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Univers i ty  of Nebraska, 1990

Advisor: Donald W. McCurdy

The purpose of t h i s  s tudy was to  determine the level of 

understanding concerning heat  t r a n s f e r  and temperature he ld  by 

p rese rv ice  elementary te ach e r s .  Three ques t ions  were I d e n t i f i e d :  

Cl) What d id  p rese rv ice  elementary teache rs  know about everyday 

phenomena th a t  involved heat  t r a n s f e r  and temperature? (2)  How 

did  t h e i r  answers compare with answers accepted by most expe r t s  as  

being co r re c t ?  <3) How d id  t h e i r  answers compare with answers 

given by elementary s tuden t s  as  repo r ted  In the l i t e r a t u r e ?

Eleven elementary educat ion  majors from a mldwestern 

u n iv e r s i ty  elementary sc ience  methods c l a s s  were interviewed us ing  

an ln te rv lew -abou t - Ins tances  technique.  In terview t r a n s c r i p t s  

were analyzed us ing  a v a r i e ty  of m a t r ice s .  Frequent peer  reviews 

and member checks were made to Insure the v a l i d i t y  and consis tency  

of the f in d in g s .  Detai led  d e s c r ip t io n  of the s e t t i n g ,  methods,
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and the f in d in g s  were provided to  acc u ra te ly  rep resen t  the 

m u l t ip l e  r e a l i t l e s .

The fol lowing  conclus ions  were made based on the r e s u l t s :

(1)  The conceptual model of hea t  t r a n s f e r  and temperature used by 

the s u b je c t s  In the study more c lo se ly  resembled the c a l o r i c  

theory than modern thermodynamics. (2) The problem-solving method 

employed by the s u b je c t s  c o n s i s t e d  la rge ly  of r e c a l l e d  f a c t s  and 

personal  exper iences .  The s u b je c t s  were unable to  deal 

s u c c e s s fu l ly  with I n t e r a c t i o n s  between two or more v a r i a b le s .

(3)  The Idea of temperature as  a r e l a t i v e  measure i s  

w e l1-developed In the s u b je c t s  but does not appear to  be grounded 

In the k i n e t i c  theory of m a t t e r .  (4)  The conceptions he ld  by the 

s u b je c t s  matches c lo se ly  with those repo r ted  being held by o lder  

elementary c h i ld re n .

The f in d ings  of t h i s  s tudy suggest th a t  a l t e r n a t i v e  methods 

should be employed in teach ing  sc ience  to fu tu re  elementary 

te ach e r s .  The methods might inc lude making them aware of t h e i r  

c u r ren t  conceptions  before  p rovid ing  them with a c t i v i t i e s  to  

change any inc o r re c t  conceptions they may have.
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CHAPTER 1 

The Problem

S e t t i n g  the Stage

I walked Into  the elementary classroom looking fo r  the 

s tudent  te ache r .  "She' s  o u ts ide  on the playground watching 

r e c e s s ,  but s h e ' l l  be back Inside In about f iv e  minutes.  J u s t  

make yourse l f  a t  home," s a i d  the coopera t ing teache r .  As I 

s e t t l e d  Into  the corner from where I would do my observ ing,  I took 

a look a t  the  th in g s  around the room. There were b r ig h t ly  colored 

animal p o s t e r s ,  the "mandatory" penmanship t r a i n ,  and samples of 

s tuden t  work covering the av a i l a b l e  wall space.  On the t a b l e  In 

the back was an aquarium. A va r i e ty  of common house p l a n t s  f i l l e d  

the window s i l l s .  I thought to  myself ,  "Here ' s  a room where the 

k ids  have some rea l  fun In sc ience  c l a s s . "

Afte r  I f in i sh e d  observing and d eb r ie f in g  the s tudent  

te acher ,  I v i s i t e d  with the coopera t ing  teacher  and s tudent  

teacher about the va r ious  s u b je c t s  the s tuden t  teacher  would be 

teaching  th a t  term. When I mentioned s c ience ,  the coopera t ing  

teacher  h e s i t a t e d  and then s a id  q u i e t ly ,  almost a p o l o g e t i c a l l y ,

"We t ry  to  squeeze sc ience  In on Fridays .  With a l l  the e x t r a  

c l a s s e s  l ike  a r t ,  music,  and PE, i t ' s  r e a l l y  hard  to  cover the 

th ings  we are  supposed to  and nuve time l e f t  over for  sc ience ."

