there are certainly no secure conceptions or perceptions of coalescence and supercontinental cycles.

Deep Time Research Finding 7: Consensus and Disagreement

Although both serving primary teachers and student-teachers correctly located Big Bang and formation of the Sun as the two earliest events, there is some confusion over their relative timing. Indeed, according to one measure in my research, the serving teachers, on average, per​ceive the Sun to have been formed before Big Bang! The 10-and 11-year-old children also grouped these two events into their Extremely Ancient category: they do not conceive of anything prior to the Earth’s existence. 

This lack of consensus is revealed over other geo-events. The Ice Age is a particularly interesting one because it generated very strong disagreement among the children, serving teachers and student-teachers, although its mean position in sequence was accurate. People in gener​al know it happened relatively recently in the history of planet Earth, but significant numbers think it happened much earlier. I do not have a clear explanation for this result. Widespread guess​ing might explain it, but more research is needed for illumi​nation. It seems unlikely that respondents were aware of gla​cial periods prior to the Quaternary, but perhaps perceptions of the K/T impact winter (65 mya) or even Snowball Earth (c700 mya) have some influence.

Part Three: What geoscience topics interest children?
The Interest Research 
In 2003 I carried out research into the geoscience interests of 652 children aged 11 to 12 years (Grade/Year 7).  Detailed results and a full literature review are given in Trend (in press-b, Trend, in press-a).  Data were obtained from 27 classrooms across 11 secondary (11-28 years) and middle (8-12 years) schools in parts of Devon, UK.  I focused on the degree to which pupils find selected geoscience topics interesting, expressed in terms of their desire to “find out more”, an approach used in several previous investigations (Qualter, 1993, Harlen, 1988, Murphy and Qualter, 1989).  As such, topic interest (see above) is represented as a composite construct, determined by the combined effects of individual and situational interest, but probably in this case dominated by the more robust and long-lasting individual interest. 

Table 1:  Distribution of Questionnaire Items by Code Number, across Four Geoscience Themes and Seven Geoscience Topics
	
	Geoscience Topics

	Geoscience Theme
	Big Events
	Planet Earth
	Weather
	Places
	Water & Oceans
	Earth Materials
	Land Surface

	Past Time
	22
	2
	28
	6
	19
	3
	18

	Present Time
	8
	12
	10
	20
	9
	15
	25

	Future Time
	13
	24
	23
	26
	7
	5
	16

	People
	14
	1
	21
	17
	11
	27
	4


Note. Code numbers in cells refer to questionnaire items in Table 2

A questionnaire was designed as the main data-collection instrument, the spread of questions covering four main Geoscience Themes and seven Geoscience Topics, as shown in Table 1. Note that deep time forms the basis of the Geoscience Themes.  The four by seven (4 X 7) framework was constructed first and then a single question was written for each cell, giving 28 questions in total (see Table 2), seven of these relating explicitly to Earth’s deep history.  Using a 5-point scale, the children were asked to respond to each question according to their level of interest in finding out more about it: each item generated a score from 0 (minimum interest) to 4 (maximum interest). Details of the pilot survey and administration are not given here (see Trend, in press-b).

Results: Interest Research
A rank order of preference for questionnaire items is given in Table 2, column 3.  Among the 28 geoscience items, the highest 4 deal with spectacular events, two in relation to named places: “dinosaur extinction event”, “future British explosive eruptions”, “asteroid impact” and “Antarctica ice melt”.  The mean score of the most popular item is 2.4 times that of the least popular.  Perhaps the range of responses to these individual geoscience items indicates that some may be generating greater interest among 11- and 12-year-old children than others because of the (robust?) personal interest at play, rather than any “interestingness” (situational interest) generated by the immediate situation.  It is necessary to examine patterns within the data. 

Table 2:  Questionnaire Items (arranged by overall rank), with Mean Scores and Ranks.

