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Abstract insight into the importance teachers place on the teaching of specific con-

Perceptions of 139 in-service teachers in South Dakota were examined to deternfRBES- Second, questionnaires and surveys helped reveal alternative con-
their level of understanding in a number of geoscience topics. Data were collec\gpt'OnS and aSS'Sted. in the pfep?‘fat'o.” of an mter\{'ew prOtO.(:Ol for further
through surveys, questionnaires, individual interviews and a geoscience concept in geovery of alternative Concept'oﬂs in the geosciences. FlnaII_y, a geo-
tory. The findings revealed that teachers in the sample do hold alternative conceptishieNC€ Concept Inventory (Libarkin and Anderson, in preparation), was
about the geosciences, particularly in reference to the composition and interior of ##€d t0 provide a comprehensive and quantitative picture of teachers un-
Earth. As a result, it supports the assertion that many teachers lack adequate su,ﬁi@ggtandlngs about these concepts.

matter knowledge for teaching geoscience concepts. iases and LimitationsThis study relied solely on volunteers, and as a

) i ! . result biases may exist. It is possible that those electing to participate in the
Keyw_ordsieachersalternatlve conceptions, teacher knowledge, science educatlgfhdy were a) more confident about their scientific knowledge or b) more
geoscience. interested in science education than non-participants. However, if teachers

who are willing to participate in a research study, and thus are less inhibited

Resumen about discussing their ideas, are found to have alternative conceptions, it is
likely that those choosing not to participate hold alternative conceptions as
&, An additional limitation is the relatively small geographic region from
fiith participants were sampled. Study conclusions cannot necessarily be
feralized from this small sample to all South Dakota teachers, or teach-
in other states. However, this study, with some corroboration from
er similar studies, can offer an indicator of conceptions held by a wider
BBpulation of teachers.

Population and Sampléhe subjects in the sample were K-12 educa-
Palabras claveconceptos alternativos, conocimientos de profesores, educacion grs from across South Dakota who volunteered to participate in the study.
ciencias, geociencia. To reduce the time and financial cost associated with a more direct ap-

proach to recruitment, two established electronic mailing lists of approxi-
mately 110 and 3300 K-12 South Dakota educators were used to distribute
INTRODUCTION surveys, questionnaires, and appeals for interview volunteers.

In the past few years there has been significant interest in the alternative
conceptions held by teachers: in particular, teachers of science. Curred@\TA COLLECTION AND INSTRUMENTATION:
work in this area is predominately conducted in the United States (e.g.,.Data collection was divided into several phases. The first phase sought
ATwoop & ATwoop, 1996; BnpaLL, GoLpeers & GauiLi, 1993; Goves 1O elicit teachers’ ideas about the geosciences by using a survey based on a
& PucH, 1999; Rmeroy, 1993; $Hoon, 1995; SHoon & Boong, 1998)  similar instrument created byrino (2000 & 2001). This survey was sent
and the United Kingdom (e.g.,oBes, CHamBeRs & StanissTrReer, 1995;  to an electronic mailing list of approximately 110 South Dakota K-12
Dove, 1996; Kruger, 1990; i2ece 1997; Renp, 2000 & 2001). w-  science edug:ators asking them to cor_15|der the_lr interest in and classroom
EVER, the alternative conceptions of pre- and in-service teachers are a@gounter with twelve common geoscience topics and then rate them on a
being studied in other countries, such as Australiarvd & Scriseci,  four-point scale. ®eno's (2000 & 2001) five-point scale was modified in.
1999), Canada (@G & Brouwer, 1991), Greece (KLErv & PsiLLos,  an attempt to prevent the respondents from returning all three’s, which is a
2001), Hong Kong (Mk, Yip & CHung, 1999), India (Bnerieg 1991), “neutral” response, to the topics presented. The response rate to this sur-
Israel (Trumper, 2001), Pakistan @oHan & Bano, 2001), South Africa vey was 41%, much higher than expected based upon similar studies. Of
(Sanpers, 1993) and Spain (MLabo, 1997). the forty-five returned surveys, seven were dropped from the analysis

