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Abstract:
Earth science, as a discipline, is ideally suited to play a key interdisciplinary role in the study of
environmental problems. It can provide an interesting, meaningful, relevant, and continuous type of
curriculum in which each student may become actively involved. However the course in secondary
school earth science which has enjoyed a resurgence of popularity in the past decade seems to be
backsliding toward general science once again. Part of the problem may be a shortage of properly
trained teachers. But, this problem is a peculiar one. Recent graduates, well trained in earth science,
find it difficult to obtain jobs because the school staffs are filled with tenured teachers trained for
general science or the biological sciences who are now teaching earth science. It also seems to be
difficult to set up programs for retraining these teachers.

There is presently, very little motivating force in the way of organizations, state or national, to get earth
science moving ahead once again. The systems of school financing, the Montana mill levy in
particular, seem to be obsolescent forms because there is an insufficient funding for the school districts
each year. Other problems are: the extremely small size of many Montana school districts;
accreditation requirements that may not be entirely adequate; secondary and college level teacher
preparatory requirements that may be unrealistic.

To seek out the answers to these problems a broad search of related literature was made. A three page
questionnaire was sent to all Montana earth science teachers. Two smaller questionnaires were devised
and distributed to physical geology students at Montana State University to get the students' point of
view. Statistical reports related to science teaching and issued by the Montana Superintendent of Public
Instruction were also reviewed. This data was examined and analyzed, and conclusions were drawn that
seem to verify the recent findings of other workers.

It was found that the trend toward earth science in Montana has indeed slowed down and may even be
retrogressing. Apparently there is no concerted program in Montana to retrain those presently teaching
out of their fields in earth science nor is there any solution in sight that is capable of solving the
financing problems of Montana school districts. There seems to be no publicized planning on the part
of state officials to implement a program that will encourage school districts to consolidate, to review
accreditation requirements, or to take Ieadership in improving the approaches to the adult world that
our children now stumble through.

It is suggested that earth science professionals continue, and increasingly so, to propagandize with
national science organizations over the relative merits of earth science as a beginning high school
science course. Educational personnel at all levels should actively seek to discourage general science as
a course and as a certifiable teaching major or minor. The obsolescent state-local methods of raising
funds should be replaced by a federal-state financing system with a minimum of federal control.

Montana, a state of vast territorial expanse and very small school districts, requires of some teachers
that they be knowledgeable in several fields.



Teachers with science majors therefore should be exposed to physics, chemistry, biology, and earth
science. A teacher in a small class III district would be more versatile and students would benefit as
well. If one teacher were hired by two or more contiguous districts it could provide some of the
economic benefits of consolidation. Principals and superintendents should try to effect a program of
sharing equipment with neighboring school districts and should also encourage their teachers to take
field trips. 
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ABSTRACT

E a rth  science, as a  d iscip line, is  ideally suited to play a  key in te rd is ­
cip linary  ro le  in the study of environm ental p ro b lem s. It can provide an in te r ­
esting , m eaningful, re levan t, and continuous type of cu rricu lum  in which each 
student may becom e actively involved. However the course  in secondary school 
e a r th  science which has enjoyed a resu rg en ce  of popularity in the p ast decade 
seem s to be backsliding tow ard general science once again. P a r t  of the p roblem  
may be a shortage of p roperly  tra in ed  te ac h e rs . But, th is problem  is  a  p ecu lia r 
one. R ecent g rad u a tes , well tra in ed  in ea r th  science, find i t  difficult to obtain 
jobs because the school staffs a re  filled with tenured  teach ers  tra ined  fo r gen­
e ra l  science  o r the biological sciences who a re  now teaching e a r th  science. It 
a lso  seem s to be difficult to s e t up p ro g ram s fo r re tra in in g  these teach e rs .
There is p re sen tly , very  little  m otivating  fo rce  in the way of organizations, 
s ta te  o r  national, to ge t ea r th  science moving ahead once ag ain . The system s 
of school financing, the Montana m ill levy in p a rtic u la r , seem  to be obsolescent 
form s because th e re  is  an insufficient funding fo r the school d is tr ic ts  each y e a r . 
O ther problem s a re : the ex trem ely  sm all s ize  of many M ontana school d is tr ic ts ;  
accred ita tion  req u irem en ts  tha t may not be en tire ly  adequate; secondary and 
college level teach e r p rep a ra to ry  requ irem en ts  that may be un rea listic .

To seek  out the answ ers to these p roblem s a  broad  sea rc h  of re la ted  
l i te ra tu re  was m ade. A th ree  page questionnaire was sen t to all Montana e a r th  
science te ach e rs . Two sm a lle r  questionnaires were devised and d istribu ted  to 
physical geology students a t Montana State U niversity  to get the studen ts' point 
of view. S ta tis tica l re p o rts  re la ted  to science teaching and issu ed  by the Montana 
Superintendent of Public Instruction  w ere a lso  review ed. This data was exam ined 
and analyzed, and conclusions w ere drawn that seem  to verify  the recen t findings 
of o ther w orkers.

It was found tha t the tren d  tow ard e a r th  science in M ontana has indeed 
slowed down and may even be re tro g re ss in g . Apparently th e re  is  no concerted  
p ro g ram  in Montana to re tra in  those p resen tly  teaching out of th e ir  fields in 
e a r th  science no r is  th e re  any solution in sight that is capable of solving the 
financing prob lem s of Montana school d is tr ic ts . There seem s to be no publicized 
planning on the p a r t  of s ta te  officials to im plem ent a  p ro g ram  that will encourage 
school d is tr ic ts  to consolidate, to review  accred ita tion  req u irem en ts , o r  to take 
IeadersM p in im proving the approaches to the adult world tha t our children now 
stum ble through.

It is  suggested  tha t e a r th  science p ro fessionals continue, and increasing ly  
so , to propagandize with national science  organizations over the re la tive  m e rits  
of e a r th  science as a  beginning high school science course . Educational p e rso n ­
nel a t a ll levels  should actively  seek  to d iscourage general science as a cou rse  
and as a  certifiab le  teaching m ajo r o r  m inor. The obsolescent s ta te -lo ca l 
m ethods of ra is in g  funds should be rep laced  by a fe d e ra l-s ta te  financing system  
with a m inim um  of federa l control.

M ontana, a  s ta te  of v a st te r r i to r ia l  expanse and very  sm all school d is ­
tr ic ts ,  req u ire s  of som e teach ers  that they be knowledgeable in sev era l fie lds.
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T eachers with science m ajo rs  therefo re  should be exposed to physics, chem ­
is try , biology, and e a r th  science. A teach e r in a sm all c lass  III d is tr ic t would 
be m ore v e rsa tile  and students would benefit as well. If one teach e r were h ired  
by two o r m ore  contiguous d is tr ic ts  i t  could provide som e of the economic bene­
fits  of consolidation. P rincipals  and superin tendents should try  to effect a p ro ­
g ram  of sharing  equipm ent with neighboring school d is tr ic ts  and should a lso  
encourage th e ir  te ach e rs  to take field  tr ip s .



C H A PT E R  I

INTRODUCTION

The tren d  tow ard the teaching of e a r th  science in Montana secondary 

schools which was advancing noticeably in the early  1960's now seem s to be 

fa lte ring . The purpose of th is paper is  to exam ine what has been happening 

in Montana in th is reg a rd . However, before delving deeply into the problem  

som e background perta in ing  to the re la tiv e  m e rits  of e a r th  science  as opposed 

to general science would be in o rd er.

Looking back on the tw entieth cen tury , future h is to rian s  may well view 

our tim e as a p eriod  of tran s itio n  filled  with c r is is ,  u n re s t, and m alaise . 

P resen tly , th e re  seem s to be an in c reasin g  num ber of well inform ed persons 

who view the n ear fu ture with m ore than a vague apprehension. However, it  

is only from  the vantage point of the fu ture h is to rian  that one can be su re  of 

the answ ers.

The u n re s t th a t is  so evident a ll about us seem s to a r is e  from  sev e ra l 

so u rces . By fa r  the m ost overpow ering and potentially the m ost deadly is the 

problem  of m ushroom ing populations. U nless steps can be taken very soon to 

contro l national and global b ir th  ra te s , a ll o ther efforts may be in vain. A nother 

p rob lem , second only because it  derives from  the f i r s t  is  tha t of pollution, and 

again i t  is  of global sca le . And finally , th e re  is  the p rob lem  of rap id  techno­

logical change and the v eritab le  explosion of available inform ation with its  p e r ­

plexing sto rage  and re tr ie v a l problem  (E hrlich , 1968; L am son , 1969; P itkin, 

1968).
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These p roblem s pose g re a t urgency fo r those who expect to be living 

twenty y e a rs  from  now. A ttitudes of people as p rivate  individuals o r  as p a rt 

of the co rpo ra te  pow er s tru c tu re  may have to undergo considerable revision.

Like i t  o r  not, these problem s a re  with us and they will not go away. If edu­

ca to rs  w ere to fo rm  th e ir  educational philosophy from  an in ternational fram e of 

re fe re n ce , perhaps m ore v isionary  solutions to the problem s of our day would 

be forthcom ing (B ram eld, 1965, p. 103, 116-119).

It was with th is global fram e of re fe ren ce  in  mind th a t an inquiry into 

how ea rth  science was being taught in Montana secondary schools began. E a rth  

science, as a d iscip line, may be a key educational fac to r in m an 's  in itia l e ffo rts  

to contro l pollution of his environm ent. B ecause ea rth  science is  a study of the 

lithosphere , hydrosphere, and a tm osphere , i t  is ideally  suited to a consideration 

of the u rgent problem s of o u r tim e. A firm  g rasp  of key concepts such as the 

rock  cycle , hydrologic cycle , a tm ospheric  c ircu lation , c ru s ta l d istu rbances, 

and the constant tendency tow ard a flattening of the landscape by erosional 

p ro c e sses  can provide the young people of Montana (and hopefully those e lse ­

where) with the excellen t tools and common purpose that a re  so vitally  needed 

fo r the job that is  a t hand.

E ducators and the lay  public have recen tly  shown an in c reased  in te re s t 

in ea r th  science as  a  beginning science course  in secondary education (Shrum 

and Thompson, 1966, ESCP NL-10, p. I) . Environm ental problem s may be 

p a rtly  responsib le  but d issa tisfaction  with general science is  a lso  a strong 

fac to r. This is  partly  because much of the general science sub ject m atte r is
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being tre a te d  in  e a r l ie r  co u rses  and p a rtly  because general science cou rses 

su ffer from  a lack  of continuity (Bisque, 1966, p. I ; P auli, e t a l. , 1969, p. 50).

Since 1961, when the "Study Guide in Science fo r G rades 7-9" was issued  

by the State Superintendent of Public Instruction  fo r M ontana, th e re  has been a 

lim ited  tren d , as in surrounding  s ta te s , to place the study of biology in grade 

seven, physical science in g rade eight, and e a r th  science in grade nine. This 

tren d  in consisten t with the c u rre n t educational trend  away fro m  teaching of 

facts (Taba, 1962, p. 211-215) which quickly become obsolete, and tow ard an 

in c reased  em phasis on d iscovery  in the labo ra to ry  (Bisque, 1966, p. I ; Ladd, 

1968, p. 64).

A ccording to Bisque (1966, p. I) genera l science cou rses  tend to teach 

facts ra th e r  than concepts; they su ffe r from  a lack of continuity; and the sub­

je c t  m a tte r  does not re la te  to the re a l world. He sta tes :

The s tren g th  of e a r th  science as a  discip line is  in its  p resentation  
of ideas in the context of experience o r problem s that re la te  to a 
unifying them e. This them e, a  study of m an 's  environm ent is  the 
rea lm  of e a r th  science (ibid, p. 2).

E a rth  science  then, p roperly  taught, furn ishes the fram ew ork  fo r a 

cou rse  of study tha t prov ides students with in tellectual concepts and princip les 

ra th e r  than fac ts . It teaches them  to think (Taba, 1962, p. 215-220). It affords 

them  an overview  of the p roblem s they will face in th e ir  adult world re g a rd le ss  

of th e ir  college in tentions. The possib ility  of an in te rd isc ip lin a ry  approach to 

global p rob lem s is  exciting. Such an approach  which em phasizes kinship ra th e r  

than d ifferences between the d iscip lines is  v ita l. But sc ien tis ts  and educators 

m ust le a rn  to com m unicate with one ano ther and to work toge ther, fo r ea r th
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sc ien tis ts  cannot do the job alone. It re q u ire s  the in tegration  of effo rt by biol­

og ists , physical sc ie n tis ts , social sc ie n tis ts , po litical sc ie n tis ts , econom ists, 

m athem aticians, and above a ll, sp ec ia lis ts  in  the a r t  of com m unication (Hayakawa, 

1964; Lucio and M cNeil, 1969, p. 196). So fa r  experience has proven it  m ost 

difficult to find sc ie n tis ts  with the scope and inclination n e ce ssa ry  to work with 

educators in developing a  unified approach which adheres to a  coherent them e 

(Bisque, 1966, p. 2; C a rte r , 1967, p„ 2). E a rth  science and o ther d iscip lines 

need to be in teg ra ted  in o rd e r to p re se n t a m eaningful, re lev an t, and continuous 

educational p ro g ram  to young people.

It is  ju s t possib le  than an in teg ra ted  approach using learn ing  situations 

that p e rta in  to the re a l w orld, along with a  continuing com m unications p ro g ram  

that plays up advantages and benefits of a  good education, m ight provide the 

in te re s t and m otivation th a t p resen tly  seem s to lacking. And i t  is  this very  lack  

of m otivation and in te re s t that seem s to be a t the roo t of many of our discip line 

problem s (Hoover, 1964, p. 464; R ogers, 1959, p. 157-158; M oustakas, 1956,

Ch. I) .

STATEMENT OF THE PROBLEM

During the p a s t decade ea rth  science as an in troductory  high school 

science cou rse  has tended to rep lace  the fo rm er general sc ience  curricu lum .

The la t te r  appears to be receiv ing  decreasing  support in enlightened education 

c irc le s  (H enderson, 1969, p. 8 ; Staff R eport, 1963, ESCP N L-1, p. I ;  M errill 

and Shrum , 1966, p. 24). However, the p a s t few y ears  has seen  a slowing 

down, perhaps even a re g re ss io n , of the tren d  toward ea r th  science. The
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p rim ary  purpose of this pap er then is to exam ine what has been happening in 

Montana. T here was no data available which would indicate what the trend  has 

been o r  what the sta tus of secondary school e a r th  science in Montana was in 

1969.
'

P a r t  of the problem  in Montana is  a sh o rt supply of tra in ed  ea r th  science 

te ach e rs , But then, what does one do with the over-supply  of tenured general 

science  te ach e rs  ? Shrum  and Thompson (1966) and M errill and Shrum (1966) 

had d iscussed  the problem ; they suggest, among o ther things, a re tra in in g  of 

those not p resen tly  qualified according to legal s tandards. Howard K. Reith 

(1969 doctoral th e s is , U niversity  of N orth  Dakota) rep o rts : "O ver o n e-th ird  of 

the s ta te s  have no teach e r certification  polic ies in ea rth  science. The sub ject 

is  being taught, fo r the p rim ary  [sic] p a r t, by unqualified te ac h e rs . " The dif­

ficu lties  encountered while try ing  to im plem ent re tra in ing  in Montana will be 

d iscussed  in Chapter III.

One stagnating, econom ic fac to r may be the m ill levy system  which is  

used  to ra is e  additional school funds in Montana; another is the ex trem ely  sm all 

s ize  of many th ird  c lass  school d is tr ic ts .

A ccreditation  requ irem en ts  fo r the secondary schools may not be ade­

quate (B losser and Howe, 1969, p. 90). T eachers in Montana p resen tly  can 

and do teach  out of th e ir  m ajo r o r  m inor fields without fe a r  of a  crackdown 

fro m  accred ita tion  au tho rities .

On the national level th e re  seem s to be no science organization with the' 

capability , m otivation, and in itia tive  to launch a campaign in behalf of ea rth
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science.

A nother fac to r may be the m anner in which course  offerings a re  made 

to teach e r candidates in ou r institu tions of h igher learn ing . It would seem  to 

th is investiga to r, tha t today 's  students face a  scheduling c r is is ;  they cannot 

schedule enough in depth sub ject m a tte r m a te ria l in a four y e a r  curricu lum .

Many young people a rr iv e  a t college as p rospective teach e rs  and a re  

not a t a ll su re  in which field  they wish to m ajo r (Holmes,. 1969, p. 142). They 

seem ed to have gained very  little  knowledge of teaching c a re e r  opportunities 

from  th e ir  high school experience. A fter attending a  higher level institution 

fo r sev e ra l y e a rs  th e ir  aw areness im proves and th is in tu rn  causes many of 

them  to sw itch m a jo rs .

F inally , but not the le a s t  im portan t is  the problem  of lack  of in te re s t 

and m otivation on the p a r t  of many students in our secondary schools. Suspect 

is  our continuing fa ilu re  to provide an in te restin g , re levan t, and continuous 

type of cu rricu lum  in which each student may become involved. .

