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Oh, Eas t  is East,  a n d  Wes t  is West, 
and  never the twain  shall  meet. . .  

The Ballad of East and West (I 889) 
R. Kipling 

T w o  C u l t u r e s  -- Art  
a n d  S c i e n c e  

r t is ts  and  scient is ts  are t h o u g h t  
to inhab i t  two d is t inc t  worlds,  
wha t  C.P. Snow called The TWo 

Cultures .  Chemistry,  possibly the mos t  
d i s tan t  of the sciences, is the s tudy  of 
the composi t ion and  properties of sub- 
s tances  and  with the react ions by which 
s u b s t a n c e s  are p roduced  or converted 
into other  subs tances .  Chemis t ry  is con- 
sidered by some to be the domain  of the  
u n u s u a l l y  d e t a i l e d  or  t he  d i s t i n c t l y  
logical. 

... so that  the aim o f  exact  science is to 
reduce the problems o f  nature to the 
determination o f  quantit ies by opera- 
tions wi th  numbers.  

On Faraday's Lines of Force (1856), 
J. Maxwell 

Art,  t he  d e v e l o p m e n t  of "crea t ive  
works tha t  make  or display form, beauty,  
and  perception," h a s  been  character ized 
as  the  mos t  pleasing of h u m a n  activities. 
Creating ar t  is considered by some to be 
the  domain  of the  u n u s u a l l y  w even di- 
v i n e l y -  inspired or dis t inct ly insightful.  

All passes ,  Art  alone 
Enduring s t a y s  to us; 
The bus t  out lasts  the throne - 
The coin, Tiberius. 

Ars V/ctr/x, { 1876}, H. Dobson 

The relat ionship between ar t  and  the 
science of chemis t ry  is not  readily obvi- 
ous or even d iscussed  with the s t uden t  
of either. However, when  examined more 
closely - -  examined more scientifically 
and  more a r t i s t i ca l ly - -  the  scientis t  and  
the ar t is t  have often been found to be 
one and  the same. "Most imaginative sci- 
ent is ts  are also artists,  poets, mus ic ians  
or writers" (The Creative Process, 1985). 
This connect ion  was  proposed by J .H.  
van ' t  Hoff, a poet  and  the  first Nobel lau- 
reate  in chemis t ry  in 1878. Van't Hoffs  
s t u d y  of more t h a n  200 early biographies 
of sc ient i s t s  suppor t ed  his  con ten t ion  
a b o u t  the  close r e l a t i onsh ip  be tween  
chemis t ry  and  art. 

Recently, Robert Root-Bernstein (The 
Creative Process, 1985), a science histo- 
r ian,  con t i nued  van ' t  Hof f s  work  a n d  
found creative processes  as  the  unif ier  
of ar t  and  science. The two-cul tures  con- 
cept, pos tu la ted  by Snow, was  not  be- 
tween scientists  and  artists,  according to 
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Root-Bernstein in his s tudy  of 150 scientists,  bu t  
between those who innovate and  create and  those 
who do not. Great  ar t is ts  and  chemis ts  are inno- 
vators; they create. He found tha t  nonverbal  forms 
of thought ,  especially visual  th inking and  menta l  
modeling, were more impor tan t  to successful  sci- 
ent is ts  t h a n  were verbal forms of thinking.  

The same is t rue  of art ists.  The ability to imag- 
ine new artistic realities is coiTelated with playing, 
model ing,  abs t rac t ing ,  idealizing, ha rmoniz ing ,  
analogizing, pat tern-forming,  approximating,  and  
extrapolating. Creativity is related to the ability to 
take a problem (e.g., How do chemicals  exist?) and  
t rans la t ing  it into ano ther  form, such  as an  anal- 
ogy, a model, or picture, tha t  is more easily ma- 
nipulated mentally. Then, the problem can be trans- 
lated back  into some verbal or ma themat i ca l  form. 
Root-Bernstein felt t ha t  the ability to t ransfer  ideas 
between modes  of intelligence may  be a key to suc- 
cess for both  the ar t is t  and  the chemis t  (The Cre- 
a t ive  Process ,  1985). 