This extensive research shows that teachers generally have a rangeegause they were either incomplete or reached someone other than a
perspectives along the non-scientific to scientific continuum of conceptifglience educator (e.g., a band instructor), leaving 38 surveys for analysis.
understanding. Most commonly, teachers mix scientific and non-scientific Next, a brief conceptual questionnaire was sent to an electronic mailing
ideas to create their own world-view and models of natural phenometigt of approximately 3,300 South Dakota K-12 educators. This question-
These alternative conceptions and mixed mental models have been iddltire was designed to elicit teachers’ understandings about such topics as
fied among a range of topics in biology, chemistry and physics. Althoug®lcanoes, mountains, ice age/s, and the interior of the Earth. Teachers
there has been extensive investigation into children’s ideas in Earth sciewti@ a variety of classroom experience, subject expertise, and grade level
(for examples see, HIVer, GUESNE & TIBERGHIEN 1985; [RIVER, SouREs &  €Xperience returned questionnaires. The response to this mailing was ~1.5%,
Woon-Roeinson 1994), those of teachers have remained relatively unegignificantly lower than the previously mentioned survey, although forty-
plored. Some exceptions areda and Rusea (1992 & 1993), BHoon  hine surveys were returned. Possible reasons for the low return rate will be
(1995), SorrLeT (1993) and Renp (2000 & 2001). explored in the Discussion section. _ _ )

This leads to the question, “What do teachers really know about theDuring phase two, a 30- question multiple-choice Geoscience Concept
geosciences?” This study attempted to provide some answers to this glidgntory (Lsarkin, and AvDErsoN in preparation) was administered to

Las opiniones de 139 profesores en Dakota del Sur fueron examinadas para deter!
su nivel de comprensién en varios temas de la geociencia. Los datos fueron recog|
con los examenes individuales, los cuestionarios, las entrevistas y un inventario d
conceptos de la geociencia. Los resultados revelaron que los profesores en lamu
tienen concepciones alternativas, particularmente en referencia a la composicion %
interior de la tierra. Por lo tanto, apoya la afirmacién que, muchos profesores carec
del conocimiento necesario para ensefiar asuntos de la geociencia.

tion for one sample of South Dakota teachers. in-service teachers participating in two summer geology workshops, with
24 and 20 participants respectively. This same inventory was later given to
METHODOLOGY two sections of pre-service teachers (N = 38) at Black Hills State Univer-

Data were collected through questionnaires and surveys, individusdy in the semester before their student teaching experience. Overall scores
interviews and administration of a geoscience Concept Inventory (Libarkior the inventory, as well as question-by-question breakdowns were ana-
and Anderson, in preparation). The administration of questionnaires agded and compared.
surveys served a dual purpose. First, the personal interests of teachers ama phase three, the data collected from the surveys, questionnaires, and
the frequency of occurrence of certain geoscience topics in classroomsthasGeoscience Concept Inventory, as well as the South Dakota and na-
well as teachers’ own views about common geoscience topics, providéshal science content standards and research literature were used to de-
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velop an interview protocol and probing questions. Interviews consistédw out”. This seems to be related to the large number of teachers (61%)

of justified true and false statements, geosequencing cards, (modeled afteo, according to their written descriptions of the Earth’s interior, believe

Trenp 2000 & 2001), and open-ended questions. Individual interviewthat the core of the Earth is “liquid” or “molten”.

were conducted with in-service teachers (N=8) based on a structured pro-

tocol, modeled in part by similar interviews conducted bgnb (2000 &  Table 2

2001) to determine their understanding of a variety of geoscience topi€@ommon Responses to Geoscience Questionnaire
Five of the eight interviewees held master's degrees in education. All

but one of the teachers interviewed indicated that they had taken an Efq..-

science/geology course during their college preparation. All eight of t Topic Common Responses —

interviewees also indicated that their last science course was complg Volcanoes Erupts, magma, lava, gasses, steam, ashes, heat, pressure, opening in

after 1996. (Six of the teachers completed their last science course & Earth, cone shaped with opening at top, hollow