METHODS AND PROCEDURE

The m ost p ra c tica l way to secu re  data fo r the p ro jec ted  study of ea rth  

science teaching in M ontana was determ ined  to be by questionnaire. The ques­

tionnaire  was devised to resem ble  a  previous questionnaire sen t out by M cMannis 

and Shenkle (1965). It was the expectation th a t the re tu rn ed  data could be com ­

p ared  and co n trasted  to the e a r l ie r  data. The questionnaire consisted  of th ir ty -  

one questions and was th ree  pages long (see the Appendix). Names and ad d resses  

of e a r th  science te ach e rs  w ere com piled from  the "L is t of Montana Science
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T eachers 1968-69" taken from  the "F a ll R eports"  by C lark Fow ler in the office 

of the State Superintendent of Public Instruction . F rom  th is l is t ,  one hundred 

nineteen possib ilitie s  w ere selec ted . A cover le tte r  was included with each 

instrum ent. In som e in s ta n ce s , where it was not c learly  evident that ea rth  

science was being taught as such, an additional le tte r  was ad d ressed  to the 

science departm ent head requesting  tha t the questionnaire be forw arded to the 

applicable teach e r.

Seventy-four questionnaires w ere re tu rn ed  which was 62 p e r  cent of the 

total d istribu ted . Of th ese , six  said  they w ere not teaching ea rth  science a t 

th is tim e. P lease  note tha t h e rea fte r in th is re p o rt, re fe ren ce  to s ta tis tica l 

data will be based  on the s ix ty -e igh t questionnaires from  cu rren tly  active 

te ach e rs .

The questions w ere devised and organized so that, in  a general sense , 

c e rta in  groupings of data would show p a tte rn s  such as the type of teaching 

conditions encountered, teaching m ethods, educational background, the type of 

teaching aids used, and budgetary tren d s . Some questions called  fo r m ultiple 

answ ers and som e fo r com m ents. To avoid confusion and to a ssu re  accuracy 

during the p ro cessin g , the following system  was used. The questionnaires 

w ere se r ia lize d  from  one to seven ty-four and then divided by school d is tr ic ts  

into c lass  I, c lass  II, and c lass  III ca teg o ries . In Montana, a  community of 

8,000 p ersons o r  over is  ra te d  c lass  I; a  c la ss  II d is tr ic t has m ore than 1,000 

but le s s  than 8,000 perso n s; a  c lass  III d is tr ic t is  com posed of le s s  than 1,000 

p ersons (Montana Code, T itle 75, Section 1802, p. 155). Montana school
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d is tr ic ts  a re  officially s e t up on an 8-4 o r  6-3-3  system . An 8-4 system  

sim ply m eans an elem entary  school fro m  grade one to eight and a high school 

from  grade nine to twelve. In a 6-3-3  system  the grade range is as follows: 

e lem en tary , one to six; the jun io r high, seven to nine; the sen io r high, ten to 

twelve (Montana Code, T itle 75, sections 4138, 4201, pp. 318, 324). Montana 

provides an incentive fo r the 6 -3-3  system  because it will re im b u rse  fo r ju n io r 

high school students a t the h igher sen io r high student ra te . As of th is date 

th e re  a re  eighteen d is tr ic ts  with tw enty-five operating ju n io r high schools and 

153 d is tr ic ts  operating both a 1-8 e lem en tary  school and a 9-12 high school 

(Montana Education D irec to ry , 1969). One would expect the figu res to be r e ­

v e rsed  considering the incentive, but one d e te rre n t apparently  is the cost of 

new school buildings; ano ther is  the sm all s ize  of many school d is tr ic ts . A 

c lass  III school d is tr ic t, in o rd e r to m eet minim um  requ irem en ts  fo r existence 

m ust have a taxable valuation of $75,000 and no le ss  than fifteen students 

(Montana Code, T itle 75, Section 1805, p. 157). A school d is tr ic t, in o rd e r to 

qualify fo r the h igher ra te  of re im b u rsem en t m ust have a  m inim um  of 150 jun io r 

high studen ts, th ree  sep a ra te  buildings, and th ree  ad m in is tra to rs  (Montana Code, 

T itle 75, Section 1802, p. 155). Data from  the instrum ents in each school d is ­

t r i c t  w ere then ta llied  fo r  a  total of th ree  ta llie s . To p re se rv e  th e ir  value 

many unclassifiab le  com m ents w ere drawn off in th e ir  en tire ty  so that all those 

perta in ing  to a  p a r tic u la r  question in a  p a r tic u la r  school d is tr ic t  could be found 

on a  single sheet of paper. Each sheet was identified by c lass  of the school 

d is tr ic t, question num ber, and question. Each com m ent was identified by the
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s e r ia l  num ber of the in strum en t. The ta llie s  of all th ree  d is tr ic ts  were then 

to taled  to get overa ll figu res fo r each question..

In addition to the detailed  teach e r questionnaire, two sh o rte r  question­

n a ire s  w ere devised fo r the students taking P hysical Geology 101 a t Montana 

State U niversity . The f i r s t  one was d istribu ted  through th ree  academ ic q u a rte rs  

of 1968-1969. It consisted  of fifteen questions and was re la ted  to th e ir  secondary  

school e a r th  science experience, if  any. The second questionnaire was much 

sh o rte r  and was d istribu ted  only to sp ring  q u a rte r  1970 Physical Geology 101 

students. Its  specific  a im  was to determ ine how many students had had an 

E a rth  Science C urricu lum  P ro jec t (ESCP) course  in secondary  school and if so 

what s ta tis tic a l co rre la tio n s  could be determ ined  from  the data. A nalysis of 

the data is  covered in Chapter III and copies of the questionnaires may be found 

in the Appendix.

The "L is t of Montana Science T eachers  1969-1970" was used to make 

s till  another s ta tis tic a l analysis  perta in ing  to the trend  tow ard ea r th  science 

and away from  general sc ience. Teaching com binations, th a t is ,  o ther science 

cou rses taught by the sam e teach e r w ere a lso  investigated . D iscussion p e r ­

taining to the la s t  two analyses a re  a lso  found in Chapter III.

W here applicable, s ta tis tic a l m eans, m edians and m odes were d e te r­

m ined. They may be found in C hapter III, A nalysis of D ata, and in applicable 

tab les and c h a rts .

LIMITATIONS :

This survey  was lim ited  to ju n io r and sen io r high sch o o ls , both public
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and p riva te  in the s ta te  of Montana. E lem entary  schools w ere not involved 

since the nam es of e a r th  science teach ers  w ere taken from  the science teach e r 

l i s t  which reco rd s  data only from  ju n io r and sen io r high schools in the s ta te .

D istribution of the questionnaire was not considered  ideal because of 

the possib ility  tha t e a r th  science units w ere being offered under the guise of 

general sc ience, sen io r science, o r  som e o ther m isleading title . In some 

instances a  school d is tr ic t may have been in the p ro cess  of a  change-over from  

a seventh g rade  to a  ninth grade offering. This survey may have caught them  

during the tran sitio n  period . Some d is tr ic ts  had begun teaching earth  science 

and then stopped fo r no apparen t reason . Six of the seven ty-four questionnaires 

re tu rn ed  fit th is la s t  situation.

DEFINITION OF TERMS

E arth  Science C urriculum  P ro jec t (ESCP). Sponsored by the A m erican 

Geological Institu te  (AGI) and supported by the National Science Foundation 

(NSF). Faced  with a  rap id ly  growing e a r th  science cu rricu lum  which began in 

New York State, the AGI fe lt that up-to -date  resou rce  m a te ria ls  had to be 

developed fo r teach e rs  of secondary school e a r th  science co u rses . The AGI 

a lso  hoped to im prove e a r th  science teach e r tra in ing , and u ltim ately , to fu r th e r 

the im provem ent of science education in  gen era l. The ESCP prog ram  evolved 

from  th is in itia l e ffo rt (ESCP, 1963, N L -I).

In te rd isc ip linary  approach. This te rm  means d ifferen t things to d ifferen t 

people. The investiga to r uses th is te rm  with meaning in the b ro adest sense . It 

m eans tha t concepts in a learn ing  sequence a re  approached so as to encom pass
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the in te rre la tio n sh ip s , points of view, and attitudes re flec ted  by a ll the m ajor 

d iscip lines including the hum anities. F o r an exam ple, tu rn  to the Review of the 

L ite ra tu re  (p. 26 ) where a geologist’s view is  given. ESCP com m ittee m em bers 

use the te rm  usually as i t  applies to d iscip lines closely re la ted  to ea rth  science, 

e .g .  geochem istry , geophysics, space physics. At tim es re fe ren ce  is made to 

a  conceptual fram ew ork  which includes and tie s  together all a re a s  of science." 

H ere the re fe ren ce  is to biology, ch em istry , m athem atics, physics, astronom y, 

geology, geography, oceanography, and m eteorology which m ust be dealt with 

when d iscussing  the m a te ria ls  and p ro c e sses  which shape our environm ent 

(Bisque, 1966, p. I) .

M odular scheduling. A type of flexible scheduling. Time modules of 

five to th irty  m inutes a re  combined in various plans fo r each subject to su it the 

needs of d ifferen t learn in g  ac tiv ities  and d ifferen t grouping configurations. It 

is  p a rticu la rly  well su ited  to team  teaching situations.

T eacher function. A specified  way in which he pe rfo rm s o r  c a r r ie s  out 

a ro le . In so doing certa in  inform ation o r  experience is tran sm itted  to the 

le a rn e r . The le a rn e r  is  assum ed to acqu ire  im m ediate m eaning which he 

tra n s la te s  into action fo r  his learn ing  ac tiv itie s .



C H A PT E R  II

REVIEW OF THE LITERATURE

T here is  a wealth of l i te ra tu re  tha t re la te s  to the developm ent of s c i­

ence c u rric u la , environm ental p rob lem s, and in te rd isc ip linary  philosophy tha t 

is  p e rtin en t to th is investigation. However, tim e and space will pe rm it only 

b r ie f  su m m aries  of the m ost im portan t a r tic le s .

LITERATURE RELATED TO MONTANA ^

L ite ra tu re  re la ted  to the teaching of e a rth  science in  Montana is

re la tive ly  sp a rse . A sea rc h  turned up the following:

\ "The Study Guide in Science, G rades 7 to 9, 1961", issued  by the 
State Superintendent of Public Instruction , Helena, Montana.

R esults of a  questionnaire d is tribu ted  by McMannis and Shenlde, about 
D ecem ber 1964.

" L is t of Montana Science T each e rs" , 1963-64; 1966-67; 1967-68; 1968- 
69; 1969-70. These l is ts  w ere taken from  the "F a ll R eports" p re ­
p ared  by C lark Fow ler, Science Supervisor in the office of the State 
Superintendent of Public Instruction .

These re p o rts  a re  review ed in detail in Chapter III, A nalysis of Data.

An a r tic le  by Rex C. Haight (approxim ately 1940) d iscussed  the p roblem s 

that a ro se  while try ing  to educate the ru ra l  youth of the G rass  Range school d is ­

tr ic t .  This d is tr ic t covered an a re a  estim ated  by Haight to be about fifteen tim es 

the a re a  of the D is tr ic t of Columbia. At th a t tim e the only p rac tica l solution 

seem ed to be the use of correspondence co u rses . According to Haight the p ro ­

g ram  m et with considerable  su ccess . This a rtic le  proved of in te re s t p rim arily  

because i t  gives som e h is to rica l insight into the problem  of educating the young 

people of Montana. It a lso  gives the re a d e r  an appreciation of the v ast expanse
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of re a l e s ta te  tha t is  Montana.

THESES RELATED TOA STUDY OF EARTH SCIENCE CURRICULA

Reith (1969) made a study of ea r th  science  teach ers  and p rac tices  in 

N orth Dakota and cam e up with som e in te re stin g  orig inal re s e a rc h  data. The 

situation in N orth Dakota is  som ewhat analogous to tha t in Montana, but, in 

North Dakota the e lem en tary  schools include g rades one to eight. Since eighth 

grade e a r th  science is  m andatory th is m eans that a ll e a r th  science teach ers  

have to be certified  as e lem entary  te ac h e rs . R eith 's  purpose was to define the 

w eaknesses of national and s ta te  cu rric u la  and to m ake recom m endations on 

the basis  of the findings. The re su lts  of his investigationshow ed that earth  

science p rocedu res on a national and s ta te  level were weak. Over one-th ird  

of the s ta te s  had no certifica tion  po licies in e a r th  science and cou rses were 

being taught, fo r the m ost p a r t, by unqualified teach e rs .

A ccording to R eith , the lack  of well tra in ed  ea rth  science teachers  is 

forcing  a  tren d  back to general science, if not in name,, in course  content. T here 

seem s to be no p re s su re  fo r qualified te ach e rs  so that ultim ately  there  may be 

no need fo r ea r th  science teach e rs  a t a ll. The situation in N orth Dakota was 

g ro ss ly  inadequate but i t  seem s to be im proving since Reith wrote his th esis . 

The Minot State College has institu ted  a  Cooperative College School Science 

P ro jec t to coordinate the ESCP p ro g ram  with the public schools in the a re a  

(DeWayne M artin , 1970, personal com m unication). Reith recom m ends tha t to 

im prove the North Dakota e a r th  science p ro g ram , the following be done: 

streng then  te ach e r certification  req u irem en ts; the s ta te  board  should enforce
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ex isting  req u ire m e n ts ; in teg ra te  e a r th  science courses under the responsib ility  

of a  single teach e r; prom ote re a lis t ic  m ajo rs  a t the college le v e l; all science 

teaching m ajo rs  should m inor in e a r th  science.

Unpublished m a s te r ’s theses by G raham  (1968) and M errim an  (1965) 

generally  support the findings of Reith (1969), th is investiga to r, and other 

w orkers in the p ro fession . Of p a rtic u la r  in te re s t was the finding by Graham  

th a t the W est V irginia te ac h e rs  surveyed had a lm ost as many c red it hours in 

biology as those earned  in a ll  the o ther science fields combined. Science and 

m athem atics earned  to taled  5,146 o r an average of tw enty-eight c red its  p e r  

respondent. Biology c red its  rep o rted  to ta led  4, 663 o r an average of twenty- 

six  and one half c red its  p e r  respondent. T here were o ther co u rses  recorded , 

bacterio logy fo r exam ple, th a t could be considered  re la ted  to biology. Addition 

of these co u rses  to the to ta l would indicate a  strong background in the biological 

sc iences fo r the respondents. G raham  sta ted  tha t the la rg e s t  num ber of W est 

V irginia jun io r high science  teach e rs  a re  qualified to teach  biology but very  few 

w ere well tra in ed  in any of the sc iences needed to teach  ea rth  science. There 

is  no legal certifica tio n  in ea r th  sc ience , only in general science. She too 

recom m ended tha t ea r th  science be taught as a separa te  co u rse . These m as­

t e r ’s th eses  indicate a common p rob lem , lack  of tra in ing  and prom otional p ro ­

g ram s, with no easy  solution in sight.

ESCP RELATED LITERATURE

The ESCP N ew sletters provide the h isto ry  and m ost recen t data on the 

evolution of the tex t "Investigating the E a rth "  (1968, Boston, Houghton Mifflin .
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Company). Bisque (1966, p. I) wrote about the superio rity  of an in te rd isc ip lin ­

a ry  ea rth  science course  over general science as a re levan t, continuous, and 

meaningful study of our physical environm ent. In a staff re p o rt, Shrum and 

Thompson (1966, NL-10) d iscussed  the p roblem s involved in tra in ing  earth  

science teach e rs  and the fu tu re  p rospects  fo r those thus tra in ed . Helburn 

(1967, NL-13) rep o rted  on the p ro g ress  of the High School Geography P ro jec t 

(HSGP). He sta ted  that th is p ro jec t does not overlap  ESCP, ra th e r , both a re  

com plem entary. "HSGP's c u rre n t e ffo rt is  focused on a 'Settlem ent Theme 

C ourse '. This course  is divided into eleven units and rep re se n ts  a sy stem atic  . 

coverage of geography through the unifying them e of m an’s se ttlem en t-o r- 

occupancy-of the earth . " C a rte r  (1967, p. 2) gave a b r ie f  re p o rt on the sta tu s 

of the Biological Sciences C urriculum  Study (BSCS). He rem ark ed  about the 

noticeable in te rd isc ip lin a ry  re la tionsh ips the ESCP has with BSCS, "Although 

to my knowledge th e re  has never been a  conscious effo rt by those p reparing  

the ES CP m a te ria ls  to in teg ra te  th e ir  m a te ria ls  into the BSCS program . N or 

was th e re  any conscious e ffo rt on the p a r t of those p rep arin g  the BSCS m a te ria ls  

to in teg ra te  th e ir  m a te ria ls  into the ESCP p ro g ra m ." Eighteen months la te r , 

Joseph L. W eitz, ESCP D irec to r, published an a rtic le  in the May 1969 ESCP 

N ew sletter. In it he called  fo r a tru e  in te rd isc ip linary  approach in the handling 

of environm ental fac to rs  and effects in the secondary schools. Biology was one 

of the d iscip lines m entioned specifically  but th e re  w ere no suggestions as to how 

such a  p ro g ram  m ight be im plem ented. As one scans the li te ra tu re  sca tte red  

re fe ren ces  may be found tha t link the National Science Foundation to in te rd is -
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c ip linary  investigations involving the na tu ra l sciences and m athem atics. A ll of 

the aforem entioned a re  signs tha t m ovem ent is  in the righ t d irec tion , but it  is  

th is in v estig a to r 's  im p ressio n  tha t p ro g re ss  is  much too slow.