	Questionnaire
	Overall Rank
	Overall Mean
	Girls Rank
	Boys Rank
	Rank Difference

	Code No.
	Item
	
	
	
	
	

	22
	What exactly was the big event that killed off the dinosaurs?
	1
	2.75
	1
	1
	0

	13
	Will there be explosive eruptions in Britain in the future?
	2
	2.46
	2
	3
	1

	1
	What will people do if an asteroid hits planet Earth?
	3
	2.42
	4
	2
	2

	26
	What would Antarctica be like in the future if all the ice were to melt?
	4
	2.29
	3
	5
	2

	28
	What was the weather like at the time of the dinosaurs?
	5
	2.22
	9
	6
	3

	8
	What causes some volcanic eruptions to be massive and explosive?
	6
	2.20
	16
	4
	12

	6
	What was it like in Devon millions and millions of years ago?
	7
	2.17
	7
	8
	1

	7
	How quickly is sea level rising? Will London soon be under the sea?
	8
	2.17
	8
	7
	1

	19
	How old is the world’s water, and where did it come from?
	9
	2.14
	6
	9
	3

	15
	How are large crystals formed?
	10
	2.09
	5
	11
	6

	12
	Why is the inside of the Earth so hot?
	11
	2.04
	12
	10
	2

	2
	How old is planet Earth and how was it formed?
	12
	1.97
	11
	14
	3

	23
	How fast is global warming happening and what will climate be like in 50 years?
	13
	1.96
	15
	12
	3

	14
	How do the world’s poorer people prepare for devastating hurricanes?
	14
	1.95
	13
	15
	2

	21
	How do some people survive in climates of extreme cold or dryness?
	15
	1.91
	14
	16
	2

	24
	Will Earth’s magnetic field disappear or change in the future?  If so, how soon?
	16
	1.83
	19
	13
	6

	10
	Why are clouds so changeable and why don’t they fall down to the ground?
	17
	1.75
	10
	18
	8

	20
	How big is the Grand Canyon?
	18
	1.73
	20
	17
	3

	9
	Why is the sea salty?
	19
	1.60
	17
	19
	2

	16
	Will mountains eventually be worn down to sea level by erosion?
	20
	1.49
	21
	20
	1

	27
	Why do people wear jewellery made from crystals such as diamond and ruby? 
	21
	1.47
	18
	24
	6

	18
	How were mountains formed, and how long ago?
	22
	1.41
	23
	21
	2

	5
	Will the sand on the sea bed be turned into solid rock? How long will it take?
	23
	1.34
	22
	23
	1

	17
	Why do so many people visit the Grand Canyon?
	24
	1.32
	24
	22
	2

	3
	How were rocks formed and how long did it take?
	25
	1.07
	27
	25
	2

	11
	Why do so many people enjoy watching moving water, like a mountain river?
	26
	1.05
	25
	27
	2

	25
	Why do some rivers flow in very smooth bends (called meanders)?
	27
	0.99
	26
	26
	0

	4
	Why do so many people enjoy walking in areas of hills and mountains?
	28
	0.86
	28
	28
	0


Each of the Geoscience Topic scores is derived from 4 questions (see Tables 1 and 2) and results are given in Table 3.  Perhaps not surprisingly, “Big Events” is the most popular Topic, with a mean score which is about twice that of the least popular, “Land Surface”.  Factor analysis confirms the coherence of this high interest in spectacular events, previously identified by Taber (1991).  The least popular Topic is “Land Surface”, derived from 4 items ranked 28, 27, 22 and 20 respectively, with almost no gender contrasts.  Compared with the individual questionnaire item data, these clustered Geoscience Topic data provide more reliable and structured illumination on children’s underlying geoscience interests. 

Table 3:  Geoscience Topics: Overall Mean Scores, Standard Deviations and Ranks
	Geoscience Topic
	Mean
	St. Dev.
	Overall Rank

	Big Events
	2.34
	0.99
	1

	Planet Earth
	2.07
	0.97
	2

	Weather
	1.92
	0.95
	3

	Places
	1.88
	0.99
	4

	Water and Oceans
	1.74
	0.94
	5

	Earth Materials
	1.49
	0.88
	6

	Land Surface
	1.19
	0.85
	7


The 4 Geoscience Themes are even more fundamental than the 7 Geoscience Topics since they deal with basic concepts and fields of potential interest: time (including deep time) and people.  Results are given in Table 4.  Since it could be argued that deep time is more fundamental to geoscience per se than links with people, perhaps it is encouraging to see that children rank “Past Time” highest and that the time perspective is generally preferred over the “People” focus.  