2001.) All teachers interviewed, with the exception of one, indicated th

were responsible for teaching science in their classrooms. The teacher

responsible for teaching science interacted with science classrooms

indicated the possibility of teaching science in the near future.
Interviews were scheduled and conducted at the convenience of

volunteering teacher. Individual interviews lasted approximately 30 mi

utes and were audio taped for full transcription and analysis. Teachers

were given the opportunity to respond to questions and to further explain

their responses bhefore the next question was asked. If answers were irPhase 2: Geoscience Concept Inventory Resiilts. Geoscience Con-

complete or unclear, probing questions were used to give respondentept Inventory (GCI; Libarkin and Anderson, in preparation) was admin-

chance to clarify answers and to generate more accurate representationstefed to identify possible alternative conceptions in a sample of pre-

their views. Teachers were also encouraged to sketch objects to help gewvice (N=38) as well as in-service teachers (N=44). Overall, in-service

Mountains Does ot erupt, solid, no openings, higher than volcnoes

Most of Earth covered with glaciers, change or creation of landforms,
extinction or adaption of plant or animal species

Interior of Earth  [layers, heat, liquid or molten core

Tce Age/s

details that might otherwise be difficult to explain. teachers scored 8% higher than pre-service teachers (47.7% and 39.8%,
] respectively). However, scores for neither group would have indicated
RESULTS AND DISCUSSION: passing marks had this inventory been graded. As it happens, data indicate

Phase 1: Survey Resultsiterest and classroom occurrence rates fofhat teachers have a range of ideas about geological phenomena that are not
selected topics were generally correlated, although personal interest tengigbssarily in line with scientific thought.
to be much greater than reflected in the classroom. Table 1 lists topics in
order of high interest and high occurrence respectively. Although me
scores for personal interest lie between 3.18 (earthquakes) and 2.74 ( | GCI Sample Question:
tectonics), those for classroom occurrence are much lower (2.71 Fo! | Which of the following figures do you believe

and 2.08 Ice Ages). is most closely related to what you might see
As in the Renp (2000 & 2001) studies, the study of volcanoes gene | ‘fyow covld cut the Barth in half?
ated both high interest and high classroom occurrence ratings. In cont Cirele one: ABCDE

the study of plate tectonics generated low ratings for both interest .
occurrence. Taking into consideration the important relationship betwi | 27% af in-service teachers and 31% of pre-service
these two topics, it may suggest that plate tectonics is a subject that tea | feachers were abie ta identify the correct figure [E].
do not feel adequately prepared to teach. In fact, looking ahead to the Havwever; 36% af in-service and46% of pre-service
generated on the Geoscience Concept Inventory, only 30% Of teac! | seachers chose B, suggesting e beliaf tht the Earth’s
were able to correctly identify the location of the Earth’s tectonic plates | centrisgaseos.