"What about the p l a n t s  and the aquarium?" I inqui red .  "Seems 

to me you have some p o te n t i a l  sc ience a c t i v i t i e s  r i g h t  th e re . "
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2

"Oh those ,"  the coopera t ing teacher  r e p l i e d .  "They are 

th ings  I have every student  teacher  s e t  up because the p r inc ipa l  

l i k e s  to  see l o t s  of th ings  to  s t im u la te  the k id s '  c u r i o s i t y .  We 

never do much with them."

The Magnitude of  the Problem

Such a scenar io  Is a l l  too common In t h i s  n a t i o n ' s  elementary 

schools .  A sub jec t  tha t  e x c i t e s  s tu d en t s  and has the p o s s i b i l i t y  

to  be In teg ra ted  with the core curriculum Is  v i r t u a l l y  neglected 

by 85% of teachers  (Manning e t  a l . f 1980).

Research concerning the lack of elementary sc ience  has 

revea led  a number of causes.  Lack of  academic prepara t ion  In 

sc ience  Is  c i t e d  by th r e e - fo u r th s  of surveyed teache rs  (Gerlovlch 

e t  a l . ,  1981). Lack of ac in in ls t ra t lve  suppor t ,  In su f f i c i e n t  

m a te r i a l s  and space,  d i f f i c u l t  textbooks,  and Inadequate time are 

o ther  f requent ly  mentioned obs tac le s  (Mechling & Oliver ,  1981).

All of the aforementioned items need to be d e a l t  with to  Increase 

the amount of sc ience  taught  In our elementary schools .  A clue 

to  a good place  to begin dea l ing  with the problem may be the f ac t  

th a t  75% of elementary teachers  feel  unprepared to  teach science.

When research ing  anxiety In p rese rv ice  elementary sc ience  

te ach e r s ,  Duschl (1983) found the knowledge component to  be the 

most th rea ten ing  f a c to r  and a s i g n i f i c a n t  co n t r ib u to r  to 

apprehension about teaching  sc ience .  Elementary te ache rs  simply 

d id  not feel  they knew enough sc ience to  teach I t .  A search of
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3

the l i t e r a t u r e  revea led  th a t  few a t tempts  had been made to  

a s c e r t a in  what elementary te ache rs  knew about s c ience .  Science i s  

not a component of the Pre -P rofess iona l  S k i l l s  Test (PPST); i t  i s  

not pa r t  of most s t a t e  teaching  exams. In f a c t ,  co l lege - l eve l  

science  i s  not a requirement fo r  elementary c e r t i f i c a t i o n  in some 

s t a t e s  (Manning e t  a l . ,  1981).

I t  would seem th a t  a log ica l  s t a r t i n g  po in t  for  so lv ing  the 

problems l i s t e d  above would be to  determine how much science 

elementary te achers  know. One could adminis te r  a s tandard ized ,  

m ul t ip le -cho ice  exam and ob ta in  scores  tha t  could be compared with 

a norm. Too o f ten  the s tandard ized  t e s t s  only measure knowledge 

a t  the r e c a l l  and comprehension le ve l s  but reveal  l i t t l e  about the 

level of unders tanding of any p a r t i c u l a r  concept .

A number of r e s ea rch e r s  have conducted in-depth in te rv iews 

with ch i ld ren  in both elementary and secondary schools  to 

determine the level of  unders tanding of concepts  in ea r th  sc ience ,  

astronomy, b io logy ,  phys ics ,  and chemistry (Arons,  1981; Bishop 8. 

Anderson, 1986; Brumby, 1982; Eaton, 1983; Erickson,  1979, 1980; 

Minstrel  1 8. Smith, 1983; Wandersee, 1985; and Za'Rour,  i975>. To 

d a te ,  the re  have been no s im i la r  at tempts  r epo r te d  concerning 

elementary te a c h e r s '  unders tanding of these same concepts .

Although a time-consuming process ,  such in te rv iews allow probing 

th a t  can reveal  how much or how l i t t l e  a person ac tu a l ly  knows 

about a concept .
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I t  was beyond the scope of t h i s  research  to  determine what 

level of unders tand ing even a s in g l e  teacher  had of a l l  the 

s c i e n t i f i c  concepts  he/ she might teach In an elementary classroom.

A more manageable problem was to  s e l e c t  a s i n g l e  concept and t r y  

to gain a more complete p i c t u r e  of the unders tand ing of th a t  

concept .  The concept chosen was heat  t r a n s f e r —a concept th a t  Is

found a t  near ly  every grade level In a l l  the major p u b l i s h e r s '

science t e x t s .