Table 4:  Geoscience Themes: Overall Mean Scores, Standard Deviations and Ranks
	Geoscience Theme
	Mean
	St. Dev.
	Overall Rank

	Past Time
	2.09
	0.96
	1

	Future Time
	1.93
	0.97
	2

	Present Time
	1.77
	0.84
	3

	People
	1.57
	0.78
	4


Exploratory factor analysis identified six factors which account for 54.4% of the variance: see Table 5.  Factor loadings less than 0.4 are ignored.  The “Relevant Change” factor explains 32% of the variance and deals with major geo-events (past, present or future) which have serious consequences for humankind and life as we know it.  The emphasis is less on the natural processes themselves and more on implications of environmental change for human futures.  The eight items with loadings on this factor greater than 0.4 cut across the range of Geoscience Topics. However, five of the eight belong to the “Future Time” Theme and two to the “People” Theme, reinforcing the idea that this factor deals with the full range of possible future environmental change which may occur in the geosphere, atmosphere, hydrosphere or biosphere, together with their human impacts.  The coherence of this Relevant Change factor has implications for those concerned with education for sustainable development, notably in relation to the deep time element so frequently omitted from much debate (Reid, 2001, Huckle, 2002). Although this factor deals in essence with Earth futures, such futures are inextricably tied to the evidence from Earth’s deep past.           

Table 5:  Factor Derivation

	Variable
	Relevant Change
	Extreme Events
	Gentle Past
	Environ-ments
	Aesthetics
	Grand Canyon

	How fast is global warming happening and what will climate be like in 50 years?
	0.763
	
	
	
	
	

	Will Earth’s magnetic field disappear or change in the future?  If so, how soon?
	0.708
	
	
	
	
	

	What would Antarctica be like in the future if all the ice were to melt?
	0.608
	
	
	
	
	

	Will mountains eventually be worn down to sea level by erosion?
	0.617
	
	
	
	
	

	How do some people survive in climates of extreme cold or dryness?
	0.557
	
	
	
	
	

	What exactly was the big event that killed off the dinosaurs?
	0.419
	
	
	
	
	

	How quickly is sea level rising?  Will London soon be under the sea?
	0.453
	0.409
	
	
	
	

	How do the world’s poorer people prepare for devastating hurricanes?
	0.436
	
	
	
	
	

	Will there be explosive eruptions in Britain in the future?
	
	0.630
	
	
	
	

	What will people do if an asteroid hits planet Earth?
	
	0.649
	
	
	
	

	What causes some volcanic eruptions to be massive and explosive?
	
	0.737
	
	
	
	

	Why is the inside of the Earth so hot?
	
	0.422
	0.406
	
	
	

	How old is planet Earth and how was it formed?
	
	
	0.695
	
	
	

	How old is the world’s water, and where did it come from?
	
	
	0.603
	
	
	

	How were mountains formed, and how long ago?
	
	
	0.545
	
	
	

	What was it like in Devon millions and millions of years ago?
	
	
	0.491
	0.437
	
	

	How were rocks formed and how long did it take?
	
	
	0.441
	0.436
	
	

	Why do so many people enjoy walking in areas of hills and mountains?
	
	
	
	0.716
	
	

	Why do so many people enjoy watching moving water, like a mountain river?
	
	
	
	0.614
	
	

	Will the sand on the sea bed be turned into solid rock? How long will it take?
	
	
	
	0.508
	
	

	Why are clouds so changeable and why don’t they fall down to the ground?
	
	
	
	
	0.605
	

	Why is the sea salty?
	
	
	
	
	0.598
	

	Why do some rivers flow in very smooth bends (called meanders)?
	
	
	
	
	0.586
	

	Why do people wear jewellery made from crystals such as diamond and ruby? 
	