Table 1

Rank Ordered Mean Ratings for Personal Interest and Classroom Occurrence Earth at Formation.The GCI shows that 66% of in-service teachers
and 64% of pre-service teachers believe that simple-one celled organisms
Geoscience Topic _ Interest Occurrence were present when the Earth first formed as a planet! Only 13% of pre-
service teachers held the scientific view that there would be no life on Earth
Mean  StDev Mean StDev at its formation, compared to 27% of in-service teachers.
Calculating Age of EarthThe GCI asked teachers to choose techniques
Earthquakes 318 056 Fossils 271 106 for calculating the age of the Earth. 48% of in-service teachers and 38% of
\olcanoes 311 073  \Volcanoes 271 087 pre-service teachers chose analysis of carbon in rock as the most accurate
Dinosaurs and their method. Following closely was the comparison of different layers of rock
extinction 300 057  Mountains 2.71 0.84  (in-service 27%/ pre-service 33%). Only 18% of pre-service teachers and
The formation or 14% of in-service teachers selected the correct response, “Analysis of
composition uranium and lead in rocks”.
of planet Earth 295 087  Rocks 266 107 When asked to choose all techniques that scientists use to calculate the
Thefirsthumans 292 091 Earthquakes 2.61 0.92 Earth's age, pre-service teachers most often chose comparison of fossils
Mountains 289 076  Ideasabouttime 258 106 found in rocks and comparison of different layers of rock (92% and 90%
Rocks 289 092  Glaciers 255 080 respectively). In-service teachers most often selected comparison of dif-
The Ice age/s 284 075  Dinesaand their 250 089 ferent layers of rocks (77%), analysis of carbon in rock (70%), and com-
extinction parison of fossils found in rocks (68%). “Analysis of uranium and lead in
Fossils 284 095  The formation or 2.50 092  rocks”, the most common and accurate method, was chosen by only 33%
composition of planet Earth of pre-service teachers, compared to 41% of in-service teachers. Interest-
Glaciers 2.84  0.75 Thefirsthumans 234 102 ingly, the same number of pre-service teachers (33%) also believed that the
Ideasabouttime 282  0.87  Platetectonics 226 1.06 measurement of the height of mountains could be used to calculate the age
Plate tectonics 2.74 0.92 The Ice agels 2.08 0.8%f the Earth.
VolcanoesBoth in-service and pre-service teachers believed that volca-
Personal Interest=teachers own personal likes or dislikes for the topics listed. noes occur mostly along the margins of both the Atlantic and Pacific
Classroom Occurrence= frequency with which each of the topics listed occur in that te@®@Beans (43% and 33%), although volcanoes do not occur along the pas-
ers classroom. sive western margin of the Atlantic Ocean. Interestingly, 26% of pre-

] ] ] service teachers believed that volcanoes are typically observed on conti-
~ Phase 1: Questionnaire Resulhough an entire spectrum of alterna-nents or islands in warm climates, compared to 9% of in-service teachers.
tive ideas was embodied in the responses to the questionnaire, perhaps tiarth’s magnetic fieldWhile both pre-and in-service teachers marked
most interesting discovery was the surprising number of teachers Whqariety of responses on the inventory to explain why the Earth had a
attributed the source of magma to the core of the Earth. “...it [volcano] hagagnetic field, gravity was most often attributed to the existence of the
an opening in the Earth’s crust that allows the inner core of the Earthgarth's magnetic field (34% in-service and 33% pre-service). However,
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the Earth’s revolution around the sun came in a close second. The correcAn unexpected finding during the current study was the reluctance of
response, “Liquid metal moving inside the Earth” was chosen by only 1#@achers to participate in the interview phase. An appeal for volunteers was
of each pre-service and in-service teachers. Interestingly, 3% of pre-snt to the K-12 electronic mailing list, garnering only one reply. Teachers
vice teachers indicated that the Earth does not have a magnetic field! were then approached in person about participation in interviews. Sixty-
Interview ResultsA variety of techniques were used to gather informatwo teachers declined to participate, with only eight teachers agreeing to
tion during face-to-face interviews with in-service teachers. Sequence cafase-to-face interviews.
were used with five of the teachers to uncover their conceptions of geo-The low number of teachers willing to participate in interviews sug-
logic time, both relative and absolute. Teachers were given a set of g@sts that teachers were uncomfortable with the subject matter. Through-
cards, each representing a specific event in the Earth’s history. They weug¢ the process of searching for face-to-face interview participants, many
then asked to arrange the cards and put them in chronological order. Afeaxchers, especially at the primary levels, were likely to state they perceived
an order was established, teachers were asked how long ago each ehemiselves as lacking the necessary knowledge to answer any questions
took place. During the interview, teachers appeared comfortable with retalated to Earth science. Although several cited uneasiness with the No
tive time, but many teachers expressed discomfort over assigning a pkild Left Behind Act (United States Department of Education No Child
cific date or time to the events. In fact, one of the teachers was so undieft Behind Act of 2001), Dakota STEP testing (state testing program) and
that she refused to put a date or time on any of the events. increased pressure to cover content as reasons for not participating in the
Formation of the Earth generated the most specific quantitative responfsese-to-face interviews, most simply declined to participate stating that
(4 of 5 participated) ranging between 2 million and 4.6 billion years agthey would like to help, but didn’t feel comfortable doing so.
Answers about the appearance of the first dinosaurs on Earth were put int&everal indicated they did not feel they knew enough about Earth sci-
eras “later Triassic/early Jurassic” or given a time relative to today, “2@®ce to provide any answers, while others cited being afraid of not know-
million years ago” and “220,000 years ago”. The extinction of dinosauiisg the right answers. Some simply stated, “that is not in the standards this
ranged from “late Jurassic” to “200 million years ago” to “200,000 yearngear” and saw no reason to participate. Finally, several teachers expressed
ago”. Responses for the appearance of the first humans ranged from “10,6@@cern over providing “ammunition” to those who are looking closely at
years ago” to “2003 years ago”. teachers’ knowledge and performance, and were worried about personal
Date and order were used to analyze teachers’ ideas, following T anonymity.
(2001), with mean order used to rank responses (Table 3). Events with th&@he general impression given by those choosing not to participate in the
largest standard deviation in order, suggesting the most uncertainty in ifierview phase of the study seemed to be, “We don’t want anyone to
interview population, were: Dinosaurs become extinct, Wooly mammothksow what we don’t know”.
become extinct, first humans appear on Earth and Atlantic Ocean begins to