LITERATURE RELATED TO A  TRUE INTERDISCIPLINARY APPROACH 

Holmes (1969), ex p ressed  the need fo r a lib e ra l education in the m idst 

of an e ra  of specia lization . Although any discip line may se rv e , as a geologist 

he thinks of geology as being the ideal cen tra l core  of "a synthesizing educa­

tional fram ew ork  w herein any given specia lity  can be v isualized  in  te rm s  of i ts  

re la tionsh ip  to the whole field  of knowledge" (Holmes, 1969, p. 142). A m ajo r 

advantage is tha t the high school and jun io r college students can be shown the 

benefits and advantages of such a broad  overview  before they m ust m ake any 

final c a re e r  decisions. He says tha t every  sp ec ia lis t needs to see  his field of 

in te re s t in the context of th is w ider view of our cu ltu re . As a  counterbalance 

to th is n ecessa ry  p ro fessional specia lization , a sym pathetic aw areness of the 

m ain a re a s  of human thought and endeavor should be encouraged. The ground­

work fo r all th is should be la id  ea rly  and constantly re in fo rced  throughout the 

school y e a rs . F igure  I  is  a  reproduction of the d iagram  devised by Holmes.

His in ten t was to com press the field  of knowledge into the sm a lle s t feasib le 

num ber of m ajo r d iscip lines surrounding geology. Holmes fe lt the m ost 

effective geology teach e r is  the one who can lead  students to see  th e ir  

exciting m ajo r field as being v itally  involved in all the o th er fie lds.
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Figure I .  D iagram  to illu s tra te  re la tionsh ips among the fundamental 
d iscip lines from  the standpoint of general education.

B ram eld is  a philosopher and educator. He is in ternational in his out­

look. He sub scrib es  to the following: (B ram eld, 1965, p. 103)

We see  our fundamental goal as w orld civilization and an educational 
system  which in all ways support human dignity fo r all ra c e s , ca s te s , 
and c la sse s ; se lf-rea liza tio n ; and the fu llest vocational, civ ic , and 
social cooperation and se rv ice . In achieving this fundam ental goal, 
th e re  m ust be understanding of and com m ittm ent to the proposition 
that education is  a p rim ary  in strum en t of social change and social 
w elfare.
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B ram eld  re fe rs  to a study made by the Carnegie C orporation. The findings 

w ere that the A m erican studen t's  understanding of in ternational a ffa irs  is 

m ore provincial than in any com parable country; that graduating sen io rs  have 

little  m ore knowledge about foreign a ffa irs  than they had as freshm en; iso la tio n ist 

a ttitudes a re  chronic a t a ll college lev els. B ram eld  suggests that cu rricu lum  

rev ision  is  long overdue. He urges tha t w orld civilization se rv e  as the cen tra l 

concept of cu rricu lu m  in tegration . We should reco n stru c t the en tire  purpose and 

p ro cess  of education. B ram eld  says (1965, p. 118) "m an liv es  in a  period 

fraught with the g re a te s t p e ril he has e v e r encountered". At the sam e tim e his 

period  of ex istence is  one of such awesom e discovery and scien tific  advance tha t 

he has the capability  of producing a way of life  fa r  m ore c rea tiv e  and abundant 

than was ev er before d ream ed possib le . In such a period  much of the inherited  

s tru c tu re  and function of education becom e outmoded. Education, m ore than 

any o ther cu ltu ral institu tion "has the responsib ility  and opportunity to bring to 

all ch ildren  and adults of all countries the full im port of the fearfu l and prom ising  

age in which we live" (B ram eld, 1965, p. 119).

Lucio and McNeil (1969, pp. 316-319) d iscussed  the organizational 

fram ew ork needed fo r cu rricu lum  developm ent. T heir reasoning provides 

understanding in depth re la tiv e  to a true  in te rd isc ip linary  approach. They say 

tha t any plan fo r instructional organization m ust consider the problem s of 

sequence and in tegration . Sequence is defined as "the p rovision  fo r a cum ula­

tive developm ent of an im portan t sk ill, concept, o r value" (Lucio and McNeil, 

1969, p. 316). In tegration is  defined as being "p rim arily  one of overcom ing
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the charge that schools tend to com partm entalize knowledge into subjects so 

that the le a rn e r  cannot see the in te rre la tio n  of his learn ings o r use them  in 

new situations (tran sfe r)"  (Lucio and M cNeil, 1969, p. 317). Integration then, 

com bines subjects into broad  fie lds, e stab lish es  problem -solv ing  co u rses, and 

develops instructional units which cen te r upon the logic of a task  ra th e r  than the 

logic of a subject. Each of these p ra c tic e s , say the au tho rs , is a shift from  - 

faithful e laborations of a  d iscipline to one where su b jec t-m atte r lines a re  broken 

down. The o rd e r of placem ent of contacts o r experiences-has in the p ast usu­

ally been by re la tiv e  degree of difficulty of content. Lucio and McNeil suggest 

the p rincip le  of dependency as an a lte rn a tiv e . F o r exam ple, to understand 

life  science  depends on a p r io r  understanding of the nature  of chem istry . T h ere ­

fo re , schools should f i r s t  o ffer physics, then chem istry , and finally, life ■ 

science. T here  is  a  conflict over organization with a p rim ary  breakdown 

between functionalists and d isc ip lin arian s . D iscip linarians tend toward 

specialization  because they value the d ifferentiation  found in a p a rticu la r know­

ledge as im portan t in itse lf  w hereas functionalists argue tha t that the schools 

organize fo r in tegration  so that le a rn e rs  a re  able to solve m oral and p rac tica l 

p roblem s of a  personal and social na tu re . The authors feel th e re  a re  advantages 

to both positions and propose a  stand in the middle ground. They state: (Lucio 

and M cNeil, 1968, p. 320)

we recom m end the teaching of d iscip lines drawn from  the hum anities, 
physical and life  science, m ath em atics , and the social s c ie n c e s .. .
Newer cu rricu lum  plans in response to social p roblem s will call fo r 
p rese lec tio n  by sch o la rs  of the re so u rce s  (for exam ple, p rinc ip les , 
concep ts , in te rp re ta tions) from  the d iscip lines which p rom ise  to be 
re levan t to the problem s a t hand.
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Holmes and B ram eld  provide considerable insight into the need fo r a 

tru e  in te rd isc ip lin a ry  approach to education. Holmes is orien ted  m ore to­

w ard helping the c a re e r  choice of the high school o r  college student in this 

country w hereas B ram eld  is  concerned with the long range and world-wide 

aspects of education. Lucio and McNeil, on the o ther hand, provide in unbiased 

sum m ary fo rm , the opposing views of both sides in the is su e , the d iscip linarians 

and the functionalists.

LITERATURE RELATED TO ENVIRONMENTAL PROBLEMS

Pitkin (1968), a w rite r  and le c tu re r , has a special in te re s t in dem ography. 

His m ain them e is that the w orld population growth m ust be brought under con tro l. 

He say s , " it is  am azing that so much has been le ft to chance. In no o ther a re a  

a re  p lanners and in te llectuals  m ore open to the c ritic ism  that they a re  m ere  

d re a m ers"  (Pitkin, 1969, p. 474). He feels that although we do p ro jec t from  

p as t experience, our g rave m istake is  in settling  fo r w hatever happens. P itk in  

said  it rea lly  is n 't  so much a  m a tte r of w hether we can provide fo r the in creasing  

populations, "but a t what socia l, m o ra l, and esthetic  costs ?" (Pitkin, 1968, 

p. 476). It is  here  tha t our le a d e rs , in and out of education, m ust stand. In 

the p ast, our approach to socia l problem s usually has been to try  to ignore them ; 

then, too la te , the rem ed ial p rog ram  is found to be e ith e r inadequate o r  outmoded. 

"The gap from  appropria tion  to obsolescence needs to be widened; our pace is 

too fa s t fo r our in stitu tions"  (Pitkin, 1968, p. 478). In many case s , says 

Pitk in , our p rog ram s m ere ly  slow the pace, as in pollution con tro l, ra th e r 

than im proving the situation. The b iggest problem  of all is how to m otivate our
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people to have sm all fam ilies in good tim es o r bad. P itkin does not p ro fess to 

have the answ er but it  is his hope that le ad e rs  in education will assum e a special 

ro le . "They a re  the g re a t q u e s t io n -a s k e rs p e rh a p s  ultim ately  the m overs and 

sh ak ers"  (Pitkin, 1968, p. 479). Hopefully he says, the d iscussion  once s ta r te d , 

will move out of p ro fessional education c irc le s  and into the c lassro o m s. Con­

ceivably, we may find that in the asking, the question will be answ ered.

Lam son (1969) appears to feel that man has hi s' fu ture in h is own hands. 

The m ain th rea ts  to his fu ture come from  m an 's  own c rea tio n s—his use of 

technology and the cu ltu ra l institu tions he has c rea ted . B ecause he no longer 

has the m argin  fo r e r r o r  tha t his once few er num bers provided, he should take 

care  not to m anipulate his environm ent in ways that cause ir re v e rs ib le  changes 

o r  that produce p a ra ly s is  of com m unication and transporta tion  fac ilities  such 

as occu rred  in the N ortheast pow er fa ilu re  of 1966. Man and his environm ent 

in te ra c t continuously and he should consider the g e n e tic ,:physical, and psycho­

logical effects of his actions not only on the p re sen t generation but future 

generations as well. Through education he m ust p reven t fa ilu re  on social and 

po litical levels  tha t would cause deterio ra tion  of his physical and biological 

su rroundings. He urges science teach e rs  to convey the a ttitudes and sk ills  

needed to p ro tec t and prom ote environm ental quality. P itkin and Lam son both 

s tre s s  the im portance of population and environm ental con tro ls in o rd e r to p re ­

serv e  our p lanet fo r fu ture generations and they both ag ree  that the education 

p ro fession  m ust play a  key ro le  in effecting solutions.

RECENT RESEARCH IN SCIENCE TEACHING
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A source independent of the cu rricu lum  p ro jec t com m ittees supplies 

affirm ation  fo r th e ir  e ffo rts . Lucio and McNeil (1969, p. 131) state  that

reaction  against the 'g ra s s  ro o ts ' approach has in c reased  of la te . . .
The trend  tow ard national p ro jec ts  which define content and method 

p ro m ises  to rep lace  'one of the m ost pathetic sights on the cu rren t 
educational horizon—m yriads of local school com m unities, whose 
m em bers have had little  o r  no scien tific  tra in ing , trying to produce 
a  m odern science  cu rricu lum '

However a note of caution has been voiced by Welch (1968). He fe lt 

tha t i t  may be n ecessa ry  to evaluate the national cu rricu lum  p ro jec ts . His 

re p o rt showed that the available inform ation on acceptance of the Physical 

Science Study Com m ittee (PSSC) was incom plete. F igures w ere contradictory  

and lacked a  sound s ta tis tic a l b a s is . A s im ila r  situation appears to ex ist in 

o ther c u rr ic u la r  a re a s . United States Office of Education and the National 

Science Foundation-Educational S erv ices, Inc. figures v a ried  by a fac to r of 

two fo r the 1964-65 PSSC enrollm ent. Welch recom m ended that som e capable 

group accep t responsib ility  and com pile and evaluate the v ita l s ta tis tic s  fo r 

the various science p ro jec ts .

W elch and W alberg (1969) s ta te  tha t m ost cu rricu lum  study groups have 

not m ade valid  evaluations re la ted  to course  im provem ent. Many com m ittees 

seem  to confuse the te rm  evaluation with achievem ent testing. In other w ords, 

they a re  testing  to see  how well students did in the course , and not how much 

b e tte r  th e ir  cu rricu lum  study course is  com pared to an o ld er conventional 

co u rse . Welch and W alberg have designed an a lternative  model of cu rricu lum  

evaluation nam ed P ro jec t Physics which they feel is m ore valid . They define 

evaluation as "those ac tiv ities  which provide inform ation useful in course
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im provem ent and which show how effective the course is under specified school 

conditions" (Welch and W alberg5 1969, p. 10). The au th o rs ' re se a rc h  objectives 

a re  threefold: to im prove the course; to provide consum er inform ation; and to 

provide educational re sea rc h . To achieve these objectives they designed 

th ree  in s tru m en ts . The f i r s t  m easu res  the change in studen ts, the second 

desc rib es  the kinds of students, and the th ird  describes the kinds of teach e rs . 

They adm in istered  these te s ts  before , during, and a fte r cou rses  in P ro jec t 

P hysics. As a control te s ts  w ere a lso  adm in istered  to students and teachers  

in nonproject co u rses . They rea lize  tha t th e ir  partic ipan ts  a re  a ll volunteers 

and do not re p re se n t random  sam ples on which s ta tis tic a l in ferences may be 

m ade. However, th e ir  t r ia l  model did p e rm it a tentative c o n tra s t between the 

experim ental and control schools and allowed fo r a num ber of co rre la tional 

studies among teach e rs  and students. They point out that th e ir  purpose is  not 

to dem onstrate  the re la tiv e  quality of th e ir  course but ra th e r  to specify dif­

fe ren tia l changes tha t occur. Welch and W alberg plan fu rth e r studies using 

random  sam ples. Em phasis thus fa r  has been on the physics cu rricu lum  but 

the au thors say th e ir  re s e a rc h  may be applied to other c u rr ic u la r  a reas .

B lo sse r and Howe (1969) analyzed recen t re se a rc h  as  i t  re la ted  to the 

education of secondary science te ach e rs . They found that an in te re s t in science 

appears to p recede an in te re s t  in teaching and that there  a re  identifiable p e rso n ­

ality  tra its  a sso c ia ted  with individuals en tering  science teaching from  science 

backgrounds. They also  found tha t science  teach e rs  p o sse ss  no g re a te r  degree 

of knowledge and understanding of science methodology than do teachers  of
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other sub jec ts. A group of philosophy m ajo rs  w ere included in one investigation 

and it  was found that they dem onstrated  a b e tte r understanding of the nature of 

science than did the population of science teach ers  (this would seem  to lend 

support to the feasib ility  of a  true  in te rd isc ip lin a ry  approach because the non­

science te ac h e rs , a t le a s t, have an acquaintance with o ther d iscip lines). T here  

is  s trong  evidence tha t an understanding of the nature of science  and scien tific  

methodology can be taught. The data can be used to in fe r th a t th is aspect of 

the p rep ara tio n  of science  teach ers  d eserves fu rth e r study. The m ost im portan t 

a re a  of com petancy fo r a science te ach e r was found to be that of effective use 

of labo ra to ry  work to teach  methods by which sc ien tis ts  have solved problem s 

and have helped students to le a rn  to identify problem s and solve them  em pirica lly . 

It was found, as of 1964, that 123 institu tions in the United States .offered som e 

type of p rep ara tio n  fo r e a r th  science te ac h e rs . Recom m endations by many 

com petent persons indicated a concern fo r teach er function (see Definition of 

T erm s) and te ach e r com petencies ra th e r  than fo r c red it hours of courses in the 

sciences o r  p ro fessional education. However, as B lo sse r and Howe pointed out, 

s ta te  certifica tion  requ irem en ts  have not reflec ted  the function and competency 

em phasis. The em phasis is  s till on cou rse  work and c re d it hours, and the tren d  

is  tow ard in creasing  them  quantitatively.

P au li, L arso n , and VandenAvond (1969) did re se a rc h  through which they ' 

hoped to p red ic t the effect of an ESCP cou rse  on college level geology. They used 

the T est of Scientific Knowledge (TOSK) and a modified college physical geology 

exam ination; The la t te r  was m odified in the sense that the p ro fesso rs  personal
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bias (lecture  re la ted  questions) was rem oved. T heir approach seem ed ra th e r  

m eticulous and the re su lts  should be of sufficient validity as to allay  the fea rs  

ex p ressed  by W elch (1968). The authors feel that ESCP is  su p e rio r to e ith e r 

general science o r a non-ESCP course  fo r strengthening the science backgrounds 

of students in the secondary  schools. They say that TOSK p red ic ts  that ESCP 

students a re  b e tte r  p rep a red  fo r  physical geology than students without ESCP. 

They a lso  feel the re su lts  confirm  that an experienced, well qualified ESCP 

teach e r is  m ore effective than those tha t a re  not ESCP tra in ed . Pauli, L arS on , 

and VandenAvond, concluded that ESCP is an effective p ro g ram  fo r im proving 

scien tific  understanding and ab ilities  of students.

Champlin (1970) m ade a  review  of recen t re se a rc h  re la ted  to ESCP. It 

had been five y e a rs  since the f i r s t  instruc tiona l m ate ria l fo r ESCP appeared. 

During th is period  nine re s e a rc h  studies and sev era l su rveys had been con­

ducted. Six of the studies dealt with student achievem ent and th e ir  findings 

seem  to indicate the ESCP is su p erio r to non-ESCP co u rses . However, a 

c le a r-c u t case  could not be estab lished  due to the sm all num ber of studies and 

to the d iv ers ity  among them . The D ifferential Aptitude T es t (DAT) and the T est 

of Scientific Knowledge (TOSK) w ere used. The re s e a rc h e rs , by th e ir  cautious 

s ta tem en t of outcom e, seem ed to be well aw are of the p roblem s re la ted  to 

validity as brought out by W elch (1968). Champlin (1970, p. 7) placed consid­

e rab le  em phasis on the re se a rc h  finding " that the combination of the right 

cu rricu lu m  with the app rop ria te  te ach e r, was an im portan t fac to r in influencing 

student outcomes','. He closed by saying, "the u ltim ate value of ESCP can only
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be decided through carefu l re se a rc h "  (Cham plin, 1970 p. 38). The foregoing 

a r tic le s  w ere cited  because they give som e insight into the recen t evaluative 

re se a rc h  re la tiv e  to science  cou rses and science teaching.