	
	
	
	0.563
	

	How are large crystals formed?
	
	
	
	
	0.464
	

	How big is the Grand Canyon?
	
	
	
	
	
	0.745

	Why do so many people visit the Grand Canyon?
	
	
	
	
	
	0.645

	What was the weather like at the time of the dinosaurs?
	
	
	
	
	
	


Note.  Only factor loadings greater than 0.4 are shown

The “Extreme Events” factor explains a further 6.5% of the variance and deals with heat, energy, rapid change, catastrophe and general devastation.  Of the 6 items which have loadings above 0.4 on this factor, 3 belong to “Big Events” and 2 belong to “Planet Earth”.  Unlike the concern with Future Time suggested by the Relevant Change factor, there is no strong link with any of the time themes, the coherence of this factor lying in the links between igneous activity, the Earth’s internal heat, explosive bolide impacts, and possible consequent sea level rise.  

The “Gentle Past” factor is strongly set in the geological past, but with a Uniformitarianist focus rather than a Catastrophist one (Albritton, 1989, Huggett, 1997).  This factor is the most relevant one for the purposes of this paper. Five of the 6 items with loadings greater than 0.4 on this factor belong to the “Past Time” Theme and all six cut across the range of Geoscience Topics.  Clearly, when children have a keen interest in the deep past it is relatively coherent and certainly not restricted to cataclysmic events.  This finding has implications for teachers in their teaching of science concepts and processes which have links with this “deep gentle past”, including the past origins and current use of fossil fuels.  In his argument for the place of science in citizenship and sustainability education, Wellington (2003) illustrates the importance of this deep time perspective, writing that 

“Let us go for the big issues and key ideas, the ones that really matter for citizenship and sustainability. … Each litre of petrol and each lump of coal is effectively thousands of years of sunlight compressed into a small volume. Fossil fuels are precious commodities.  They were formed two or three hundred million years ago.  At the present rate we seem destined to use them up in a period of about 400 years” (p. 13/14).

The “Aesthetics” factor deals with aesthetically pleasing (and useful?) aspects of the natural environment, with a strong emphasis on the hydrosphere (clouds, rivers and oceans) and ornament (crystals and jewellery) and negligible links with Earth’s deep past (or future).  “People” and “Present Time” are the dominant Geoscience Themes but there is weak coherence across the Geoscience Topics (Earth Materials, Land Surface, Weather, Water and Oceans).  This factor is identified by previous authors, (e.g. Taber, 1991) usually in the context of gender differences.   

Perhaps the most important finding on gender differences is the few differences in topic interest between boys and girls overall (see Table 6).  Of the 28 individual items, 22 generated no significant gender difference, including the majority dealing with all 4 Geoscience Themes and all 7 Geoscience Topics.  Furthermore, factor analysis identified one dominant factor, “Relevant Change” with no gender difference.  The most consistent, reliable and statistically significant results concern boys’ interests in “Big (or Extreme) Events” and girls’ interests in “Aesthetics” (and possibly human-orientated) phenomena.  The implications for teachers are that they would be on safe ground if they planned on the assumption that girls and boys bring to their new learning very similar levels of interest across geoscience, but that boys show greater interest in spectacular geo-events (past, present and future) and girls greater interest in the aesthetics of geoscience.  Their joint and coherent interest in their shared futures on planet Earth is of much more curricular and classroom relevance.

Table 6:  Gender Differences in Mean Scores

	Questionnaire Item
	Mean Score, Girls
	Mean Score, Boys
	p.