C h i ld ren ' s  unders tand ing of heat  t r a n s f e r  phenomena has been 

documented by Erickson <1979, 1980), Erickson & Tlberghlen <1985), 

Osborne & Colgrove <1983), and Osborne 8. Freyberg <1985). By 

us ing s im i la r  ta sks  and techniques ,  the In v e s t i g a to r  was able to 

uncover p re se rv ic e  elementary t e a c h e r s '  Ideas about hea t  t r a n s f e r .

The s u b jec t s  chosen for  the research  were p r e s e rv ic e  elementary 

teachers  In a sc ience  methods c l a s s .  They were s e l e c t e d  fo r  t h e i r

a c c e s s i b i l i t y  fo r  the re sea rche r  as well as  for  the f a c t  they

would soon be respons ib le  fo r  teaching these  concepts  In t h e i r  own 

classrooms.

Some s p e c i f i c  ques t ions  th a t  were explored In t h i s  study 

were: <1) What d id  elementary teachers  know about everyday

phenomena th a t  involve heat  t r a n s f e r ?  <2) How did  t h e i r  answers 

compare with the answers accepted by expe r t s  as  being co r re c t ?

<3) How did  t h e i r  answers compare to  those given by s tu d e n t s  a s
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5

r e p o r te d  In the l i t e r a t u r e ?  <4> What recommendations can be made 

fo r  Improving an elementary t e a c h e r ' s  knowledge about s c i e n t i f i c  

concepts  such as  hea t  t r a n s f e r ?

Philosophical  Background 

How one a s c e r t a i n s  another  p e r s o n ' s  knowledge about c e r t a in  

phenomena Is  a perp le x ing  ques t ion .  Truth In na ture  Is  not 

w a i t ing  to  dec la re  I t s e l f .  S c i e n t i s t s  do not know In advance what 

obse rva t ions  or da ta  wil l  be Important,  but they usua l ly  have an 

Imagined preconcep tion of what the t r u t h  might be th a t  a r i s e s  out 

of t h e i r  view of the world (Medawar, 1979). This  viewpoint i s  the 

b a s i s  fo r  the ques t ions  asked,  the methods employed to  research  

the ques t ion ,  and se rves  as the s tandard  aga in s t  which the r e s u l t s  

are eva lua ted .

P o s i t i v i s t  Viewpoint

T rad i t iona l  research  i s  based on the assumption th a t  the re  Is 

a s in g le  ob je c t iv e  r e a l i t y  th a t  we can observe,  know, and measure. 

The na tu re  of t h a t  r e a l i t y  i s  he ld  to  be cons tan t  (Merrlam, 1988). 

Logical po s i t i v i s m ,  the contemporary form of the t r a d i t i o n a l  

viewpoint ,  b r ings  toge ther  two very powerful bases  fo r  knowledge. 

Logic s e rves  as  the s c a f fo ld in g  on which one models the world 

while observa tional  exper iences  cons t ra in  the model. The main 

concern of  such a viewpoint i s  to  develop c l e a r  c r i t e r i a  fo r  what 

a re  meaningful exp lana t ions .  AnalyUc or s y n th e t i c  s ta tements  are 

the only meaningful s ta tements  s ince  t h e i r  t r u t h  can be
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e s t a b l i s h e d  by d e f i n i t i o n  or experience.  All o ther  s ta tements  are 

ou ts ide  of the realm of v e r i f i c a t i o n  s ince  t h e i r  t r u t h  cannot be 

e s t a b l i s h e d  by d e f i n i t i o n  or experience.  The end r e s u l t s  are 

exp lanations  th a t  show how p a r t i c u l a r  event s  are examples of an 

e s t a b l i s h e d  p a t t e r n  (Bredo 8. Felnberg,  1982).

The use of logic and co n s t r a in t  se rves  a s  a convincing 

argument for the ve rac i ty  of t r a d i t i o n a l  re sea rch .  However, 

un ive rs a l  laws are d i f f i c u l t  i f  not impossible to  f in d  when 

d ea l ing  with the soc ia l  sc iences .  There are except ions  to  every 

r u l e ,  so a s t r i c t  deductive-nomological model of exp lanation i s  

not u s e f u l .