A GEOLOGIST'S VIEW

Gilluly (1962) em phasized the im portance of geology in the life of man; 

he d iscussed  its  h is to rica l aspec ts  dating back to the tim e of the Industrial 

Revolution. He also  s tre s s e d  the point th a t m ineral deposits a re  exhaustible, 

a  fac t carry in g  with it g re a t social and po litical im plications yet one often o v er­

looked by econom ists and po litic ians. He s tre s s e d  th ree  m ain points: f i r s t ,  the 

ex trem e age of our ea rth ; second, that environm ental conditions have been 

re la tive ly  s ta tic  fo r about the la s t  billion y e a rs ; th ird , that we a re  the surviving 

end products of a fan tastica lly  m arvellous evolutionary sequence of which our 

spec ies  is  but a tiny and frag ile  rem nant. Gilluly rem inds us that changes 

range from  the v ast, in te rm s  of m illions o r  billions of y e a rs  to som e tectonic 

ac tiv itie s  that occur in seconds, e .g . the Disappointm ent Bay, A laska ea rth ­

quake, a dislocation of forty-tw o fee t in ten seconds. This concept of change 

is  som ething all too few eng ineers a re  aw are of. We a re  in the middle of the 

e a r th ’s geologic h is to ry , and many cu ltu ra l attem pts to contro l natu ral p ro cesses  

a re  planned on too sh o rt a  tim e sca le . He says, "geology teaches us of the 

g re a t antiquity of our globe and of the life  upon it. It teaches of a  p e rs is ten ce  

of conditions much like those of our day" (Gilluly, 1962, p. 9). However, it 

ju s t as insisten tly  teaches us that the landscape is  not perm anent, that e ro sion  ■ 

and uplift a re  everyw here about us, and tha t we cannot hope to perm anently
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p re se rv e  ou r surroundings as they a re  now. G illulyts views seem  to lend 

support to the argum ent that a broad  overview  of the field o f knowledge is 

needed by secondary students and the genera l public. His approach was made 

all the m ore  in te re s tin g  because of its  h is to ric a l, po litica l, and economic 

overtones, which m akes it som ewhat in te rd isc ip lin a ry  in c h a rac te r.



C H A PT E R  III

ANALYSIS OF DATA

The data re la ting  to ea r th  science teaching in Montana is  from  four 

sou rces: the th irty -one  question questionnaire sent to the Montana earth  

science te ach e rs ; a fifteen question in strum en t d istribu ted  to students in 

physical geology a t Montana State, U niversity  (MSU) during the 1968-1969 

academ ic y ea r; a  sh o rt th ree  question in strum en t devised fo r students in phy­

s ica l geology, a t MSU during the spring  q u a rte r  1970; and the science teacher 

l is ts  fo r Montana from  1963 to 1970 (excluding those fo r 1964-65 and 1965-66 

which w ere not available). A nalysis is  in n a rra tiv e  form  except where tab les 

o r  ch arts  a re  m ore exp lic it. Copies of the questionnaires may be found in the 

Appendix. The o rd e r of d iscussion  is  generally  as found in the questionnaires. 

U nless re fe ren ced  specifically , co rre la tio n s  with the McMannis and Shenkle 

R eport (1965) w ere found to be not significant.

THE SCIENCE TEACHER QUESTIONNAIRE 

Two questions on d is tric ting  and type of school w ere asked because the 

population of a d is tr ic t and the population of an individual school d irectly  

influence the answ ers received . A breakdown of the six ty -e igh t questionnaires 

by school d is tr ic ts  showed 21 schools in c la ss  I d is tr ic ts , 31 ,schools in c lass  

II d is tr ic ts , and 16 schools in c lass  III d is tr ic ts . The six ty -e igh t schools that 

rep o rted  back included 46 sen io r high schools, 15 junior high schools, and 6 

com bination ju n io r-se n io r high schools. One teach er did not indicate his type 

of school.
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A nother group of questions (#3, #4, #5, #6, #7, #10) was deem ed im ­

p o rtan t because it gave an indication of teach e r load, p rep ara tio n  tim e, 

potential p roblem s re la tiv e  to span of attention, and the genera l quality of 

each course.. C lass periods ranged from  forty -five  to seventy m inutes in 

fourteen  d ifferen t tim e spans. The data showed that 56 te ach e rs  taught in 

the fifty to sixty m inute range. Fortunately  fo r the students,, only 3 teach ers  

sa id  they had seventy m inute p e riods. T here were 8 whose c lass  periods 

ranged from  fo rty -five  to fo rty -n ine  m inutes, o r  who had m odular scheduling 

(see Definition of T erm s). M easurem ents with norm al ch ild ren  have been 

made to te s t  span of attention. They yielded values ranging from  seconds to 

fo rty -fiv e  m inutes (Moyer and Von H a lle r G ilm er, 1955). T here  have been 

many o th er studies m ade re la tiv e  to th is complex subject and they seem  to sup­

p o rt the conclusion that overly  long c la ss  periods in secondary schools should 

be used  with caution. As expected, teach e rs  in the c lass  II and c lass  III d is­

tr ic ts  tended to teach  ea r th  science  few er tim es a day but nearly  all taught it  

four o r  five tim es a  week. In the c lass  I d is tr ic ts  16 teach e rs  taught earth  

science th ree  to five tim es a  day. The s tu d en t-to - teach er ra tio  reported  

ranged from  a low of ten to one to a  high of th irty -e ig h t to one. Eleven teach e rs  

rep o rted  tw enty-five students as average . O ther average figu res that o ccu rred  

frequently  w ere 30, 28, 27, 26, 20, 16, and 15 studen ts. A nsw ers re la ted  to 

the length of course  indicated  tha t 60 te ac h e rs  w ere on a two se m e s te r  basis  

and 5 on a  one s e m e s te r  b a s is . One te ach e r covered the cou rse  in one and one- 

half s e m e s te rs , another in four s e m e s te rs , and one did not com m ent. Planned
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lab o ra to ry  periods ranged from  none to th ree . There w ere, reg re ttab ly , 19 

"no lab" re sp o n ses. T h irteen  said  they held one lab p e r week; 17 had two 

labs p e r  week. A ccording to McMannis and Shenkle (1965), m ost schools 

rep o rted  about twenty p e r  cent of th e ir tim e is  spent as lab  tim e. Surm ising 

co rrec tly  that not all e a rth  science teach e rs  teach in th e ir  m ajo r field, they 

w ere asked  to s ta te  the to tal num ber of c la sses  taught p e r day and the number" 

of free  periods they had p e r  day. Only 10 rep o rted  having two free  p e riods, 2 

rep o rted  no free  p e rio d s , and 51 rep o rted  one free  period; I  had guidance 

duties a f te r  teaching one c la ss , I  had four to nine free  periods (modular 

scheduling), I  had le s s  than a  full free  period , and 2 did not com m ent. Not 

su rp ris in g , the teaching load is  heavy. Data from  question ten show that the 

m ajority  of the te ach e rs  had only one free  period  fo r p rep ara tio n . C lass load 

seem ed excessive: 11 indicated th irty  o r  m ore students, 32 indicated from  

tw enty-four to tw enty-nine studen ts. Only 25 o r  about th irty -sev en  p e r cent 

had le s s  than tw enty-th ree  students p e r c la ss . About 90 p e r  cent of the teach ers  

rep o rted  they w ere on a two se m e s te r  b a s is . This is indeed encouraging since 

th is course  cannot be taught m eaningfully in a  sh o rte r  period  of tim e. P e rso n ­

nel rep resen ta tiv es  W inston W eaver of the B illings school d is tr ic t  and R ussell 

C arlson of the G reat F a lls  school d is tr ic t both rep o rt (1970, o ra l communication) 

that all of th e ir  schools will be on a  two se m e s te r  basis  by the fall sem es te r 

1970.

Question eight about grade level was asked to get som e idea of how well 

the study guide in science recom m endations w ere being followed. The response  

to the g rade level in which the course  was taught showed that the schools s u r ­
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veyed w ere, fo r the m ost p a r t, following the study guide. F ifty -th ree  teach ers  

which is about seventy-eight p e r cent of the to ta l, taught a t le a s t  in the ninth 

g rade , 10 in the eighth g rade , and 5 above the ninth g rade . Only one school 1 

each in the B illings and G reat F alls  school d is tr ic ts  teach ea r th  science in the 

ninth g rade; the r e s t  a re  eighth grade co u rses . The McMannis and Shenkle 

R eport (1965) indicated that eighty-five p e r  cent w ere teaching in the ninth 

g rade. The tren d  seem s to be a b it uncertain  in th is a rea .

Question nine on ability  levels was asked to help a sce rta in  c lassroom  

atm osphere . Ability grouping is  not fe lt to be advisable except under ex trem ely  

repetitive  s ituations. A rb itra ry  grouping may c rea te  undesirab le p re s su re s  

tha t can lead  to d iscip line p rob lem s. Grouping to achieve homogeneous 

academ ic ability  has always been illu so ry  since homogeneity in any one re sp ec t 

will inevitably introduce heterogen ieties in  o thers  (Taba, 1962, p. 170). There 

w ere 46 teach e rs  who rep o rted  that they did not divide th e ir  c la sses  into 

ability  levels; 20 who sa id  they did; there  w ere 2 who did not com m ent.

In an a ttem pt to see if the ea rth  science teaching effo rt was badly de­

cen tra lized  the teach e rs  w ere asked in question eleven how many o ther teach e rs  

in th e ir  sy stem  taught ea r th  science. T here were 35 teach ers  in the c lass  II and, 

c lass  III d is tr ic ts  who rep o rted  that th e re  w ere no o ther e a rth  science teach ers  

in th e ir  system ; 11 rep o rted  one o ther teach er. A nsw ers from  class I d is tr ic ts  

w ere m ore difficult to c lassify  since som e teach e rs  e ith e r m isunderstood the 

question o r w ere not su re  how many o thers  in th e ir  system  taught earth  science. 

However, by noting duplicate answ ers and com paring with the "Montana Science
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T eachers L is t" , i t  seem s tha t the following num ber of teach ers  p re sen t earth

science course  work in c lass  I schools.

Anaconda 2 Helena 3

B illings 5 K alispell I

G reat F alls 3 M iles City 0

M issoula 3

The low num bers quoted show that the tendency for school ad m in is tra to rs  to 

fill teaching voids in th e ir  faculty schedule with any available teach e r is  not a  1 

m ajo r p roblem  in M ontana—a t le a s t not in ea rth  science teaching.

The next group of questions considered  (#12, #13, #14) was posed to 

find out what types of teaching fac ilitie s  w ere available. E a rth  science teach ers  

need a  room  of th e ir  own in o rd e r to p rep a re  a p roper atm osphere; they’ need a 

lab  of th e ir  own in o rd e r  to p rep a re  dem onstrations ahead of tim e. T h irty - 

eight teach e rs  rep o rted  tha t they had th e ir  own c lassroom  fac ilitie s  while 30 

said  they m ust sh are  th e ir  fac ilitie s . In ra tin g  those fac ilitie s  9 sa id  excellen t, 

17 good, 23 fa ir ,  and 19 poor. T here w ere 49 who did not have separa te  la b o r­

a to ry  fa c ilitie s , 17 who did, and 2 who did not comment. Rating of the labs' 

showed that 8 w ere excellen t, 8 w ere good, 12 fa ir , and I  poor. There w ere 

39 who did not ra te  the labs (those respondents indicating no sep ara te  lab 

fac ilitie s) . The McMannis and Shenlde R eport (1965) indicated  that out of 35 

responden ts, only I  had an ea rth  science  room  for a lab , 8 used a general p u r­

pose room , 4 used  a general science room , and the o ther 22 used physics o r  

chem istry  fac ilitie s  o r  had none a t a ll. The num ber of te ach e rs  having th e ir
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own lab fac ilitie s  in c reased  by twenty-two p e r  cent since 1964. Table I gives 

a  com parative analysis  of the foregoing data.

TABLE I

DISTRIBUTION OF TEACHING FACILITIES 
AND RELATED TEACHER EVALUATIONS

T each e r's T eacher T eacher ratings
own room sh a re s  room E G F P

C lassroom 38 30 9 17 23 19

L aboratory 17 49 ' 8 8 12 I

Question fifteen asked about annual budgets fo r ea rth  science because 

the am ount of money availab le re flec ts  d irec tly  on the quality of the course. 

Inflation and the som ew hat m ore sophisticated  requ irem en ts of the ESCP co u rse  

req u ire  a f irm e r  com m itm ent of a m ore substan tia l sum  of money by the school 

adm in istra tion  than h ere to fo re  has been custom ary . Annual budgets fo r ea r th  

science  co u rses  w ere not overly genero u s. T hirteen  rep o rted  le s s  than $200 

p e r  academ ic y ea r; 18 ranged between $200 and $500; one perso n  said  it  v a ried  

between $200 and $900; one bold soul sa id  "the sky 's  the lim it" ; there  were 35 

who e ith e r did not know th e ir  budget o r  sa id  i t  was v a riab le . M ore definite 

answ ers probably would have resu lted  had the question been m ore specific.

The McMannis and Shenkle R eport (1965) showed a  few with fa irly  lib e ra l bud­

gets (to a m axim um  of $500 p e r year) but m ost respondents received  le ss  than 

$100 p e r  y e a r . Com parison of the two re p o rts  seem s to show only slight im ­

provem ent in the situation.
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The next group of questions (#16, #17, #18) were asked to get som e 

idea of the educational atm osphere in the c lassroom , in p a rtic u la r , how the 

teach e rs  conducted th e ir  c la s se s . When asked how they spent th e ir  c lassro o m  

tim e , 37 checked le c tu re , 52 d iscussion , 20 review  of text, and 16 com m ented 

under "o ther" . The la t te r  included m iscellaneous lab s, group stud ies, dem­

onstra tions, and student investigations. In a  c lo se r analy sis , it  was found 

tha t 36 teach e rs  used e ith e r lec tu re  alone o r in combination with d iscussion 

o r  review  of text. This was fifty -th ree  p e r cent of the to ta l. A ccording to 

McMannis and Shenkle (1965) c lassro o m  tim e averaged  eighty p e r  cent le c tu re -  

d iscussion  and twenty p e r  cent lab tim e. This would seem  to indicate a desirab le  

d rif t away from  lec tu re -ty p e  co u rses .

Asked w hether homework was assigned , 66 said  y e s , 2 said  no. F ifty - 

th ree  sa id  th e ir  assignm ents w ere ligh t, 8 w ere heavy. F ifty -seven  said  they 

assigned  from  the text; 27 assigned  outside reading; 25 assigned  problem s; 

th e re  w ere 10 m iscellaneous com m ents which re fe rre d  to science notebooks 

and p ro je c ts , re p o rts , w orksheets, lab  re su lts  and observation.

Response to the query on field  tr ip s  p e r  sem e s te r  was ra th e r  d isap­

pointing. F ield  tr ip s  a re  an im portan t p a r t  of an ea rth  science course. About 

the only way to rea lly  apprecia te  e a r th  fea tu res  is  by an in context f irs t-h an d  

view. Adm ittedly there  a re  log istica l problem s to be solved, especially  when 

c la sses  a re  la rg e , but the active support of a p rincipal o r  superin tendent goes 

a long way tow ard th e ir  resolution (Goedkin, 1969). Twenty-five o r nearly  

o n e-th ird  of the group said  they conducted no tr ip s ; 23 o r  nearly  another th ird
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said  sa id  they conducted one field tr ip ; 10 said  they conducted two field tr ip s  

p e r  y ea r; ano ther 9 respondents sa id  they took anywhere from  th ree  to twelve 

field tr ip s  during the sem e s te r ; and one did not comment. It is  possib le  that 

those taking in excess of th ree  o r four field  tr ip s  rea lly  m eant p e r  academ ic 

y ear. F igure 2 shows the percentage d istribution  of the field  tr ip s . The tr ip s  

involved exam ination of local geom orphic fe a tu re s , local fo rm ations, local 

fo ss ils , local m ineralogy, glacial fe a tu re s , and v isits  to m eteorology s ta tions. 

Since there  is only one m eteorology departm ent in Montana, a t Bozeman, the 

respondents probably m eant United States w eather fac ilitie s  a t local a irp o rts .

One m entioned a  tr ip  to C ra te rs  of the Moon, Idaho, sev e ra l to Yellowstone 

National P a rk , th ree  m entioned having access  to a irc ra f t ,  and severa l m entioned 

field  tr ip s  that included ecological a sp ec ts . These la s t  few and especially  those 

tha t include ecology could be ra th e r  rew arding  because the in te rre la tio n sh ip s  of 

the biological and geological aspects of ou r environm ent a re  so much m ore 

evident. G eographical location, w eather, c lim ate, and in traschoo l coordination 

a ll have a  profound effect on field  tr ip  activ ity  and course sequence. The M cM an- 

nis and Shenkle R eport (1965) indicated that about fifty p e r  cent of the teach ers  

take students on field  tr ip s , but only a t  the ra te  of one o r two p e r y ear. A few 

conducted as many as five field  tr ip s  p e r  y e a r . A com parison between two 

questionnaires would seem  to indicate a  s ligh t degree of im provem ent. The 

re luctance  to take field  tr ip s  might be construed  as a reflec tion  of both inadequate 

background, which tends to low er self-confidence, overcrow ded teaching sched­

u le s , and difficulty in securing  school board  approval to use a school bus.
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1.5% 1.5%

F ield  T rips

F igure 2. P e r  cent d istribution  from  teach ers  
who take field trip s
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Question nineteen was asked in o rd e r to determ ine the actual text book 

d istribu tion  and the degree of acceptance of the ESCP te s t. A varie ty  of r e ­

sponses was received . "M odern E a rth  Science" by Ram sey and Burckley (MES) 

proved to be the m ost popular; it  e lic ited  47 responses. "Investigating the 

E arth "  the ESCP tex t published by Houghton Mifflin ran  second with 14 u se rs ,

4 of which w ere in c lass  II and III d is tr ic ts . There w ere 10 who used "The 

W orld We Live In" by Namowitz and Stone (WWLI) and 4 who used "E arth  and 

Space Science" by W olfe, e t al. (ESS). O ther texts mentioned w ere not used 

by m ore than one teach e r and a re  lis te d  in the Appendix. At le a s t  th ree  e ith e r 

used no tex t o r  w ere in a  s ta te  of tran sitio n . Three said  they used two tex ts , 

and a t le a s t  two sa id  they hoped to go to ESCP in the 1969-1970 academ ic y e a r . 