	Preferred by Boys

	What will people do if an asteroid hits planet Earth?
	2.22
	2.56
	p < 0.01

	Will Earth’s magnetic field disappear or change in the future?  If so, how soon?
	1.64
	1.97
	p < 0.05

	What causes some volcanic eruptions to be massive and explosive?
	1.90
	2.41
	p < 0.01

	Preferred by Girls

	Why are clouds so changeable and why don’t they fall down to the ground?
	2.09
	1.53
	p < 0.01

	Why do so many people enjoy watching moving water, like a mountain river?
	1.26
	0.93
	p < 0.01

	Why do people wear jewellery made from crystals such as diamond and ruby?
	1.71
	1.32
	p < 0.01

	Geoscience Theme
	
	
	

	Big Events
	2.20
	2.43
	p < 0.05


Although the “Relevant Change” factor is perhaps the most important finding reported here since it is the strongest factor and generates no gender or school-type variation.  Pupils have a consistent and coherent interest in future geo-events which will impact on their lives and which can be understood by reference to past events and present change.  Teachers should be aware of this widespread interest and perhaps draw on it in their planning, possibly interweaving it with ideas of aesthetic perspectives and extreme events to accommodate interest across both boys and girls.    

The Uniformitarianist  “Gentle Past” factor suggests that there is at least some coherence in children’s interest in past events, separate from their interest in catastrophic events.  This is a more civilised and peaceful deep past, with little threat and apparently little immediate relevance for global futures.  Perhaps the interest, such as it is, suggests a deep past which is fascinating and worthy of investigation for its own sake, to find out what it was like “in Devon (or Taiwan) millions and millions of years ago” or how planet Earth was formed.  Such interest in deep time per se is clearly not insignificant among 11- and 12-year-old children, yet many (primary) teachers appear to avoid it (Trend, 2001a).  In addition, there are no gender differences in this area of interest.  It appears that an approach to Earth’s deep history which emphasises its “gentle past” rather than spectacular events may be effective in fostering a secure understanding of deep time among children.   

Part Four: How can we use this knowledge in our geoscience teaching?
Teachers have many options and opportunities and there should be little prescription for them in their use of research findings.  Given the knowledge and understanding, teachers will always find ways to use it to benefit their students. With that in mind, the following are offered as suggestions

Teachers could draw on the research reported above by:  

1. Investigating their students’ geoscience interests in relation not only to deep time but to all aspects of geoscience. They could then build on this interest in their teaching through judicial selection of lesson openers or examples.

2. Investigating their students’ perceptions of deep time in order to reinforce sound understanding and challenge misconceptions. Focus particularly on the relative sequence of major events such as Big Bang, formation of Earth, continental coalescence and ice ages. 

3. Probe gender differences in geoscience perception, conceptualisation and interest and incorporate approaches and material likely to interest both girls and boys.

4. Include deep time as a major thread or strand running through geoscience courses, rather than treating it as a separate topic to be addressed just once in the course.

5. Beware of introducing absolute timescale before a secure relative timescale is in place.

6. Be aware that children are likely to have a keen interest in the natural environment insofar as it impinges on human futures.    

Teacher educators and other educationalists could draw on the research reported above by: 

1. Finding out how teachers perceive and conceptualise deep time.

2. Developing a Deep time Framework of Pivotal Geo-events which can be used by teachers of Taiwanese children through 6 to 16 years and beyond.  

3. Raising the issue of deep time in relation to the Taiwanese Science National Curriculum and advising decision-makers that the concept is fundamental to children’s understanding of planet Earth, notably in relation to the impacts of environmental change on human futures.  

4. Demonstrating to serving teachers how children’s present experiences can be used to understand past processes and events, as is often done in the teaching of history. 

5. Identify trainee teachers’ interests and show how they can capitalise on them in the geoscience classroom.

In conclusion, geoscience teachers are always looking for ways to draw on their students’ existing knowledge, understanding, perceptions and interests. In order to do that, they first have to identify such variables among their own students and this means that they must be regular and consistent researchers, probing the minds of their students.   In relation to perception and conceptualisation deep time there is much classroom-based research to be done, at least in the UK context.      
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Tables
Table 1:  Distribution of Questionnaire Items by Code Number, across 4 Geoscience Themes and 7 Geoscience Topics
	
	Geoscience Topics

	Geoscience Theme
	Big Events
	Planet Earth
	Weather
	Places
	Water & Oceans
	Earth Materials
	Land Surface

	Past Time
	22
	2
	28
	6
	19
	3
	18

	Present Time
	8
	12
	10
	20
	9
	15
	25

	Future Time
	13
	24
	23
	26
	7
	5
	16

	People
	14
	1
	21
	17
	11
	27
	4


Note. Code numbers in cells refer to questionnaire items in Table 2

Table 2:  Questionnaire Items (arranged by overall rank), with Mean Scores and Ranks.