The belief tha t  ar t  and  science are inter-related 
prompted the name  for a recently completed project 
sponsored by the US West Founda t ion  and  con- 
ducted  at  Iowa State University. Leonardo daVinci, 
considered by mos t  to be an  artist,  bu t  known by 
scientis ts  to be one of their  own, was an  accom- 
plished ar t is t  and  a visionary scientist.  The use  of 
DaVinci in the title of this  project served as a men-  
tal m o d e l  for those who part icipated in it. Mental  
models  are representa t ions  tha t  are active while 
solving a problem and  tha t  provide a workspace - -  
a menta l  workspace - -  for ilfference and  menta l  
opera t ions  (Gentner  & Stevens,  1983). DaVinci 
served as an  image to guide the activities of this  
project, which at  its mos t  f undamen ta l  level was 
the  deve lopment  of s y n t h e s i s  be tween  ar t  a n d  
chemistry,  ar t is ts  and  chemists .  

The  m o s t  beau t i fu l  thing w e  can  e x p e r i e n c e  is 
the  m y s t e r i o u s .  It  is the  s our ce  o f  all t rue  art  
a n d  sc ience .  

What  I Believe (1930), A. Einstein 

This project b rough t  together  scholars  from a 
variety of venues.  It identified s t uden t s  of chemis-  
try and  art, teachers  of chemis t ry  and  art, and  re- 
searchers  in chemis t ry  and  art, and  placed them 
in a s i tuat ion tha t  fostered collaboration. They were 
to develop mul t imedia  materials  tha t  visualized and  
explained basic i ssues  and  concepts  in the teach- 
ing of chemis t ry  and  the practice of art. 

The process began with groups of chemists  and  
artists,  and  moved to a gradual  melding of t hem 
into t eams  of "artistic scientists" - -  DaVinci schol- 
ars - -  who worked together  and  learned from each 
other. This merger  was apparen t  in the mul t ime-  
dia mater ia ls  created, and  also in the people in- 

volved. Teacher  educat ion  s tuden t s  who partici- 
pated as colleagues provided an  on -campus  link 
between teachers  and  teacher  educators .  

Recently, considerable a t ten t ion  has  been di- 
rected toward the need to improve the quali ty of 
educat ion  and  increase the measurab le  abilities of 
s tudents .  One t rend tha t  ha s  galvanized efforts in 
various disciplines is the move to develop clear stan- 
dards  for achievement.  This project concent ra ted  
on the publ ished s t anda rds  in ar t  and  science to 
ensure  tha t  efforts were in concert  with other  edu- 
cat ional  reform activities. 

S t a n d a r d s  in  Art and  
S c i e n c e  - C o l l a b o r a t i o n  
Published s t anda rds  in ar t  and  science served as 
guides  for the development  of the activities of the 
DaVinci Project. Additionally, the Nat iona l  E d u ca -  
tion Goals  - Goals  2 0 0 0  provided direction to the 
project. In Iowa, where this  project took place, a 
new F r a m e w o r k  For Ar t  E d u c a t i o n  was recent ly  
made  available. This documen t  proposed a Scope, 
Sequence,  and  Strategies for learning in art. Aim 1 
of the F r a m e w o r k  proposed guiding s t uden t s  to 
perceive, c o m p r e h e n d  a n d  eva lua te  the  v i sua l  
world. The purpose  of this  aim was to awaken  stu- 
dents  to the visual character is t ics  of the na tu ra l  
world and  the world created by h u m a n s .  

Aim 3 was to motivate s tuden t s  to develop and  
communica te  imaginative and  inventive ideas. The 
purpose  of this  aim was to promote fresh ways of 
th inking and  ilew methods  of visualization, and  to 
see experiences from a different perspective, free- 
ing new concepts  to emerge. The DaVinci Project's 
activities fostered these  a ims for chemists ,  artists,  
and  teacher  educat ion  s tudents .  

Additionally, the Nat iona l  V i sua l  Ar t  S t a n d a r d s  
s t ress  the making  of connect ions  between visual 
ar ts  and  other  disciplines. This was  accomplished 
in the DaVinci Project with special emphas i s  on 
the  second  na t iona l  con t en t  s t a n d a r d  of u s ing  
knowledge of s t ruc tu res  and  funct ions  which be- 
came a basic component  of the DaVinci Multime- 
dia System. 