The fac t tha t the ESCP tex t accounted fo r twenty p e r  cent of the to tal is  an 

encouraging trend .

The next group of questions (#20, #21, #22) w ere of a  follow-up to ques­

tion nineteen. The te ach e rs  w ere asked  which chap ters o r  units they om itted 

and why; did they follow the sequence recom m ended by the au thor, and if not, 

why not; and optionally what sequence did they follow. The varie ty  of responses 

due to the many d ifferen t texts used and local conditions made analysis of the 

data difficult and som ew hat subjective. Subject m atte r a re a s  had to be picked 

a rb itra r i ly  in o rd e r  to obtain a  close c lu sterin g  of resp o n ses. The re su lts  w ere 

not su rp ris in g , considering M ontana’s landlocked geographical location and many 

inadequately p rep a red  te ac h e rs . O nissions a re  as tabulated below.
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Oceanography 17 A stronom y 9

M eteorology 16 Geomorphology 7

Clim ate 15 Tectonics , 3

H isto rical aspects 11 Rocks 2

E arth  m otion 2

Fifteen said  they om itted  nothing but judging from  two com m ents about scanning, 

th e ir  depth of coverage may be sub ject to som e speculation. Thirty  rem ark ed  

th a t lack  of tim e was the main problem ; th is seem s to c o rre la te  strongly  with 

the data of question ten. Eight did not com m ent. There w ere 37 who do follow 

the recom m ended sequence, 25 who do not, and 6 who did not comment.. R ea­

sons given fo r not following the au th o r 's  sequence a re  as follows:

Influenced by various course  overlaps and

local scheduling 16

Lack p ro p e r fac ilitie s  I

W eather conditions 8

D on't like  suggested  sequence 7

A ffected by cu rre n t events . I

V aries according to c lass  ability  I

V aries according to teach e r ability  I

The com m ent "don 't like suggested sequence" would seem  to indicate m ore 

confidence on the p a r t  of the teach e r and le s s  dependence on the text. The 

com m ent "v a rie s  according to c lass  ab ility" is  disturbing because evaluation 

of students from  y e a r  to y e a r  might not be, en tire ly  consisten t. Of those who



follow the sequence five liked the text as i s , one adm itted  to very  little  back­

ground, and one said  "in a  ru t" . One teach e r who uses "M odern E arth  Science" 

sa id  he in se r ted  a month of physics and chem istry . This teach e r has neither ' 

a  m ajo r nor a  m inor in e a r th  science but s ta ted  his background was in physics 

o r  ch em istry . He may find the ESCP tex t m ore to his liking. When asked, as 

an optional question ju s t what sequence actually  is  followed, 23 said  they fol­

lowed the tex t (these w ere p a r t  of the 37 who answ ered in question 21), 19 

com m ented in som e detail, and 26 did not com m ent a t a ll. The data on sequence 

followed, when exam ined,did not p re sen t any useful o r  meaningful p a tte rn s ’ and 

a re  not included in th is rep o rt. The data com piled fo r th is question group 

seem s to reveal c e rta in  p a tte rn s . One was a co rre la tio n  between teachers  who 

followed the sequence and who had a  lim ited  course background; this could 

equate to lack  of confidence. A check of the data did show som e corre la tion .

There w ere th irty  teach e rs  who said  they followed the sequence and who had a 

m inor o r  le s s  fo r background. However seventeen o thers who had neither 

m ajo r nor m inor said  they did not follow the sequence. The evidence is  not 

conclusive and could be a  subject of fu r th e r re sea rc h  by som eone with a back­

ground in psychology. F o r those that did not follow the tex t, tw enty-seven in 

a ll, i t  could m ean the tex t used was le s s  than ideal. The la rg e  num ber of 

units om itted  by these teach e rs  seem s to re f le c t both a lack  of p reparation  

tim e and a p ro p e r background.

It would seem  that "Investigating the E a r th " , the ESCP tex t, is as 

close to ideal as one can hope to get. It was devised by enlightened individuals

- 3 9 -
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in a dem ocratic  group atm osphere which encouraged a m axim um  of creativ ity .

It continued over an extended tim e period  because there  was a need fo r eval­

uation, feedback, and im provem ent. T here w ere sev era l p re lim in ary  copies 

issu ed , teach e rs  actually  used them , in form ed people supplied constructive 

com m ents, rev isions w ere m ade, and finally a  workable tex t was published.

A consensus from  many minds should be fa r  su p erio r to tha t which evolves 

from  one o r only a  few m inds; the few er m inds the m ore subjective. T here­

fo re , som e of the com m ents tha t p e rta in  to the tex t, and to ES CP in p a rtic u la r , 

as well as analysis  by in d irec t m eans m ight be ra th e r revealing . Comments 

that ESCP is  too difficult because of m athem atical concepts o r  o ther reaso n s, 

should not d e te r its  acceptance. R ather, a review  of the p r io r  education of 

the students in  the school system  m ight well be in o rd e r. Those that object 

because of the overlap  of subject m a tte r  m ight be the very  ones who need to be 

brought up to certification  standards o r who need th e ir  w orld broadened. The 

new ESCP tex t is  revolutionary  in many ways in its trea tm en t and organization 

of subject m a tte r, it  does not follow trad itional outlines which a re  neat and s im ­

ple. It is  ra th e r  one of overlapping concepts w here, fo r exam ple, w ater is  not 

concentrated  in its  sphere  o r  cycle but ra th e r  as  i t  a r is e s  in concepts of a tm os­

pheric  c ircu lation  ocean c u rre n ts , ground w ater, erosional p ro c e sse s ,e tc .

Many seem  to feel m ost uncom fortable with th is change. T here a re , of cou rse , 

educators who feel that tex t book cou rses of any so rt a re  no good and fo r them , 

the ESCP tex t is  not the answ er. However, fo r the level of tra in ing  of earth  

science teach e rs  in Montana colleges, a  tex t that em phasizes labo ra to ry  ex p er­
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im entation as th is one does has much to recom m end it.

As has ju s t been shown "M odern E a rth  Science" seem s to be popular 

w here the teach e r lacks a  strong  background in earth  science. This text is 

quite well w ritten , is  a ll-in c lu siv e , has good vocabulary and review  question 

sec tions, and th e re  a re  num erous excellen t co lor p la tes. A t the very  le a s t  i t  

has rea l value as a  back-up o r re fe ren ce  book. Unfortunately, the texts 

"Investigating the E a rth "  (ESCP), "M odern E a rth  Science", and "E arth  and 

Space Science" (which is  s im ila r  to MES) w ere the only ones available in the 

MSU lib ra ry ; the in v estig a to r was unable to analyze the o ther tex ts that a re  

being used.

To check on te ac h e r a le r tn ess  to recen t developm ents in ea rth  science 

teaching question tw en ty -th ree  asked about the new ESCP tex ts . Forty-five 

sa id  they had seen them  and 23 had not. Asked if they would like  to use them , 

31 sa id  y es , 11 said  no, 4 sa id  m aybe, and 14 did not com m ent. One teach e r 

sa id  he had used the ESCP tex t before. An optional p a r t of th is question asked 

them  to give a reason  fo r  th e ir  answ er. The response was good and com m ents 

w ere quite varied . B ecause som e insight may be gained from  them  they a re  

included in th is re p o r t as follows:

Will use next academ ic y e a r  4

Too difficult 3

Too e lem entary I

Lack space o r lack  equipm ent 4

Like p re sen t tex t 3
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O verlap of m a te ria l is  confusing 

Too much lab and lacks vocabulary 

Labs good fo r low er IQ 's

2

I

I

R equires additional teach e r train ing 

E xcessive work load; lack  of tim e I

I

U nrelated  to student in te re s t 2

Common concept of tex t unnecessary I

We teach  geology only I

Lacks n ecessa ry  teach e r to student ra tio  o r  space 
(This teach e r averages 33 students) I

T eacher leaving o r  course  dropped 2

Again, a p a tte rn  seem ed to em erge  from  this data which was s im ila r  to the 

one d iscussed  in the la s t  group. To check it  out a  sea rch  of the orig inal ta lley  

sheets was made fo r a ll those respondents whose answ ers contained the com­

bination of: 11MES'' tex t used; did follow the sequence in the text; and had a 

lim ited  e a r th  science background (a m inor o r  le ss ) . Out of the grand total of 

fo rty -sev en  people who used'MES',' tw enty-eight had a teaching m inor o r le s s . 

Of these tw enty-eight, eighteen followed the sequence, and ten did not. The 

eighteen teach ers  seem  to make a significant co rre la tion . F rom  it, one could 

in fe r that "MES" is  a tex t p re fe rre d  by those who m ust o r  wish to take the easy 

way out. F o r the ten  not following the sequence one m ight speculate in sev e ra l 

d irec tions. P erhaps they did not because they lacked background; then again, 

perhaps they had enough self-confidence to strike^ out on th e ir  own.

Question tw enty-four on co cu rric u la r  involvem ents was asked to get
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som e idea of teach e r in te re s ts  and how they might influence school p rep ara tio n  

tim e during and outside of reg u la r school hours. The response to the question 

was quite heavy. There w ere 46 sep ara te  organizations lis ted  by the 68 teach­

e r s .  Of these  13 w ere considered  to be an in traschoo l type and 33 w ere con­

s id ered  to be ex ternal to the school. T here w ere 146 m em berships lis ted  fo r 

all involvem ents. Of these , 42 teach e rs  belonged to the in te rna l type and 104 

te ac h e rs  belonged to the ex ternal type. Seven said  they belonged to the National 

A ssociation of Geology T eachers (NAGT). D etails of th is analysis  appear in 

Table II.

The next group of questions (#25, #26, #27, and #28) give considerable 

insight into the academ ic p rep ared n ess  of ou r Montana e a r th  science teach e rs . 

B ecause th is sub ject is  so vitally  im portan t in its  effect on our children it 

will be covered in m ore detail than som e of the o ther a re a s . Asked to l is t  

th e ir  deg rees , the response  indicated:

B. A. 20 M .A. 4

B .S . 44 M .S. 13

B .E d . I M .Ed. 3

M .A .T . I

It was gratifying to see  tha t out of the 68 respondents, th e re  w ere 21 that have 

m a s te r’s degrees. T hree teach e rs  have a  degree in geology, I  said  he is  a 

geological eng ineer, I  is  a m echanical eng ineer, and I  has a  degree in zoology. 

There w ere 16 who said  they have a  teaching m ajor in ea rth  science; 14 have a 

teaching m inor in ea r th  science; 38 o r  fif ty -s ix  p e r cent have ne ither m ajo r no r



TA B LE II

TEACHER COCURRICULAR INVOLVEMENTS

Name of organization A bbrv1 n. No. of
teach ers

EXTERNAL ORGANIZATIONS
AAASI. A m erican  A ssociation fo r the Advancem ent of Science I

2. A m erican  A ssociation of P e tro leum  Geologists AAPG I
3. A m erican  Cancer Society ACS I
4. A m erican Institu te  of P ro fessiona l G eologists AIPG I
5. A ssociation of Catholic T eachers ACT I
6. Audubon Society

BSA
I

7. Boy Scouts of A m erica  (Troop Chairman) I
8. Coaches A ssociation I
9. College Teaching I

10. Church I
11. D riv e r Education A ssociation I
12: Investm ent Club

K of C
I

13. Knights of Columbus I
14. Lions Club I
i s : Local Education A ssociation LEA 9
16. Montana Education A ssociation MEA 29
17. Montana Geological Society MGS 2
18. Montana Geology T eachers A ssociation MGTA I
19. Montana Science T eachers A ssociation MSTA I
20. National A ssociation of Biology T eachers NABT I
21. National A ssociation of Geology T eachers NAGT 7
22. National Council of T eachers of M athem atics NCTM I
23. National Education A sso c ia tio n , NEA 23
24. National Science T eachers A ssociation NSTA 7



TABLE II (continued)

Name of organization A bbrv'n. No. of 
teach ers

25. N ational W ildlife Federation NWF I
26.. PM D elta Kappan PDK I
27. Society of Limnology I
28. Society of Mammology I
29. Society of V ertebrate  Paleontology I
30. State P ro fessional Rights and R esponsib ilities Committee PR & R I
31. Teaching of Skiing I
32. T o astm aste rs  In ternational I
33. United States Naval R eserve  (executive officer) USNR I 104

INTBASCHOOL & STUDENT ORGANIZATIONS
I. Coaching 17
2. C lass Sponsor o r  A dvisor 9
3. D irec to r of Student A ctiv ities I
4. F ie ld  T rips I

; 5.. In tram u ral Club Sponsor I
/ 6. Ju n io r O ptim ists Club Sponsor I

/  7. Jun io r P ro m  Sponsor I
' 8. L e tte rm en ’s Club A dvisor I

9. P a re n t-T e a c h e rs ' A ssociation PTA 2
10. P e t Club I
11. Photo Club I
12. Play D irec to r I
13.. Science Club o r  F a ir 4
14. Social Com m ittee Chairm an I 42

146
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m inor. Counting w orkshops, in stitu tes  and in te rd isc ip lin a ry  courses (of 

which th e re  w ere a t le a s t  20 d ifferent co u rses  involved), the 38 teachers  

averaged  2 .3  co u rses  each. Obviously som e had meaningful sequences in a t 

le a s t  a few m ore sub jec t m a tte r a re a s  than this average shows. Six said  they 

had no ea r th  science cou rses  a t a ll. T here  were 4 who indicated, being very 

close to a m inor; they had a t the le a s t  taken som e m ineralogy. Seventeen had 

had a t le a s t  two e a r th  science co u rses . The data would seem  to indicate that any 

course  beyond the in troductory  ones is  a som ewhat difficult hurdle to m anage.

An analysis  of the co u rses  in ea rth  science  taken by those without even a m inor 

may be found in Table III. When queried  as to w hether they taught ea r th  science 

by choice o r  w ere selec ted  to vo lunteer, 36 indicated choice, 30 indicated se le c ­

tion, and two did not respond. Several com m ented that since being asked to 

teach  out of th e ir  fie ld  they found e a r th  science quite in te restin g  and did not 

wish to re tu rn  to th e ir  o rig inal field . The McMannis and Shenkle R eport (1965) 

said  e a r th  science course  work v aried  from  none to one hundred and th irty -five  

q u a rte r  hour c red its . T here w ere about tw enty-one people who had le ss  than 

fifteen q u a rte r  hours c red it, seven who had between fifteen and th irty , and 

seven who had m ore than th irty . Since a  teaching m inor in Montana req u ire s  a 

m inim um  of th irty  q u a rte r  c red its  i t  can read ily  be seen tha t only six of the 

th irty -fiv e  respondents o r  about seventeen p e r  cent w ere qualified to teach 

e a r th  science. (C ertification , 1968, p. 6)., In 1969 th e re  wer.e th irty  people o r  

fo rty -fo u r p e r  cent of the respondents with a t le a s t a teaching m inor in earth  

science. This am ounts to a tw enty-seven p e r  cent in c rease  which seem s to
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TABLE III

EARTH SCIENCE AND RELATED COURSES TAKEN BY THOSE WITH
LESS THAN A MINOR

Name of course  Num ber of teachers

EARTH SCIENCE
Physical geology 30
H isto rical geology . 10
M ineralogy 5
Geomorphology I
W eath er/c lim ate /m eteo ro lo g y  8
A stronom y 6
Conservation 4
Foundations of e a r th  science I
Physical geography 5
F ield  geology I
Montana geology & re so u rce s  I
Biology & geology of the Rocky Mountains I

INTERDISCIPLINARY
Anthropology I
Ecology I
W orld geography • I
Advanced biology I

MISCELLANEOUS GROUPING
Unknown 3 q u a r te r  sequence in e a r th  science 2
Sum m er In stitu te  (Drake U niversity 12 cred its) I
M ineralogy w orkshop I
Sum m er w orkshop; geology; astronom y; NSF; ESCP 5
P e tro leum  Institu te  2
10 c re d its  but did not specify which I
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re fle c t the in c reased  offerings in ea rth  science. In 1964 n e ither E aste rn  

Montana College no r Rocky Mountain College offered an e a r th  science teaching 

m inor. Since 1968 both of these colleges began to offer a m inor and both the 

U niversity  of Montana and Montana State U niversity  began to offer a m ajor.

A le t te r  by the in v estiga to r was sen t to the C ertification Supervisor in the 

Office of the Superintendent of Public Instruction  requesting  data on the num ber 

of e a r th  science and genera l science te ac h e rs  certified  since the study guide in 

science was issued  in 1961. The rep ly  was m ost co rd ia l but the desired  data 

could not be furnished. It would have req u ired  about forty  m an-hours of tim e 

and a c le rk  could not be sp ared  to e x tra c t data from  the re c o rd s .