form. CONCLUSIONS

While NCLB (No Child Left Behind) has emphasized the need for the
Table 3 increased content knowledge of teachers, the picture painted by this study
Sequence of Geo-events suggests that many teachers who volunteered to participate are lacking the

necessary knowledge to be effective teachers of Earth science.

Scientific It is important to note that research shows that weaknesses in science
Teacher Consensus  pyrograms often stem from teachers’ lack of scientific knowledge, rather
Event Mean Rank StDev Rank than difficulties using a variety of methods for teaching science (Kruger
and Summers, 1990). In many cases, simply improving the subject-matter
Today 10 0 10 knowledge of teachers will also improve their ability to teach the Earth
First humans appear on Earth ] 74 207 8 science curriculum in their classrooms. However, research also acknowl-
Wooly mammoths become extinct 72 2.05 9 edges that alternative conceptions in science cannot be eradicated by sim-
Dinosaurs become extinct 7 2 6 ply presenting new information. Conceptual change (allowing learners to
Lastice age begins 66 0.89 7 examine their own experiences, and confront inconsistencies in their theo-
First dinosaurs appear on Earth 52 148 4 ries) is facilitated when people examine their own conceptions and find
Trilobites become extinct 48 130 3 that they are “less intelligible, less plausible and less fruitful” than the
Atlantic Ocean begins to form 32 2.17 5 scientific concepts (Ewson and Hewson, 1983).
First life appears on Earth 26 055 2 This means that during both teacher preparation and training teachers
Earth Forms 1 0 1 (and their students) must be confronted with an expert view and be helped
] to appreciate why such a view is generally more powerful and useful than
Rank 1 =firstevent their own. This will require that teachers take a closer look at their own
knowledge about the earth, as well as participate in activities and learning
DISCUSSION opportunities that address alternative conceptions and present a more plau-

It is unclear exactly why the return rate for the questionnaire (l.5°235ble scientific description of the earth and its systems.