Also of par t icular  in teres t  to this  project was 
National Educa t ion  Goal 3 which indicates  tha t  
learners  in the year  2000 will be competen t  in core 
subjects.  The plan for the DaVinci Project was to 
produce  a replicable process  and  widely usable  
mul t imedia  mater ia ls  tha t  promoted competence 
t h a t  was  f u n d a m e n t a l  and  sys temic  in ar t  and  
chemis t ry  - -  materials  tha t  buil t  a linkage between 
the two areas.  At the core of the project was the 
belief tha t  it was  at  the intersect ions between the 
artificial limits of t radi t ional  disciplines tha t  t rue  
competence  is found. 
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On many levels, and to many  people, chemis- 
try and art are not easily correlated. For the DaVinci 
Project a conceptual framework for the development 
of project materials and activities was identified. 
This framework was based on three levels of com- 
plexity of ideas: structures;  interactions between 
and among structures;  and the applications of 
s t ructures  and interactions to the everyday, ob- 
servable environment (Figure 1). The development 
of higher order thinking skills was fostered during 
the entire project, especially during the develop- 
ment  of the third phase of the DaVinci Multimedia 
System. 

Three Levels - Structures, 
Interactions, and 
Applications 
Struc tures  are defined as the fundamental  build- 
hag blocks of a discipline. For example, chemists 
have the Periodic Table of the Elements, the Scien- 
tific Method, and logical techniques of inquiry as 
building blocks. Artists have the elements of de- 
sign, color relationships, and techniques of per- 
spective that  they use in a variety of situations to 
develop artistic creations. Chemistry s tudents  and 
art  s tudents  learn these and other s t ructures  in 
their courses of study. 

I n t e r a c t i o n s  require the learner to utilize ba- 
sic knowledge during the development of more com- 
plex ideas. Chemists mix chemical elements ac- 
cording to formulas to form compounds. Artists 
combine design elements in the visualiza- 
tion process according to established prin- 
ciples to create art. In both cases more 
complex realities are produced. 

Ultimately, the learner should be able 
to unders tand  the app l i ca t ions  of art and 
chemistry. The multimedia materials cre- 
ated permit students to experience and un- 
derstand the chemistry of living and non- 
living things, and appreciate and react to 
the beauty and purposefulness of their ex- 
periences. 

Further, the multimedia materials cre- 
ated by the DaVinci Project heighten the 
learner's unders tanding of chemistry con- 
cepts by helping the learner to approach 
problems in the same ways as do profes- 
sional chemists.  It has  been suggested 
(Herron, 1990) that  professional chemists 
have the ability to operate using three lev- 
els of representation: symbolic represen- 
tations, such as formulas and equations; 
the microscopic representations of atoms 
and molecules, and macroscopic events. 

Studies by Gabel and Sherwood (1984} and 
Gabel, Sherwood, and Enochs (1984) indicate that  
the majority of high school s tudents  solve chemis- 
try problems using only algorithmic methods (num- 
bers into a formula}. These s tudents  did not pos- 
sess an adequate representation of the chemical 
concepts needed to unders tand  a problem. 

The DaVinci project built a model of collabora- 
tion that  resulted in the development of multime- 
dia materials that  could be used to demonstrate  
the relationships between art  and chemistry. Mul- 
timedia materials that  were developed "crossed 
over" from art to chemistry and chemistry to art. 
At the same time, DaVinci scholars "crossed over" 
in their understanding of art, and their understand- 
ing of chemistry. 

Pro iect Goals, Objectives, 
and Activities 
The DaVinci Project had five goals that  guided the 
completion of activities. The goals were: 

Goal 1 
Collaboration between university faculty, university 
students,  teachers in local schools, and special- 
ists in multimedia and visual~ation is important. 

Goal 2 
Innovative multimedia materials that  incorporated 
basic concepts in art (visualization, visual think- 
ing, metaphoric thinking, and visual logic) and 
chemistry (structures, interactions, and applica- 
tions) are products that  demonstrate the potential 
of the collaborative efforts of the DaVinci Scholars. 

Figure 1. Concept Map: The DaVinci Multimedia System 
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Goal 3 
Learning  oppor tun i t i e s  for s t u d e n t s  in ar t  and  
chemis t ry  can  be  e n h a n c e d  th rough  the  u se  of 
mul t imedia  mater ia ls  tha t  lead to an  u n d e r s t a n d -  
ing of bo th  disciplines. 

Goal  4 
Ins t ruct ional  activities for inservice and preservice 
t eachers  are neces sa ry  for full util ization of the  
DaVinci Mult imedia  System.  