	Questionnaire
	Overall Rank
	Overall Mean
	Girls Rank
	Boys Rank
	Rank Difference

	Code No.
	Item
	
	
	
	
	

	22
	What exactly was the big event that killed off the dinosaurs?
	1
	2.75
	1
	1
	0

	13
	Will there be explosive eruptions in Britain in the future?
	2
	2.46
	2
	3
	1

	1
	What will people do if an asteroid hits planet Earth?
	3
	2.42
	4
	2
	2

	26
	What would Antarctica be like in the future if all the ice were to melt?
	4
	2.29
	3
	5
	2

	28
	What was the weather like at the time of the dinosaurs?
	5
	2.22
	9
	6
	3

	8
	What causes some volcanic eruptions to be massive and explosive?
	6
	2.20
	16
	4
	12

	6
	What was it like in Devon millions and millions of years ago?
	7
	2.17
	7
	8
	1

	7
	How quickly is sea level rising? Will London soon be under the sea?
	8
	2.17
	8
	7
	1

	19
	How old is the world’s water, and where did it come from?
	9
	2.14
	6
	9
	3

	15
	How are large crystals formed?
	10
	2.09
	5
	11
	6

	12
	Why is the inside of the Earth so hot?
	11
	2.04
	12
	10
	2

	2
	How old is planet Earth and how was it formed?
	12
	1.97
	11
	14
	3

	23
	How fast is global warming happening and what will climate be like in 50 years?
	13
	1.96
	15
	12
	3

	14
	How do the world’s poorer people prepare for devastating hurricanes?
	14
	1.95
	13
	15
	2

	21
	How do some people survive in climates of extreme cold or dryness?
	15
	1.91
	14
	16
	2

	24
	Will Earth’s magnetic field disappear or change in the future?  If so, how soon?
	16
	1.83
	19
	13
	6

	10
	Why are clouds so changeable and why don’t they fall down to the ground?
	17
	1.75
	10
	18
	8

	20
	How big is the Grand Canyon?
	18
	1.73
	20
	17
	3

	9
	Why is the sea salty?
	19
	1.60
	17
	19
	2

	16
	Will mountains eventually be worn down to sea level by erosion?
	20
	1.49
	21
	20
	1

	27
	Why do people wear jewellery made from crystals such as diamond and ruby? 
	21
	1.47
	18
	24
	6

	18
	How were mountains formed, and how long ago?
	22
	1.41
	23
	21
	2

	5
	Will the sand on the sea bed be turned into solid rock? How long will it take?
	23
	1.34
	22
	23
	1

	17
	Why do so many people visit the Grand Canyon?
	24
	1.32
	24
	22
	2

	3
	How were rocks formed and how long did it take?
	25
	1.07
	27
	25
	2

	11
	Why do so many people enjoy watching moving water, like a mountain river?
	26
	1.05
	25
	27
	2

	25
	Why do some rivers flow in very smooth bends (called meanders)?
	27
	0.99
	26
	26
	0

	4
	Why do so many people enjoy walking in areas of hills and mountains?
	28
	0.86
	28
	28
	0


Table 3:  Geoscience Topics: Overall Mean Scores, Standard Deviations and Ranks
	Geoscience Topic
	Mean
	St. Dev.
	Overall Rank

	Big Events
	2.34
	0.99
	1

	Planet Earth
	2.07
	0.97
	2

	Weather
	1.92
	0.95
	3

	Places
	1.88
	0.99
	4

	Water and Oceans
	1.74
	0.94
	5

	Earth Materials
	1.49
	0.88
	6

	Land Surface
	1.19
	0.85
	7


Table 4:  Geoscience Themes: Overall Mean Scores, Standard Deviations and Ranks
	Geoscience Theme
	Mean
	St. Dev.
	Overall Rank