Q uestions #29 and #30 w ere asked  to gain som e insigh t as to teach er 

reso u rce fu ln ess  and hopefully to be able to determ ine where teach e rs  might 

be helped to get m ore m a te ria l and equipm ent. Response to the query on 

re so u rce  m a te ria ls  and equipm ent was quite varied ; the grand talley  fo r th ree  

types of school d is tr ic ts  is  shown below. Surprisingly  only one person  m en­

tioned the s ta te  film  lib ra ry  and one o ther the local m useum .

L ib ra ry  (personal, school, un iversity , public) 37

A udio-visual aids (film s, f ilm s tr ip s , personal s lid es ,
c h a r ts , m aps, tra n sp a ren c ie s , overlays) 25

R eferences (NSF & ESCP m a te ria l, tex t exam ination copies,
AGI sou rce  book, trad e  jo u rn a ls , Holt L ib ra ry  of 
Science S eries) 10

M ateria ls  from  local d is tr ic t  " re so u rce  cen ter"  2

State F ilm  L ib ra ry  „ I

Local M useum I
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U niversity  o r  college re so u rce s 3

Yellowstone N ational P a rk , C ra te rs  of the Moon 3

R esource People (U .S. Bureau of Reclam ation, U .S. 
F o re s t S erv ice , U .S. M eteorological Station, 
U .S. Seism ological Station, mining engineers 8

Local a re a  (for fie ld  tr ip s  and reso u rces) 3

Display cases I

Very much 7

Very little 6

No com m ent 10

The type of labo ra to ry  equipm ent available to the teach ers  is  as shown below:

Globe 62

P lanetarium 20

C elestia l sphere 15

Topographic • m aps ■ 56

R elief maps 42

B inocularscope 21

Structual m odels 32

Clay m odels of s tra tig rap h ic  groups 15

D ioram a 5

Stream  table 23

M ob's sca le  of hardness 41 .
■ ■

Rock and m ineral co llection—broad coverage 23

Rock and m inera l co llection— re s tr ic te d 29
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Rock and m ineral collection—did not indicate which 13

Rock and m inera l collection—no com m ent 3

F o ssil collection—broad coverage 9

F o ssil collection— re s tr ic te d  24

F o ssil collection—did not indicate which 8

F o ssil collection— no com m ent 27

T hree blank spaces w ere provided fo r each  respondent in the event he had 

equipm ent not lis ted . T here  w ere 37 en trie s  of which 7 lis te d  ESCP equipm ent, 

6 borrow ed physics and chem istry  equipm ent, 3 telescope, 2 s tereoscopes fo r 

a e r ia l photos, 2 e a r th  science c h a rts , 2 w eather scopes, and I  each fo r ba l­

ances, g radua tes, p ro jection  globe, b a ro m ete r, m eteorological equipment, 

and contour se t. The o th e r 9 com m ents w ere m ore in the line of audio-visual 

aids o r  o therw ise did not f it the question. The McMannis and Shenkle Report 

(1965) lis ted  data that is rem arkab ly  s im ila r  to that developed in the 1969 

questionnaire.

And finally , the la s t  question (#31) was asked to determ ine whether 

th e re  was a higher level course  available to those students with the in te re s t 

and m otivation. F ifty-n ine answ ered no, seven yes, and two did not comment. 

T here was no noticeable change in trend  since the McMannis and Shenkle 

R eport (1965).

THE SCIENCE TEACHER LISTS

An analysis of the Montana Science T eacher lis ts  from  1963 to 1970 was 

m ade in an a ttem pt to de term ine  trends with refe rence  to e a r th  science teaching 

in Montana and to help substan tia te  data from  o ther so u rces . Although the
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1964-65 and 1965-66 l i s ts  w ere not availab le, some inform ation fo r 1964-65 

on earth  science appeared  in the McMannis and Shenlde R eport (1965).

The data show that from  1963 to 1967 a  trend away from  general science 

and tow ard e a r th  sc ience  had been estab lished . However, re fe ren ce  to F igures 

4 and 5 will show that in 1967-68 the num ber of general science teachers  ro se  

again from  176 to 207 te ach e rs  while e a r th  science teach ers  in c reased  from  '

90 to 97. This can be p a rtia lly  explained by the in c rease  in the total num ber of 

schools, up four from  211. At the sam e tim e the num ber -of schools offering 

e a r th  science in c reased  from  seven ty -six  to eighty-two while the num ber of 

schools offering gen era l science in c reased  from  100 to 105. In spite  of the 

four new schools, g en era l science seem ed to have the edge over ea rth  science. 

There has been p rac tica lly  no change in the data since then. However, accord ­

ing to C lark Fow ler, Science Supervisor in the Office of the State Superintendent 

of Public Instruction  (1970, o ra l communication) the data fo r the 1970-71 science 

teach e r l i s t  may show a sligh t upturn. He believes in te re s t in ea rth  science 

and ESCP to be in c reasin g  in various d is tr ic ts  throughout the s ta te . The 

tapering  off and sligh t downturn fo r e a rth  science up to la s t  fall could be ex­

plained by the lack  of adequately p rep a red  teach e rs . The reco rd s  in the 

student certification  office a t Montana State U niversity show eleven people 

have been certified  as genera l science m a jo rs  and tw enty-three as general 

science m ino rs. In th is  sam e tim e period , .January I ,  1968 to July 6, 1970 

only ten people have been aw arded teaching certifica tes  in e a r th  science and of 

these only th ree  w ere m a jo rs . Another explanation could be the sm all size  of



N
um

be
r 

of
 S

ch
oo

ls
 

N
um

be
r 

of
 T

ea
ch

er
s

- 5 2 -

-----G eneral Science
----  E a rth  Science

'63-4 '64-5 '65-6 '66-7  '67-8 '68-9 '69-0
Y ears

Figure 3. Changes in the num ber teaching ea r th  science 
and general science, 1963 to 1970

G eneral Science 
E a rth  Science

Y ears

Figure 4. Changes in the num ber of schools teaching earth  
science and general sc ience, 1963 to 1970
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the school d is tr ic ts . Even had there  been no shortage of ea r th  science 

teach e rs  i t  is doubtful w hether the sm a lle r  d is tr ic ts  would have been finan­

cially  capable of h iring  them . These d is tr ic ts  need teach ers  who can teach in 

sev e ra l fie lds. Many superin tendents have notified the P lacem ent Office at 

Montana State U niversity  that they need "a" person  to teach biology, chem istry , 

physics, and general science o r  e a r th  science (J. W. B reeden, 1970, o ral 

com m unication). When one review s the requ irem en ts fo r a teaching option, it 

can be read ily  seen th a t m ost p rospective  teach ers  cannot teach  well in all of 

those fie lds. As th is su rvey  has brought out, over half of the responding 

teach ers  do not have even a teaching m inor in ea rth  science. Several su p er­

intendents have ex p re ssed  a  d esire  for prospective teach ers  with bache lo r's  

degrees ra th e r  than fo r those with m a s te r 's  degrees (Montana Collegian,

Spring 1970, p. 3). Obviously they can h ire  m ore people with bache lo r's  

deg rees than they can with m a s te r 's  degrees fo r the sam e money. A ttitudes 

such as these  a re  reg re ttab le  fo r it  b rings into question the quality of education 

received  by som e of our children. A professional teach e r who is  certified  to 

teach biology can and does quite frequently  teach  earth  science if he has a 

m inim um  of fifteen q u a rte r  c red its  in e a r th  science (Endorsem ent requ irem en ts 

fo r accred ita tion  as of A pril 1968, secondary schools, State Superintendent of 

Public Instruction , Montana). C onversely, a  person  certified  to teach ea rth  

science can, but ra re ly  does, teach biology if he has fifteen q u a rte r cred its  of 

life  science. The trad itio n a l fields of biology, physics, and chem istry  a re  

recognized as req u irin g  certa in  basic  m inim al subject m a tte r  background.
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H owever, many people, school ad m in is tra to rs  included, think they know som e­

thing about "the ea r th "  and fail to see  th a t ea rth  science teach ers  also  need 

som e m inim al subject m a tte r  background. See Table IV fo r an analysis of 

teaching com binations in Montana. T raditionally , the ea rth  science teach ers  

have had a  strong  background in biology an d /o r chem istry  (Weitz, 1969, p. 2). 

These people have no trouble teaching general science. However, a teacher 

tra in ed  in e a r th  science may be very  weak in the biological sc iences. A 

d e te rre n t to m inoring in the biological sciences at Montana State U niversity is  

m assive  s ize  of tha t teaching m inor—a m inim um  of fo rty -fo u r c red it hours. A 

teach e r tra in ed  in  e a r th  science  has h is choice of job lo cales  narrow ed down 

considerably . If th e re  a re  no vacancies in the f i r s t  c lass  d is tr ic ts  he and many 

young Montana students a re  out of luck; the teacher has no challenging job and 

the students may be deprived of a quality education in ea rth  science. The tren d  

may very  well be leading back to general science by default on the p a rt of 

Montana educato rs. This change may be so gradual that it  will not even be 

recognized by an official change in nam e. But, the problem  is  not so sim ple as 

to be confined to the sm a lle r  school d is tr ic ts . Some f i r s t  c la ss  school sy stem s, 

and Butte is  a good exam ple, l i s t  nothing but s tra ig h t general science cou rses.

GEOLOGY STUDENT QUESTIONNAIRES 

The e a r l ie r  of these  questionnaires (A) was designed to get the secondary 

school studen ts’ point of view; the m ost re cen t questionnaire (B) was designed, 

hopefully, to ga ther som e data perta in ing  to the effect of ESCP on college level 

geology. As i t  turned out, the la t te r  was much too optim istic  an endeavor.
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TABLE IV

TEACHING COMBINATIONS

E arth
science

G eneral
science

Biology C hem istry Physics Physical
science

Number .of 
teach ers

X S2

X X 4

X X i i

X X . 10

X X 4

X X I

X X . X 5 .

X X X X 2

X X X X I

X X X X I

X X X 4

X X X X I

X X ‘ X X 2

X X X I

X X X 7

X_ X X

16 com binations Total is  87
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Instrum ent A, s e e  the Appendix, was designed to req u ire  answ ers fo r 

a t le a s t  the f i r s t  two questions from  all respondents. However, a negative 

answ er fo r  question one, "have you e v e r  had a  course in e a r th  science o r 

geology before ?", m eant that the r e s t  of the instrum ent a fte r  question two 

would be le ft blank. The second question asked  whether they had ev er had a 

course  in chem istry  before and if  so was i t  a  difficult co u rse . Two of the 

students m ade ra th e r  incisive com m ents about chem istry  that b e a r repeating.

One said  he had not had any chem istry  and to the question "was i t  difficult fo r 

you?" he answ ered , "It probably would have been". The o ther student, in 

answ er to w hether chem istry  was difficult fo r him said , " so r t of but I think it  

was m ore difficult fo r the in s tru c to r" .

A to tal of 234 questionnaires of type A w ere com pleted. Of these , 6 

students en tered  data perta in ing  to college level cou rses; they w ere rem oved 

from  consideration . Of the 228 rem ain ing , 74 said  they had had an ea rth  

science course  in high school and 154 sa id  they had not. It m ust be rem em bered  

tha t the inform ation given by the students can be no m ore recen t than th ree  y e a rs  

ago, m uch of it  is  a t le a s t  five o r  six  y e a rs  old, and som e dates to the early  

s ix tie s . Although the data offers no s ta r tlin g  rev e la tio n s , i t  does seem  to be 

average enough to be of in te re s t  if fo r nothing e lse  but verifica tion  of intuitive 

feelings.

The data, as based  on the th ree  answ ers to the f i r s t  two questions can 

be found in Table V.

Since 154 of the questionnaires had a no answ er fo r the f i r s t  question,
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and since questions #3 to #15 w ere unansw ered, they were rem oved from  

fu rth e r consideration . The 74 rem aining questionnaires w ere then tallied . 

A nsw ers to questions #3 to #6 which re la ted  to school, location, teacher nam e, 

and date w ere too d iverse  to ge t any meaningful re su lts  and a re  not a p a r t of 

this rep o rt. Question #7 asked fo r grade level and num ber of sem e s te rs .

TABLE V

DISTRIBUTION OF ANSWERS TO QUESTIONS I  AND 2 
ON GEOLOGY STUDENT QUESTIONNAIRE A

A nsw er to A nsw er to Num ber of Subtotals Total
question #1* question #2+ instrum ents

yes y es yes &2
yes yes no 34
yes no — 18 74

no yes yes 53
no yes no 67
no no — 34 1154

A nsw ered with college course  data 6 + 228

*Have you ev er had a cou rse  in ea r th  science o r geology before ?

+Have you ev er had a course  in chem istry  ? If y e s , was i t  difficult 
fo r you ?

The to ta ls  made ideal random  distribution  curves. There w ere 33 who had 

e a r th  science in grade nine, 8 in grade eight, 10 in grade ten , 4 in grade 

seven, 5 in g rade eleven, I  in grade six , and 2 in grade tw elve. Those who 

had co u rses  above grade nine tended to be m ostly ou t-o f-s ta te  students. T here 

w ere 52 who sa id  the cou rse  was two se m e s te rs  long, 12 sa id  one sem es te r , 

and I  sa id  th ree  se m e s te rs . G rades w ere skewed tow ard the high side; there
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w ere 10 A 's , 35 B 's , and 21 C s .  One would expect tins since those students 

with the b e tte r  g rades a re  usually the ones who attend college. Absence of 

D 's and F 's  was a ttribu ted  e ith e r to a re luctance  to re p o rt a low grade o r to 

the "natu ral selection" of the m ore capable students into the un iversity . The 

p a rts  of the course  found m ost in te restin g  a re  tabulated below:

rocks and m inera ls 13

m aps (topographic) 6

w eather (meteorology) 6

oceans 2

astronom y and space 3

e a r th  genesis 3

g lacial fea tu res 4

geomorphology 6

volcanism 4

earthquakes 3

s tru c tu re 2

mountain building 3

h is to r ic a l/fo s s ils 5

natu ra l fo rces I

w eathering I

geology 2

field tr ip s I

lab e x erc ise s I
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p r o je c ts I

all p a rts I

none (one student said  the teach e r couldn 't come down

to th e ir  lev e l). 3

found tecton ics, geomorphology, ocean cu rren ts  boring I

all except chem ical com position of rocks (this student said

he liked organic chem istry) I

The wide and v aried  d istribution  would seem  to indicate tha t an en thusiastic  

and knowledgable teach e r can make any asp ec t of e a r th  science in teresting . 

Those students who d idn 't like  some o r  all p a rts  of the cou rse  w ere negative 

in th e ir  answ ers perta in ing  to recom m ending the course  to friends and to 

teach e r en thusiasm . F ifty -five students sa id  they would have recom m ended 

th e ir  e a r th  science cou rse  to friends and 11 sa id  no. To the question as to 

how well v e rsed  the teach e r was, 56 sa id  y es , 12 said  no. T here were 46 who 

thought th e ir  teach e r was en thusiastic  while 19 said  no he was not. Asked about 

lab o ra to ry  work, 22 sa id  they did have som e while 44 said  they did not. T h e ir 

answ ers fo r tim e spent in lab  in hours p e r week a re  tabulated  below: 

le s s  than one hour 3 two and one-half hours I

one hour 6 th ree  hours 2

two hours 5 th ree  to four hours I

The question "do you have much hom ew ork?" elic ited  28 yes answ ers and 39 no, 

answ ers. A sked, "did i t  help you to understand  the m a te ria l b e tte r  .?" 29 sa id

five hours I



- 6 0 -

y es, 8 said  no. The answ ers given by the students re la tive  to homework 

seem ed to indicate tha t those exposed to i t  fe lt it  was beneficial. Talleys 

do not n ecessa rily  balance. Many respondents did not answ er the questionnaire 

com pletely. In the case  of the homework question those tha t answ ered no could 

have had som e hom ework. In that event they could s till give an affirm ative 

answ er to the question about w hether i t  helped them . The very  low num ber of 

no re sp o n ses , eight to be exact, is  a ttribu tab le  to the fac t that those who 

answ ered no to the f i r s t  p a r t and in te rp re ted  it to mean no did not bother to 

answ er the second p a rt. The fac t that the overwhelm ing m ajority  of the te ach e rs , 

s ix ty -s ix  of them , assigned  homework indicates the teach e rs  fe lt it  worthwhile. 

Eighty p e r  cent of those who assigned  hom ework said  the load was light. Not 

many students rep o rted  taking field  tr ip s . The tabulation is  as  follows:

no fie ld  tr ip s 57 two field  tr ip s 2

one field  tr ip 5 th ree  field tr ip s I

four field  tr ip s  2

Very few could rem em b er the name of th e ir  tex t books. Five hinted at 

"E a rth  Science" which m ight have been the tex t by F le tch er and Wolfe. Only 

one o ther was specific  and he m entioned "M odern E a rth  Science". As sta ted  

before the data is  not su rp ris in g  but perhaps may supply som e re inforcem ent 

fo r the intuitive feelings that secondary te ach e rs  have about how th e ir  students 

pe rfo rm .