; : .7 While research indicates the existence of alternative conceptions in the
was so different than that of the survey (41%). It seems unlikely that time: ; : : :
of year is responsible since both items were distributed during the Saré%ences is a widespread phenomenon recent research is now taking a

; ; P g ser look at conceptions of teachers. Despite the fact that there has not
time frame. Some prpbable reasons |r_10|ude, but are not I|m_|ted to: q'ﬁ a large-scale effort to remedy the alternative conceptions among this
ences in the teacher’s personal experiences, the content being studied the fact remains that the maiority of teachers are responsible for
type of responses required, or the time necessary to complete the req hi jority P

Another possibility is that the teachers belonging to the “K-12 educg:
tors” list do not consider themselves “science teachers”. In fact, during |
search for volunteers to participate in the interview phase several teac
indicated that although they teach science in their classrooms, they areg@| |OGRAPHY
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y do not, unwittingly, perpetuate their alternative conceptions in the
sroom.
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Tablas de Young como herramienta docente en matematicas
Teaching mathematics with Young tableaux
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Resumen las definiciones usuales. Por lo tanto, las siguientes construcciones
Las tablas de Young presentan caracteristicas y propiedades que las hacen herramiggtekenden ofrecer algunos ejemplos de los usos de estos diagramas a nivel
adecuadas tanto para introducir conceptos matematicos elementales, como para reatireducacion media.

investigacion en diversas ramas de la matematica, ciencias de la computacion y | .

fisica. En este trabajo se presentan algunas ideas y ejemplos para usar las '[ablalJn diagrama de Young o de Feires un arreglo de

como herramientas en docencia de la mateméatica, para introducir los conceptoscﬁ’é""fj allnfbada;g Ial izquierda. _Eldnulmerc_)t dde cagasl enf_ll
funcion, relacién y operacion desde la escuela secundaria. | S€ denota coma, y 1a secuencia e longitudes de las i

de la tabla de Young satisfage> 1,2 .22, >0. Los), se

Palabras claveTabla de Young, funcién, relacion, operacién. llaman las partes dey se identifica cada diagrama con
secuencia = (A,,A,....A). Asi por ejemplo, (3,3,2,1) s. L
Abstract repl’esenta como Figura 1

Young tableaux present properties and characteristic allowing them to be adequateL0os diagramas de Young estan muy relacionados con
tools to introduce mathematical simple concepts and also providing powerful resealas particiones enteras de un ndmero.

ideas in mathematics, physics and computer science. In this work we present so
examples in order to illustrate how Young tableaux can be used to present the conﬁggij
of function, relation and operation in high school. 1

Key words:Young tableaux, function, relation, operation.

INTRODUCCION M H_LU IZH_‘ L] H HE‘ Ej

Las tablas de Young nos permitiran introducir desde los primeros cursos
de secundaria las nociones de funcion, relacion, relacion de orden, relacion Figura 2
de equivalencia, operacion y polinomios, por medio de preguntas y
construcciones naturales, las cuales estimulan en el estudiante la necesidggs cuales representan a las particiones (5), (1,1,1,1,1), (4,1), (3,2),
de preguntarse sobre la validez de sus razonamientos con base en el cggted), (2,2,1), (2,1,1,1).
de dichas construcciones. Algunos nimeros como los factoriales y lasAl remplazar cada entrada por un nimero (usualmente un nimero natu-
combinatorias, o mismo que las permutaciones, tienen en este contextgalien un diagrama de Young obtenemos una tabla de Young. Hay muchas
lugar muy especial. Es de recordar que productos notables y el teoremecRgles de tablas de Young y afortunadamente, cada cual podra definir una
binomio de Newton, requieren de factoriales y combinatorias patiase de tablas para que satisfagan las condiciones que desee o necesite.
representar algunos de sus coeficientes con la dificultad de enconfatre las tablas mas usadas estan las estandar y las semiestandar. Una tabla
ejemplos para motivar estos numeros y se tienen que presentar a travésdfice estandar si no se permiten repeticiones y toda fila y toda columna es

k
na particion der es una sucesion A,, ..., A) tal quez A, =nya,2
2),2,..27,). Paran = 5 tenemos 7 particiones que podemos identificar
por su tabla de Young correspondiente:
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