Goal  5 
Needs a s s e s s m e n t s  can  identify concepts  related 
to bo th  art  and chemis t ry  and  evaluat ion proce- 
dures  will guide the planning, implementat ion,  and 
summar iza t ion  of the  project. 

These  goals were accompl i shed  by the  conclu-  
s ion of the  project. This was  de te rmined  by  us ing  
the Sweeney  and  So rensen  AEIOU Approach  to 
evaluat ion (Simonson,  1997). Accountabil i ty,  Ef- 
fectiveness,  Impact,  Organizat ional  Context,  and 
Unan t i c ipa ted  O u t c o m e s  of the  DaVinci Project  
were evaluated  us ing quant i ta t ive  and  quali tat ive 
techniques .  Each  of the  goals and  objectives of the  
DaVinci Project  were repor ted on (Technology Re- 
sea rch  and  Evaluat ion Group,  1997). 

The DaVinci Multimedia 
System 
Twenty-four  DaVinci Scholars  were selected to par-  
t icipate in the  project. TWelve school  distr icts  in 
Iowa were  represented .  One Art and  one Chemis-  
try t eacher  were selected from each  district. Art 
and chemis t ry  t eachers  applied as  a team. Appli- 
ca t ions  were reviewed by  the project  s ta f f  and  12 
t eams  were selected based  on criteria tha t  included 
s ta ted  commi tmen t  to the  project 's  five goals and 
experience in the field of ei ther Art of Chemistry.  

These  twenty-four  educa to r s  col laborated with 
university professors from Art, Chemistry, and Edu-  
cat ion in the  development ,  c l a s s room testing, and  
final product ion of the DaVinci Multimedia System. 

The CD-ROM-based  DaVinci Mult imedia  Sys-  
tem p roduced  by  the DaVinci Scholars  ha s  two 
major  components .  Following an extensive period 
of script  writ ing and  revision by  the  DaVinci schol-  
ars, four  CD-ROM-based  multimedia lessons were 
c rea ted  us ing  Macromedia ' s  Authorware  and  Di- 
rector. The lessons  explored concep ts  c o m m o n  to 
Art and  Chemistry .  Second,  more  t han  70 art-sci- 
ence instructional strategies (lesson plans) su i table  
for grades  3-12 were developed and  incorpora ted  
into the lesson. Actually, the final CD was  produced  
as  a virtual  tour  of DaVinci's home  and workshop  
in Florence, Italy. The u se r  of the  CD visits and  
views, selects,  and  even man ipu l a t e s  mater ia ls  re- 
lated to Art and Chemis t ry  in a t rue  interactive, 
hype rmed ia  format.  

Additionally, staff development materials  for ar t  
and  science t eachers  were included.  These  mater i-  
als cons is t  of a teacher ' s  m a n u a l  with copies of 
each  of the ins t ruct ional  s t rategies  and informa- 
tion a b o u t  the  appropr ia te  use  of the  DaVinci Mul- 
t imedia  System.  Finally, a 20 -minu te  video tape  
was  p roduced  to in t roduce  the DaVinci Project  and  
to t race  and  d o c u m e n t  the  deve l opmen t  of the  
DaVinci Mult imedia  System.  

Conclusion 
One of  the most important curricular areas that 
provides a foundation for critical, logical, and 
creative thinking is chemistry. This statement is 
also true, if when repeated verbatim, the word 
art is substituted for the word chemistry (Waltz, 
1992). 

Certainly, the  two disciplines are  considered  fun- 
damenta l ly  different by  the vas t  majori ty  of s tu-  
den t s  and  scholars .  While the  DaVinci Project  did 
not  dispel this long-s tanding percept ion  a b o u t  the  
differences be tween  Art and Chemistry ,  it serves  
as  a model  and  a prototype for reform and  change.  
The DaVinci Project p roduced  concrete,  observable,  
and  m e a s u r a b l e  p roduc t s  - -  long the goal of bo th  
ar t i s ts  and  scient is ts  - -  tha t  pay  tes t imony to the  
project 's  purpose ,  the  bridging of  the  artificial gulf  
be tween  the worlds of the  ar t is t  and  the chemist .  

On the  far wall of the  labora tory  there  is a note: 

the measurement 
is a poem 
if properly expressed. 
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