Instrum ent B, see the Appendix, was devised with the optim istic  p rem ise  

th a t th e re  would be a co rre la tio n  between those who had had an ESCP course  in



TABLE VI

DISTRIBUTION OF ANSWERS TO GEOLOGY STUDENT QUESTIONNAIRE B

A nsw er to 
question #1

A nsw er to 
question #2

Location * Num ber of 
instrum ents • I

A

Grade 
distribution 

B C D F

Yes Yes Conn. & Mont. 2 0 0 0 0 0

Yes No Montana 27 2 10 10 5 0

Yes No ' o u t-o f-sta te 5 0 I 3 I 0

No No Montana 68 5 24 32 3 4

No No o u t-o f-sta te 22 3 6 10 3 0

' No No did not say 15 0 5 7 3 0

Nd NC Anaconda I

140 to tal
gave no name
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high school and b e tte r  than average g rad es  in the physical geology course a t 

Montana State U niversity . However, of the 140 questionnaires d istribu ted  to 

sp ring  q u a rte r  1970 studen ts, only 2 sa id  they had had an ESCP course; one 

being from  out of s ta te . When final g rades w ere checked, these  two cruc ia l 

students cam e out with D 's . The only conclusion that could be drawn from  this 

data is  that the standard  bell curve fits ESCP courses too and we m ust have " 

gotten students from  the low er end. However, some value was derived from  ■ 

the data  by so rting  the questionnaires according to yes and no answ ers and 

co rre la tin g  final g rad es  with the grouping. The fac t that the d istribution is  so 

com pletely norm al is  the in te restin g  p a r t  of the analysis. The students w ere 

f i r s t  asked if  they had had an ea rth  science course  in high school and to answ er 

yes o r  no. They w ere then asked if they used  the ESCP tex t and to answ er 

yes o r  no. The students w ere also  requested  to state  where the course was 

taken and to sign th e ir  nam es. D istribution of the data is  shown in Table VI.



C H A PT E R  IV

SUMMARY

The p ast decade has seen a resu rg en ce  of ea rth  science over general 

science as  the in troductory  high school science course . T here has been d is­

satisfaction  with general science because i t  tends to teach  fac ts , because sub­

je c t m a tte r  is  now being covered in e a r l ie r  co u rses , and because it su ffers 

from  a lack  of continuity. E a rth  science, on the o ther hand, p re sen ts  ideas 

in the context of experience of problem s th a t re la te  to a unifying them e. This 

them e, a  study of m an 's  environm ent may be the key educational fac to r in 

m an 's  f i r s t  re a l e ffo rt to control environm ental pollution.

A review  of the l i te ra tu re  shows support fo r one of the m ain contentions 

of th is th e s is , tha t education can and should take the in itia tive  in the m idst of 

th is population-environm ental pollution-technological c r is is .  A true  in te rd is ­

c ip linary  approach is  recom m ended by som e visionary  au thors as the only way 

to overcom e apathy and to ultim ately  reso lve  global p rob lem s. The b est way 

to accom plish  th is  would be to educate fu ture  teach ers  and ad m in is tra to rs  by 

using the sam e methods on the college level; obtain the support of federal and 

p riva te  national organizations; use m odifications of the team  teaching method; 

estab lish  and m aintain ex trem ely  good lines of com m unication in a school d is­

tr ic t  from  the p rincipal on down; make use of frequent sem in ars  and in -se rv ic e  

co u rses  fo r  teaching staffs . R esearch  is  beginning to show that the com m ittee 

developed cu rricu lum  p ro jec ts  with th e ir  investigative lab o ra to ry  type approach 

can be fa r  su p e rio r to the trad itional le c tu re  and rev iew -o f-tex t cou rses.
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Such re s e a rc h  as has been perfo rm ed  by th is in v estiga to r shows that 

trends fo r e a r th  science teaching in Montana a re  not encouraging. Over 

fifty p e r  cent of the p ro fessional teach e rs  now teaching e a r th  science a re  not 

adequately tra in ed  in th is field . The ex trem ely  sm all s ize  of som e Montana 

school d is tr ic ts , the m ethods fo r ra is in g  funds, and lack  of vision on the 

p a r t  of som e school boards and ad m in is tra to rs  a re  ju s t a few of the stagnating 

fac to rs  tha t hold the tren d  tow ard ea rth  science to a sn a il 's  pace. T here is  no 

organizational s tru c tu re  in Montana tha t is  actively try ing  to rem edy these 

p ro b lem s.

Still unreso lved  a re  the p roblem s of how to finance th is general educa­

tional effo rt adequately, how to prom ote e a r th  science with its  environm ental 

aspec ts  on a  s ta te  and national sca le , and how to p roperly  develop aw areness 

of vocational and p ro fessional c a re e rs  a t the elem entary  and secondary levels 

of schooling.

These p rob lem s m ust be reso lved  and reso lved  soon. It is  im portan t 

to rem em b er th a t the students of today a re  the citizens of tom orrow . If they 

a re  to m ake in te lligen t political decisions concerning environm ental problem s 

they m ust be based on som e understanding of the ea rth , its  life , and the 

p ro c e sse s  which affect it.

CONCLUSIONS 

' Introduction

M ontana is  ideally  su ited  fo r a  study of e a r th  science  because of its  

wealth of in te re s tin g  na tu ra l phenom ena, especially  i ts  geology. Exposure



- 6 5 -

to e a r th  science would, we hope, endow many students with a  feeling of p ride  in 

th e ir  s ta te  and perhaps m otivate them  to seek a c a re e r  here  in Montana. P e r ­

haps th is will come about, but i t  is  h a rd  to be optim istic  in the face of a  contin­

uing shortage of qualified ea rth  science te ach e rs . M errill and Shrum (1966, 

p.. 24) and o th ers  have d iscussed  the problem  over the p a s t five y ears  but both 

in itia tive  and fac ilitie s  fo r  in -se rv ic e  tra in ing  fo r general science teach ers  

seem  to be lacking, p a rticu la rly  in the sm a lle r  school d is tr ic ts . Adm ittedly 

the v a s t te r r i to ry  of Montana is  a p roblem  sh ared  by sev e ra l of the w estern  

s ta te s . However, old estab lish ed  p ra c tice s  can also dilute the effect of new er 

innovations. It has always been custom ary  in sm all d is tr ic ts  to assign  teach ers  

in the c la ss ica l sc iences to general science teaching duties. Now that e a r th  

science has been recom m ended the sam e p rac tice  is  c a r r ie d  over. It is  en­

tire ly  possib le  tha t the school ad m in is tra to rs  feel the sam e way about ea r th  

science as the general public does about education; tha t is , having been exposed 

to i t  in a  general way m akes everyone som ew hat of an ex p ert in the field. The 

fac t tha t the num erical data show that e a r th  science is  losing  ground to general 

science seem s to support what was ju s t sa id  about the attitude of school su p er­

intendents. R esponsible people in the State Office of Public Instruction ex p ress  

optim ism  that e a r th  science  is  catching on but th is may be tru e  only of ESCP 

co u rses  and only in the c itie s  where e a r th  science has been s tro n g e r. Specific 

conclusions s ta ted  h e re a f te r  will be categorized  by the various educational lev els

National and Regional Levels

There is no national group to supply the in itiative needed to move edu-
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cation tow ard ea r th  science. These w ere sentim ents voiced by Eeith 

(1969, p. 43). The National A ssociation of Geology T eachers (NAGT) has been 

fighting an uphill battle  fo r y ea rs  but i t  is  ha rd  to reach  those teach ers  drafted  

into e a r th  science who have been tra in ed  in o th e r m ajo r fie lds. Even when the 

few who a re  in te re s ted  and want to rem ain  in the field a re  added to the ranks of 

qualified teach e rs  th e ir  num bers a re  too few to ex ert much p re s su re . Since 

individual school d is tr ic ts  in the fifty s ta te s  a re  autonomous units it  would 

seem  ra th e r  futile to attack the p roblem  from  local o r  even regional levels. 

D irection coming from  a cen tra l group influential with a ll of the c lass ica l 

sc iences may be the answ er. O rganizations such as  the A m erican A ssociation 

fo r the Advancem ent of Science (AAAS), the National Science T each ers ' A sso­

ciation (NSTA), o r  the National Science FoundatiOn(NSF), if  p roperly  staffed, 

and working in concert with the A m erican Geological Institu te  (AGI) and the 

A m erican  Institu te  of Biological Sciences (AIBS) might be effective in th is a re a .

To aggravate an a lready  inertia-bound  system  even fu r th e r the upcoming 

E a rth  Science C urricu lum  P ro jec t re q u ire s  even b e tte r  tra in ed  teach ers  and 

m ore sophisticated  and expensive lab o ra to ry  equipment.

A tru e  in te rd isc ip lin a ry  approach to the w orld-shaking problem s of our 

day is  needed in the secondary schools. Such an approach which em phasizes 

kinship ra th e r  than differences between the d iscip lines is v ita l. Since i t  has 

been determ ined  th a t non-science te ach e rs  can have as good o r  b e tte r  under­

standing of the philosophy of science as do science te ac h e rs , then a t le a s t one 

avenue lie s  open fo r  im proved com m unication between the sciences and the
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hum anities.

E a rth  science because i t  p re sen ts  ideas in the context of experience o r  

p rob lem s th a t re la te  to a  unifying them e, m an’s environm ent, is  ideally su ited  

(as is  biological science) fo r the core  of th is  new c u rr ic u la r  approach. The 

students of today a re  the citizens of tom orrow . If they a re  to m ake in telligent 

political decisions concerning environm ental problem s they m ust be based on" 

som e understanding of the ea rth , its  life , and the p ro c e sses  which affect it.

T eachers tend to s t r e s s  tha t which is  m ost fa m ilia l to them . They 

om it quite a  b it from  a course  if th e ir  background is  lim ited . This is  what is 

happening to ea r th  science as it  did p reviously  with general science. T eachers 

tra in ed  in the o th er c la ss ica l sciences em phasize units m ost closely re la ted  to 

th e ir  m ajo r field and they tend to skim  over o r  skip o ther units.

State Levels

T eacher certifica tio n  po licies between the s ta tes  a re  not standardized. 

As an exam ple, N orth Dakota schools a re  se t up p rim arily  on an 8-4 system  

with e a r th  science m andatory in the eighth g rade. A f i r s t  g rade p rofessional 

c e rtifica te  valid fo r th ree  y ea rs  is  issued . I t au thorizes the person  to whom 

i t  is  issu ed  to teach  all g rades and sub jects in e lem entary  and secondary 

schools (Stinnett, 1967, p. 144). In W est V irginia, s ta te  law  req u ires  that 

teach e rs  be ce rtified  in the subjects they teach. Even though ea rth  science is  

taught in tha t s ta te  th e re  is  no ea rth  science certification-availab le; the 

te ach e rs  have to be ce rtified  under the general science c lassification . Conse­

quently th e re  a re  many people lacking an e a r th  science background who a re
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legally  able to teach  ea rth  science (G raham , 1968, p. 49). In Montana th e re  

a re  eighteen school d is tr ic ts  s e t  up on a 6-3-3  basis  and 153 d is tr ic ts  operating 

on an 8-4 b a s is . This m eans that in som e instances g rades seven and eight 

may be taught in the e lem en tary  schools. However, Montana has overlapping 

certifica tion  req u irem en ts. An e lem en tary  teach e r is  c e rtif ied  fo r g rades 

k indergarten  to nine (K-9) and secondary te ach e rs  a re  ce rtified  fo r  g rades 

seven to twelve (7-12). Since all known e a r th  science is  taught in e ith e r the 

jun io r o r  sen io r high school the teach e rs  a re  legally  req u ired  to be certified , 

a t the le a s t, as having an e a r th  science m inor with a m inim um  of th irty  quar­

te r  c red its  of e a r th  science  cou rse  work.

The financial support system s appear to be obsolescent. School lev ies 

a re  the only taxes on which the vo te r is  able to c a s t a d irec t ballot. Many a 

taxpayer vents his fru s tra tio n  by voting against the levy. In recen t y e a rs  an 

in c reasin g  num ber of school d is tr ic ts  have had to se t up one o r  m ore addi­

tional ba llo ts  before getting th e ir  lev ies  through.

Montana

T eachers  in Montana a re  overw orked, underpaid, and in the case of 

e a r th  science te ac h e rs , inadequately tra in ed .

E a rth  science is  fa irly  new in M ontana as a teaching m ajo r. Most 

teach e r p rep ara tio n  has been in general science o r the biological sciences,.

When teach e rs  en ro ll fo r  additional cou rse  work they tend to concentrate in 

the life  sc ien ces . This tendency has been v erified  in W est V irginia by 

G rahain (1968, pp. 37-38). Table VI shows the heavy concentration of
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te ach e rs  with life  science backgrounds.

There a re  a t le a s t  sev era l qualified teach ers  with m a s te r 's  degrees in 

geology who p resen tly  a re  unable to obtain reasonably desirab le  positions as 

e a r th  science te ach e rs  in Montana (W. J . McMannis and J . W. B reeden, 1970, 

o ra l com m unication). Paradoxically , i t  is  the candidate with the advanced 

degree who finds i t  m ost difficult to secu re  a teaching position. Adm ittedly, 

the c u rre n t econom ic recess io n  does not help the situation, nor does the mill 

levy system  which is  used to ra is e  additional school funds in M ontana. Mill 

levys fo r  1970-71 have been in trouble in Lewistown, Glendive, and o ther 

Montana com m unities (News item  in the G reat F a lls  T ribune, A pril 8, 1970, 

p. 13). An au ste rity  p ro g ram  was invoked by the Bozeman school d is tr ic t so 

as  to avoid an in c rease  in the m ill levy ra te  (Editorial in the Bozeman Daily 

Chronicle, M arch 29, 1970, p. 4).

Local Levels

The sm a lle r  Montana school d is tr ic ts  a re  unable to innovate readily  

because th e ir  ex trem ely  sm all s ize  has a  lim iting  effect on th e ir  budgets. 

B ecause many ea rth  science teach ers  a re  re lu c tan t and p rinc ipa ls  ra re ly  seem  

to encourage, m ost secondary school students a re  being deprived of the excel­

len t learn ing  opportunities th a t can be secu red  from  e a rth  science  field tr ip s .

College Levels

T here a re  only a lim ited  num ber of e a r th  science co u rses  available to 

the working teach e r in Montana. T each ers , even if they have the desire  and  

in itia tive  lack  the opportunity to im prove th e ir  background.
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Those te ach e rs  who do have an ea rth  science background m ust find it 

difficult to keep up with recen t even ts . T here  is  no cu rren tly  active university  

level organization in Montana, assoc iated  with an ea rth  science d ep a rtm en t, 

tha t can m aintain open lin es  of com m unication with them .

RECOMMENDATIONS

Introduction

It would seem  th a t control and p rese rv a tio n  of m an 's  environm ent is  

the overrid ing  consideration  of the day. It would also  seem  that this can only 

be accom plished by a  concerted  and concu rren t effo rt of education and by con­

tro l of population. E a rth  science, as a d iscip line is  ideally suited  to play a 

key in te rd isc ip lin a ry  ro le  in the study of environm ental p rob lem s. It can p ro ­

vide an in te re stin g , m eaningful, re levan t, and continuous type of cu rricu lum  in 

which each  student may becom e actively involved.

National and Regional Levels

E a rth  science p ro fessionals  should s tr iv e  fo r appointm ents to the exec­

utive boards of the national science assoc ia tions.

E a rth  science p ro fessionals  should publish in the p ro fessional jou rnals 

of o ther d iscip lines. The a r tic le s  need to s t r e s s  the im portance of an in te r­

d iscip linary  approach, especially  when teaching about p roblem s re la ted  to 

environm ent and overpopulation.

The national e a r th  science o rganizations and the fed era l governm ent 

should offer sch o larsh ip s so as to a ttra c t  m ore able students into the earth , 

science teaching pro fession .
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These sam e organizations should in itia te  a concerted  p rog ram  to 

influence those now tra in ed  as general science teach ers  to undertake a re ­

tra in ing  p rog ram  fo r e a rth  science teaching.

A fe d e ra l-s ta te  financing system  with a  minim um  of federal control 

should be sought to rep lace  education levys a t the local level. Perhaps som e 

s o r t  of "p artic ipa to ry  dem ocracy" m ight work.

State Levels

T eacher certifica tion  policies between the s ta te s , p a rticu la rly  in ea r th  

science should be standard ized .

B ased on a review  of re la ted  l i te ra tu re  and from  the re se a rc h  data that 

has been com piled, all science teach e rs  should have some exposure to ea rth  

and life  sciences. All have a common m inim um  background in e ith e r physics 

o r  chem istry  and many have cou rses  in both. Such an exposure would give 

secondary schooLstudents a  som ewhat b e tte r  chance fo r a quality education.

It should a lso  help the science teach ers  to be m ore recep tive to com m unication 

with the o ther science d iscip lines and hopefully lead  to an eventual tru ly  in te r ­

d iscip linary  education. A m ultiple nested  cu rricu la  was d escribed  by Connally 

(1966) tha t allows fo r te ach e r education within the existing e a r th  science 

cu rricu lum . It could possib ly  be a  s ta rtin g  point fo r such an endeavor.

State offices of public instruction  should phase out certification  of 

general science teaching m ajo rs ; po lic ies tha t pe rta in  to ea r th  science c e r ti­

fication should be consisten tly  enforced.
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Montana

The s ta te  office of public instruction  should enforce its  certification  

law s especially  as they p erta in  to the e a r th  science discip line.

The general science teaching m ajo r should be dropped from  the c e r t i­

fication l is t .  A fter a ll i t  is  a  g ro ss  inconsistency  since recom m endations of 

the study guide fo r  science have been in ex istence since 1961. P erhaps one - 

way to effect th is change would be to d ecla re  a  th ree  to five y e a r  period a fte r 

which genera l science would no longer be a  legal teach ing 'm ajo r o r  m inor.