In order to  overcome t h i s  problem and yet  maintain some 

s tandards  agains t  which one can Judge ve ra c i ty  of claims,  

r e s e a rc h e r s  have adopted the i n d u c t i v e - s t a t i s t i c a l  model of 

exp lana t ion .  Rather than s t r i c t  adherence to  un iversa l  laws, the 

re sea rche r  t r i e s  to  f in d  general p r o b a b i l i s t i c  r e l a t i o n s h ip s  to  

explain  the da ta .  These g e n e ra l i z a t io n s  in tu rn can be used to  

p r e d ic t  o ther  events  in a s t a t i s t i c a l  r a th e r  than in a 

d e t e rm in i s t i c  sense.

The primary argument aga ins t  e i t h e r  p o s i t i v i s t i c  approach i s  

the abso lu te  logical  d i s t i n c t i o n  made between theory and 

observa t ion .  I f  th e o r i e s  a re  based on paradlgns ,  then 

observa t ions  are always cons t ruc ted  according to  the p a t t e r n s  

involved in the paradigm. The observer i s  never neu t ra l  nor
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o b je c t iv e ,  but makes observa tions  rooted  In p r i o r  exper iences  and 

b e l i e f s .  The p o s l t l v l s t l c  focus on s i n g l e ,  t a n g ib le  f ragnen ts  of 

r e a l i t y  in which the knower Is  completely Independent of the known 

can r e s u l t  In research  which Ignores the humanness of human 

respondents.

I n t e r p r e t a v i s t  Viewpoint

To more adequately deal with human n a tu re ,  a d i f f e r e n t  view 

of the world Is  c a l l e d  fo r ;  a po in t  of view In which we th ink of 

the na ture  of r e a l i t y  as  h o l i s t i c  with a complex I n t e r r e l a t i o n s h i p  

between the knower and the known. Such a world view might argue 

th a t  we cannot f ind  out much about the way the world i s  by ask ing  

about the bes t  or most f a i t h f u l  or  most r e a l i s t i c  way of see ing  or 

p i c tu r in g  i t .  The ways of see ing  and p i c t u r i n g  are many and 

va r ied  and are dependent on pas t  and p resen t  exper iences .  Ins tead  

one must be w i l l i n g  to  accept the idea th a t  the re  a re  m u l t ip le  

r e a l i t i e s  th a t  are context-bound and value-bound (Lincoln 8. Guba, 

1985).

If  one adopts t h i s  In t e rp r e t i v e  poin t  of view, he/she  must 

employ d i f f e r e n t  research  methods. These methods are  q u a l i t a t i v e  

r a th e r  than q u a n t i t a t i v e  because the I n t e r p r e t a v i s t  assumes th a t  

the world i s  not an ob jec t ive  th ing ,  but a funct ion  of personal  

i n t e r a c t io n  and percep t ion .  B e l i e f s  r a th e r  than f a c t s  form the 

b a s i s  of pe rcep t ion .  The research  i s  exp lo ra to ry ,  induc tive and 

emphasizes p rocesses  r a th e r  than produc ts  (Merrlam, 1988).
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Although the methods may be q u a l i t a t i v e ,  the purpose of the 

research  remains the same—to  add to  the body of knowledge. For 

tha t  to  occur,  the f ind ings  must match r e a l i t y ,  Including concern 

for  r e c o n s t ru c t in g  m ul t ip le  r e a l i t i e s  t h a t  are v a l id  and r e l i a b l e .  

Q u a l i t a t i v e  Methodology

The f i r s t  assumption under ly ing  the chosen methodology Is  

tha t  in d iv id u a l s '  experiences  are  mediated by t h e i r  own 

i n t e r p r e t a t i o n s  of exper ience .  Experiences are c r e a te d  by 

Ind iv idua ls  through an In te ra c t i o n  with o the rs  and are  used by 

Ind iv idua ls  to achieve s p e c i f i c  goa ls .  The researche r  the re fo re  

Is  concerned with cover t  behavior—the p a r t i c i p a n t s '  po in t  of 

view. The in ten t  i s  to t ry  and discover  and understand the 

p rocesses  by which the p o in t s  of view have developed (Jacob,

1987).

Something Is  known concep tual ly  about how the p o in t s  of view 

may have developed,  but not enough to  house a theory .  However, 

theory i s  Important to t h i s  type of exp lo ra t ion  In th a t  I t  a i d s  in 

formulat ing p ropos i t ions  about r e l a t i o n s h i p s  among c a teg o r ie s  of 

da ta .  These p ropos i t ions  can be woven Into  a t h e o re t i c a l  scheme 

which i s  fu r th e r  t e s t e d  by add i t iona l  examination of the empirical 

world.

P ropos i t ions  are the r e s u l t  of c o l l e c t i n g  d e s c r ip t iv e  d a ta .  