	Past Time
	2.09
	0.96
	1

	Future Time
	1.93
	0.97
	2

	Present Time
	1.77
	0.84
	3

	People
	1.57
	0.78
	4


Table 5:  Factor Derivation

	Variable
	Relevant Change
	Extreme Events
	Gentle Past
	Environ-ments
	Aesthetics
	Grand Canyon

	How fast is global warming happening and what will climate be like in 50 years?
	0.763
	
	
	
	
	

	Will Earth’s magnetic field disappear or change in the future?  If so, how soon?
	0.708
	
	
	
	
	

	What would Antarctica be like in the future if all the ice were to melt?
	0.608
	
	
	
	
	

	Will mountains eventually be worn down to sea level by erosion?
	0.617
	
	
	
	
	

	How do some people survive in climates of extreme cold or dryness?
	0.557
	
	
	
	
	

	What exactly was the big event that killed off the dinosaurs?
	0.419
	
	
	
	
	

	How quickly is sea level rising?  Will London soon be under the sea?
	0.453
	0.409
	
	
	
	

	How do the world’s poorer people prepare for devastating hurricanes?
	0.436
	
	
	
	
	

	Will there be explosive eruptions in Britain in the future?
	
	0.630
	
	
	
	

	What will people do if an asteroid hits planet Earth?
	
	0.649
	
	
	
	

	What causes some volcanic eruptions to be massive and explosive?
	
	0.737
	
	
	
	

	Why is the inside of the Earth so hot?
	
	0.422
	0.406
	
	
	

	How old is planet Earth and how was it formed?
	
	
	0.695
	
	
	

	How old is the world’s water, and where did it come from?
	
	
	0.603
	
	
	

	How were mountains formed, and how long ago?
	
	
	0.545
	
	
	

	What was it like in Devon millions and millions of years ago?
	
	
	0.491
	0.437
	
	

	How were rocks formed and how long did it take?
	
	
	0.441
	0.436
	
	

	Why do so many people enjoy walking in areas of hills and mountains?
	
	
	
	0.716
	
	

	Why do so many people enjoy watching moving water, like a mountain river?
	
	
	
	0.614
	
	

	Will the sand on the sea bed be turned into solid rock? How long will it take?
	
	
	
	0.508
	
	

	Why are clouds so changeable and why don’t they fall down to the ground?
	
	
	
	
	0.605
	

	Why is the sea salty?
	
	
	
	
	0.598
	

	Why do some rivers flow in very smooth bends (called meanders)?
	
	
	
	
	0.586
	

	Why do people wear jewellery made from crystals such as diamond and ruby? 
	
	
	
	
	0.563
	

	How are large crystals formed?
	
	
	
	
	0.464
	

	How big is the Grand Canyon?
	
	
	
	
	
	0.745

	Why do so many people visit the Grand Canyon?
	
	
	
	
	
	0.645

	What was the weather like at the time of the dinosaurs?
	
	
	
	
	
	


Note.  Only factor loadings greater than 0.4 are shown

Table 6:  Gender Differences in Mean Scores

	Questionnaire Item
	Mean Score, Girls
	Mean Score, Boys
	p.

	Preferred by Boys

	What will people do if an asteroid hits planet Earth?
	2.22
	2.56
	p < 0.01

	Will Earth’s magnetic field disappear or change in the future?  If so, how soon?
	1.64
	1.97
	p < 0.05

	What causes some volcanic eruptions to be massive and explosive?
	1.90
	2.41
	p < 0.01

	Preferred by Girls

	Why are clouds so changeable and why don’t they fall down to the ground?
	2.09
	1.53
	p < 0.01

	Why do so many people enjoy watching moving water, like a mountain river?
	1.26
	0.93
	p < 0.01

	Why do people wear jewellery made from crystals such as diamond and ruby?
	1.71
	1.32
	p < 0.01

	Geoscience Theme
	
	
	

	Big Events
	2.20
	2.43
	p < 0.05


Figures
Figure 1. Deep Time Categories for Primary Teachers 
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