This would give the unqualified teach e rs  now teaching ea rth  science ample
i .

tim e to pick up n ecessa ry  courses ' o r  to sw itch to another field .

Funds fo r education a re  ex trem ely  lim ited  in Montana. The population 

is  only about 700,000 and th e re  is  very  little  industry . M ost school money 

m ust come from  the school land incom e, p roperty  taxes, and m ill lev ies. A 

review  of re la ted  l i te ra tu re  and re se a rc h  data show that e a r th  science budgets 

a re  inadequate. A consolidation of num erous sm all school d is tr ic ts  throughout 

the s ta te  would m ake m ore of the ex isting  school funds availab le p e r pupil 

than a t p resen t.

Local Levels

Only fully tra in ed  ea r th  science teach e rs  should be h ired  even though 

i t  m eans a  reshuffling of teaching staff duties.

The responsib ility  fo r teaching e a r th  science should be in tegrated  under 

a single te ach e r o r  the n ecessa ry  m inim um  few qualified te ach e rs . School 

ad m in is tra to rs  should defer from  the expediency of filling blocks in the
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teaching schedule with bodies. T heir p rim e responsib ility  is , a fte r a ll, to 

secu re  the b e st possib le  education fo r the children placed in th e ir  schools.

Reith (1969, p. 49) suggested tha t w here student demand is  light a 

single fully tra ined  and qualified e a r th  science teach e r m ight be h ired  fo r two 

o r m ore continguous d is tr ic ts . This could help alleviate  the p re s su re  fo r 

" ja c k -o f-a ll- tra d e s"  teach e rs  in th ird  c la ss  d is tr ic ts ; it m ight also  be given ' 

consideration  in the la rg e r  city d is tr ic ts .

All e a r th  science teach ers  should be encouraged.to attend in -se rv ice  

e a r th  science  p ro g ram s.

P rin c ip a ls  should provide c lassro o m  and labo ra to ry  fac ilitie s  fo r 

exclusive ea r th  science use and actively  encourage a  p ro g ram  whereby equip­

m ent may be sh ared  with schools of nearby d is tr ic ts .

T here  is  a  re a l need fo r frequent field  tr ip s  in a course  of this type. 

A dm in is tra to rs  should encourage teach e rs  in th is re sp ec t. E a rth  science 

and life  science field tr ip s  a re  no le s s  im portan t than ath le tic  events for 

which students a re  excused and fo r which transpo rta tion  is  provided. If tim e 

can be s e t aside fo r pep ra llie s  and gam es, th e re  seem s no justifiab le  reason  

why tim e fo r science field  tr ip s  cannot be worked into the schedule.

A m odification of team  teaching may enable the individual school sy stem  

to effect an in te rd isc ip lin a ry  approach to environm ental problem s within the 

existing c u rr ic u la r  fram ew ork. It would req u ire  that te ach e rs  guest-lec tu re  

in c lassro o m s of o ther d iscip lines when appropria te ; it  m ight req u ire  an 

assem blage of sev e ra l c la sse s  in the various d isciplines in o rd e r to gain
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common knowledge o r  experience.

College Level

G eneral science should be dropped as a certifiab le  teaching m ajo r o r  

m inor by the colleges and u n iv e rs itie s .

C ertain sum m er education co u rses  should be req u ired  of the "tenured" 

teach e rs  who vision has been narrow ed by the y e a rs . F o r exam ple, cou rses 

such as  H istory  of Education, G eneral School C urriculum , Com parative 

Education, and System atic Philosophies of Education. A course  such as 

trends in  science teaching should be broadened to s tre s s  e a r th  science ra th e r  

than general science and a  tru ly  in te rd isc ip lin a ry  em phasis assigned  to the 

course .

Colleges and u n iv ers itie s  working with the regional accred iting  

association  should e x e rt sufficient p re s su re  a t the secondary education level 

so as to d iscourage continuation of general science teaching m ajo rs .

M ore e a r th  science co u rses , su m m er q u a rte r included, should be 

m ade availab le to the working te a c h e rs . C ourses beyond the in troductory  

level seem  to be a p a rtic u la rly  difficult hurdle fo r the working teacher to 

overcom e since they a re  not available during the sum m er q u a rte r  in Montana. 

M ineralogy-lithology fo r exam ple could perhaps be offered on a  staggered  

b asis  to ge t th ree  q u a rte rs  of course  work into two sum m ers.

T here seem s to be a  tren d  a t le a s t  in la rg e r  school d is tr ic ts , tow ards 

placing teach e rs  where they may teach in th e ir  m ajor fie lds. This trend  is  

d esirab le  and should be encouraged. It would seem  log ical, th e re fo re , that
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institu tions of h igher learn ing  reco n sid er th e ir  policy perta in ing  to teaching 

m inors. It seem s m ost illogical to se lec t a m inor on the basis  of how few 

c re d it hours a re  involved o r  fo r o th e r c lea rly  subjective reaso n s . R ather, 

the c r i te r ia  should be, does i t  help to develop an in te rd isc ip linary  point of 

view and does i t  supplem ent and strengthen  the teach e r in a re a s  periphera l 

to his m ajo r field. In the case of e a rth  and life science teach e rs  there  should 

be no question as to the answ er. This idea  would work well even in c lass  III 

d is tr ic ts , if  they w ere to consolidate.

A lia ison  between the Montana U niversity  System  and the public schools 

of ou r s ta te  should be estab lished . The State Board of Education should recom ­

m ent tha t institu tions within the system  having the capability should se t up 

continuing coordinative bodies that could supply advice, re so u rce  people, 

and equipm ent. In the case of e a rth  sc ience , m ineral k its  would be an exam ple. 

The in ten t would be to m aintain open lines of com m unication w ith the public 

schools fo r they a re , a fte r  a ll, the p rim e sou rce  of our college students.

The em phasis in th is paper has been on the ro le  tha t ea r th  science can 

play in an in te rd isc ip lin a ry  approach to ou r environm ental p ro b lem s. However, 

as the p aper evolved it becam e evident that the ideas w ere s til l  too trad ition  

bound. I t seem s now that the m ost effective way to im plem ent th is in te rd is ­

cip linary  approach is  not ju s t with e a r th  science (or biology) as a core , but 

ra th e r  the two d iscip lines combined into a  two y e a r  na tu ra l science (or environ­

m ental science) cu rricu lu m -, a ll of th is p receded  by a  y e a r  of physical science.

RESEARCH TOPICS BEYOND THE SCOPE OF THIS PAPER 

Many students in the secondary schools of our nation lack  in te re s t and
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m otivation. Suspect is  our continuing fa ilu re  to provide an in te resting , re levan t, 

and continuous type of cu rricu lum  in which each student may become involved.

A study should be m ade to determ ine ju s t how extensive the problem  may be.

A topic worthy of study is e a rth  science as a  te rm in a l course; it could 

open the door to many students fo r  hobby in te re s ts  which m ight aid  mental 

hygiene.

The sub jec t of c a re e rs  is  not adequately explored a t e ith e r the secondary 

o r college level. As the student develops aw areness he -rriay sw itch m ajor 

fie lds. Much valuable tim e can be lo s t to say  nothing of the confusion in 

try ing  to e lim inate cou rse  conflicts th e re a f te r . R esearch  in th is a re a  would 

need to be d irec ted  so as to determ ine what is  being done now and what can 

be done to provide secondary school students with a b e tte r  aw areness of jobs 

and c a re e rs .  An extension of this re s e a rc h  to the college level will probably 

be necessa ry .

The le c tu re  and review  of tex t teaching methods a re  s till  being used 

by many Montana e a r th  science te ach e rs . The sam e is  undoubtedly true  fo r 

the o th er sub ject m a tte r  a re a s . C ourses th a t use an investigative approach, 

independent student re se a rc h , and c lass  d iscussions a re  sa id  to be superio r.

A study designed to m easu re  ju s t how extensively these p o o re r methods a re  

being used  and to suggest rem ed ies m ight be useful.

T here seem s to be very  little  inform ation available tha t is  re la ted  to 

e a r th  science teaching budgets. Many Montana teachers  did not even know 

how much th e ir  annual budget was. Obviously, a beginning budget will be much
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higher than the c a r ry -o v e r  budget needed fo r succeeding y e a r s . A published 

guide on financial needs certain ly  would strengthen  the te a c h e r 's  persuasive  

pow er with h is p rinc ipal.

Institutions of h igher learn ing  should continue, without le t-u p , th e ir  

em phasis on in te rd isc ip lin a ry  a ttitudes. An a re a  worthy of re s e a rc h  m ight be 

the extent of overlap  in co u rses  being offered  by the sep a ra te  d iscip lines. The 

objective would be a  b e tte r  cu rricu lum  fo r  students which would provide them  

with m ore  education; no in c rease  in the num ber of o v era ll:co u rses; no need fo r 

a  five y e a r  p rog ram . The existing situation  m ight be thought of as a "scheduling

c r is is " .
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[COPY] 

May 7, 3969

M r. W ilbert Howell
Lewis & Clark Ju n io r High School
B illings, Montana 59102

D ear M r. Howell:

D on't say it!  Y es, th is  is  indeed ano ther questionnaire but -  it  is  
designed to help you, the e a r th  science teach e r. Up to and including the 
p re sen t tim e , re la tive ly  little  was and is  known about earth  science cu r­
r ic u la  in  ou r State of M ontana. This sim plified  questionnaire is  an attem pt 
on my p a r t  to find out what is  going on in Montana. However, put your mind 
a t ease fo r i t  has nothing to do with a  standard ized  cu rricu lum  and all rep lie s  
will be kept s tr ic tly  confidential. No signature  is  requ ired .

I am  p resen tly  on a  leave of absence from  the G eneral E lec tr ic  Company 
and am a graduate student a t Montana State U niversity , D epartm ent of E a rth  
Sciences. I 'm  working tow ard a  M aste r of Science degree in Applied Science 
(E arth  Sciences) with a  m inor in Education. My ultim ate goal is  to get a 
job teaching ea rth  science in a Montana high school.

These q u estio n n a ires , when com pleted and re tu rn ed  to me will provide 
the n ecessa ry  data fo r  my th e s is , "A nalysis of E arth  Science Teaching in 
Montana Secondary Schools". If you will com plete this form  fo r m e, I will 
in re tu rn  send you a re p o rt on my findings. I will try  to develop som e sug­
gestions as to how e a rth  science teaching may be im proved in the state.
This re p o rt should prove of in te re s t to you if  the feedback on the questionnaires 
has been objective and accu ra te . It could a lso  help to make your teaching ef­
fo r t m ore meaningful and perhaps m ore  effective.

Sincerely,

R ichard  L. M ackin

z -

R LM /llm
enclosure
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[COPY] 

May 7, 1969

To the Science D epartm ent Head:

We a re  try ing  to reach  all schools th a t a re  offering E a rth  Science 

an d /o r Geology cou rses  o r  units in these sub jec ts. Would you please 

have som eone reply  to th is  questionnaire  even though E a rth  Science is  

not o ffered  a t your school.

Thank you,

R ichard  Mackin
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[COPY]

QUESTIONNAIRE

1. The school I teach  in is  in a c l a s s ________________ d is tr ic t.

2. It is  a  (junior) o r  (senior) high school.

3. C lass periods a r e ________________ m inutes long.

4. I h a v e____  e a r th  science c la sse s  p e r  day that a re  taught
tim es a week.

5. I a v e ra g e ___________ students p e r  ea r th  science c lass
(minimum n u m b e r___________ m axim um  n u m b e r___________).

6. I cover th is co u rse  of study i n ___________sem este r(s ).

7. I h a v e ___________ lab  periods a week p e r  c la ss .

8. The grade level of these  ea r th  science c lasses  i s ________________________ .

9. They (are) (are not) divided into ab ility  levels.

10. I teach  a  to tal o f ___________ c la sse s  p e r  day w ith _______ , free  periods
p e r  day.

11. How many o th er teach e rs  in your system  teach ea rth  science  ? ____________

12. I (have my own classroom ) (m ust sh are  my fac ilities).

13. How do you ra te  your p re sen t c lassro o m  fac ilitie s  ?
POOR FAIR GOOD EX CELLE NT

14. Do you have a  sep a ra te  l a b ___________? If so, how do you ra te  i t?
POOR FAIR GOOD EXCELLENT

15. What is  your annual budget fo r e a r th  science ? ____________________________

16. My c lassro o m  tim e is  spent m ainly by (lecturing) (discussion) (review  of
tex t assignm ent) (other________________________ _______________________ ).

17. Do you assign  h o m ew o rk ?______ Are assignm ents (light) (heavy) ? A re
they (in text) (outside reading) (problem s) o r (_______________________) ?
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18. How many field  tr ip s  do you plan during the se m e s te r?
Would you explain b riefly  what you do ?____________

19. The name of our tex t i s ____________________
b y _________________________ published by

20. I om it the following chap ters o r  u n i ts ______

because

21. I (do) (do not) follow the sequence as suggested by the au thor of the text.
My reaso n s fo r  not doing so a re : _______________ __________________

22. This is  optional; answ er if you can. What is  the topical sequence that you 
do follow ?

23'. Have you seen  the new ESCP tex ts and teacher guides ? _______ . Would
you like to use them  ? _______ . If not (and th is is  optional) can you
give the reason . ___________________________________________________

24. Would you l i s t  your e x tra c u rr ic u la r  o r  co cu rricu la r involvements'. Include 
m em bersh ips in p ro fessional o rganizations.
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25. I hold the following college d eg rees. _________________________________

26. I (do) (do not) have a  teaching (m ajor) (minor) in e a r th  science.

27. If the answ er to 26 is  negative, what cou rses  in e a r th  science have you
taken ?

28. Do you teach these e a r th  science cou rses  by choice o r  w ere you se lec ted  to
vo lunteer ? _______________________________________________ , _______

29. What re so u rce  m a te ria ls  and re fe ren ces  a re  available to y o u ? ____________

30.

31.

What type of lab o ra to ry  and dem onstration  equipm ent is  available to you ?
F o r exam ple:

EZl Globe □ Structural m odels

E Z  P lane ta rium □ Clay m odels of s tra tig rap h ic  groups

I I C elestia l sphere □ D ioram a

E Z  Topographic m aps □ S tream  table

E Z  R elief m aps □ M oh's sca le  of hardness

E Z  B in ocu larscope ' ' □
□ □

EZl Rock & m inera l collection (broad coverage) (res tric ted )

I I F o ssil collection (broad coverage) (restric ted )

Does your school sy stem  have an advanced course in ea r th  science as a 
follow-up fo r I l t h  an d /o r 12th g ra d e rs  ? ___________
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[COPY]

STUDENT QUESTIONNAIRE -  EARTH SCIENCE COURSES IN MONTANA [A]

I .  Have you ev er had a  course  in ea r th  science o r  geology before ? __________

-2. Have you e v e r had a  course  in chem istry  ? . If y e s , was i t  difficult
fo r you ? _______

If the answ er to the f i r s t  question was y es , p lease answ er the following 
questions. If no, stop h ere .

3. W here ? (city of tow n)_________ .________________

4. When ? (d a te )______________________

5. Name of sc h o o l______________;__________ _______ ;

6. T each e r’s N am e________________________________

7. Grade level of c o u r s e _______ ; num ber of s e m e s te r s ________

8. Grade received  (in e a r th  s c ie n c e )_______

9. Which p a r ts  of the co u rse  did you find m ost in te restin g  ?

10. Would you have recom m ended the course  to your friends ? _______

11. Did your teach e r seem  w ell-versed  in the field  of e a rth  science ? _______
Was he en thusiastic  ? _______  , <■

12. Was labo ra to ry  w ork included in th is  course  ? _______  If so, can you give
an approxim ation of the tim e spent p e r  week in lab . ___________

13. Did you have much hom ework ? ________ If so, did i t  help you to understand
.the m a te ria l b e t t e r ? ________

14. How many field  tr ip s  did you have ? _______

15. Can you rem em b er the name of the tex t that you used ?
Name of tex t w a s ________________________;______
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Yes

Yes

[COPY]

EARTH SCIENCE SURVEY [B] '

Spring Q u arte r 1970

No Have you had an ea rth  science course  in  high school ?
(If y e s  e n te r the g rade on the line)

No Did you use the ESCP tex t?  ESCP m eans E arth  Science 
C urricu lum  P ro jec t.

W here did you take the ea r th  science cou rse  ?

Nam e of School

Town o r  City State if not Montana

Your Name
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TEXTS USED BY MONTANA EARTH SCIENCE TEACHERS

Title  of Text T eachers
using

Brown, Howard, and o th e rs , 1958, Introduction to Geology,
Boston: Ginn & Co. 644pp. I

E a rth  Science C urricu lum  P ro jec t, 1967, Investigating
the E a rth , Boston: Houghton M ifflin. 594pp. . 14

F le tch e r, G ustave, and Wolfe, Caleb, 1959, E a rth  Science
4th ed. Boston: Heath. 556pp. I

N am owitz, Sam uel, and Stone, Donald, 1965, E a rth  Science; the
W orld We Live In, 3 rd  ed. P rinceton: Van N ostrand. 597pp. 10

R am sey, W illiam , and B urcldey, Raymond, 1965, Modern E a rth
Science, New York: Holt, R inehart:, & Winston. 664pp. 47

T h u rb e r, W alter, and K ilburn , R obert, 1965, Exploring E a rth  
Science, Nineteen S ix ty-F ive, Boston: Allyn & Bacon.
446pp. I

Wolfe, Caleb, and o th e rs , 1966, E a rth  and Space Science, 
Boston: Heath. 630pp. 4
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