D escr ip t ive  da ta  can Include Information gathered in in terv iews ,  

observa t ions ,  and examination of w r i t t e n  documents. Even though
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the in v e s t ig a t o r  does not have a theory to  opera te  from, he/ she 

usua l ly  has a f a i r l y  good Idea of  where to  look fo r  the necessary  

information— In which s e t t i n g ,  among which a c t o r s ,  wi th in  which 

processes  he /she i s  l i k e ly  to  f i n d  usefu l  d a ta .

The d e s c r ip t i v e  da ta  i s  then used t o  develop conceptual 

c a t e g o r ie s  th a t  i l l u s t r a t e ,  suppor t ,  or  cha l lenge  the r e s e a r c h e r ' s  

conclus ions .  These c a t e g o r i e s  should be exhaus t ive ,  mutually 

exc lus ive ,  independent,  and d e r iv e  from a s in g l e  c l a s s i f i c a t i o n  

p r i n c i p l e .  Schemes can be borrowed from ou ts ide  sources as  long 

as they c o n t r ib u te  to  making the  r e s u l t s  p la u s i b l e  and reasonable 

(Merriam, 1988).

The primary research  instrument fo r  da ta  ga ther ing  becomes 

the human in q u i r e r .  Human Instruments a re  f a l l i b l e ,  as  a re  o the r  

research  ins truments .  Mistakes w i l l  be made, o p p o r tu n i t i e s  wil l  

be missed,  personal  b i a s e s  may i n t e r f e r e .  This i s  no d i f f e r e n t  

from the re sea rche r  us ing  p o s i t l v i s t i c  methods. To con tro l  for  

these  f a c t o r s ,  the r e sea rch e r  must take p reca u t io n s  to  inc lude a 

v a r i e ty  of respondents  and to  c o n t in u a l ly  involve o the rs  in 

examining the d a ta  and subsequent  conc lus ions .

The q u a l i t a t i v e  re sea rch e r  must a l s o  be cons tan t ly  aware of 

the ex tent  to  which h e r / h i s  presence  i s  changing what i s  observed.  

He/she must have a s e n s i t i v i t y  fo r  the con tex t  and the v a r i a b l e s  

w i th in  i t ,  inc luding  the s e t t i n g ,  the peop le ,  and the nonverbal 

behavior.  The re sea rch e r  must be a good communicator, be ab le  to
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empathize with respondents ,  be ab le  to ask good ques t ions ,  and 

above a l l  to  l i s t e n  I n te n t ly  In order  to  re c o n s t ru c t  reasonable 

m u l t ip le  r e a l i t i e s .

The human Instrument has an Invaluable capab l1l t y — the 

c a p a b i l i t y  of summarizing da ta  on the spot  and feeding them back 

to  a respondent fo r  c l a r i f i c a t i o n ,  c o r r e c t io n ,  and am p l i f i c a t i o n .  

The re sea rche r  may a l so  i n t e r p r e t  and r e i n t e r p r e t  the da ta  dur ing 

the p rocess .  This  al lows the Inqu i re r  to  move beyond the level  of 

t a c i t  knowledge. Tac it  knowledge must be converted to 

p ropos i t lona l  knowledge so th a t  the Inqu i re r  can both th ink about 

the knowledge e x p l i c i t l y  and communicate i t  to  o the rs .

A second assumption made in adopting a q u a l i t a t i v e  method for  

t h i s  s tudy was tha t  the goal of the research  was to d iscover ,  

unders tand ,  and gain In s igh t .  In order to  do th a t  the re sea rche r  

s e l e c t e d  the sample from which he /she  could learn  the most.

Members of any group th a t  occupy a p a r t i c u l a r  p o s i t i o n  In the 

soc ia l  s t r u c t u r e  ( I . e . ,  e lementary te ache rs )  develop common mental 

frameworks and p a t t e r n s  of behavior fo r  dea l ing  with the 

s i t u a t i o n s  they encounter .  In order  to  understand the behavior In 

c e r t a i n  s i t u a t i o n s ,  one must s e l e c t  people from th a t  context  th a t  

a re l i k e ly  to  provide the r i c h  d e s c r ip t io n  necessary for  

unders tanding complex thought p rocesses .  This  sample should be 

nonrandomly s e le c te d  p r e c i s e ly  fo r  I t s  p o te n t i a l  to  provide the 

g r e a t e s t  Ins igh t .  Respondents may Include d i s s i d e n t s ,  I s o l a t e s ,
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