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 Beginning in the 1970s and t hroughout  t he 80s and 90s, 
schools were confronted wit h educat ion reform ini t iat ives t hat  
int roduced many ideas. These included outcome-based educat ion, 
which was fol lowed in turn by per formance-based educat ion. 
However , problems developed along t he way when some 
individual teachers inser ted thei r  own agendas and appl ied their  
own defini t ions to out come-based and per formance-based 
educat ion (Towers, 1994; Manno, 1995; Schrag, 1995; Eakman, 
1996). Standard defini t ions and methods were lost in t he 
confusion and these programs became open to just about  any 
Òtouchy-feelyÓ not ion t hat  appealed to the indivi dual teacher . 
Ponnuru wrote t hat  out come-based educat ion Òhas l i t t le to do 
with raising academic standards. I nstead, i t  replaces exi sting 
standards wit h vague, often psychotherapeut ic goals. These new 
goals become the cr i ter ia for  assessing students, t eachers, and 
schoolsÓ (1994, p. 46). Much progress has been made in the past 
decade to clar i fy standards, but  the conversat ions concerning 
reform and t he debates about  how reform should happen, 
cont inue.  
 Out  of t he ashes of fai lures, and especial l y as a result  of 
the effor ts of those who recognized the problems and worked to 
correct  them, came programs such as School-to-Work and Career  
Pathways and the development  of new courses in vocat ional high 
schools and tech-prep schools. ÒShopÓ and vocat ional educat ion 
programs began to take on a new appearance under the new 
name of technology educat ion. Yet  in spite of government  
intervent ion and t he redefining of technology educat ion, problems 
and misconcept ions about  our  field persist . Some administrators 
and academic core curr icula teachers sti l l  look down upon 
technology educat ion and indust r ial  ar t s courses as non-academic 
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classes t hat  serve only to fi l l  the school t ime of those students 
who are not  planning for  a post-secondary educat ion. Even from 
within the ranks of technology educat ion, we cont inue the 
struggle for  the Òlegit imizat ion of technology educat ion as a school  
subject ,Ó (Lewis, 2004). Students who are not  exci ted about  school  
are sti l l  fal l ing through the cracks whi le the Òbr ighterÓ students 
graduate from high school wit h theoret ical  knowledge, wel l-
prepared for  post-secondary educat ion programs, but  severely 
lack ing in the abi l i ty to apply what  t hey have learned to the 
everyday l i fe exper ience of employment . 
 The solut ion to these di ffi cul t ies l ies within technology 
educat ion i tsel f. Technology educat ion holds t he potent ial  for  
teaching al l  student s the ski l ls of problem solving, and technology 
educat ion teachers should be emerging more and more as a vi tal  
par t  of the academic core teaching team.  
 

Pr em i se 
 Technology educat ion teachers today have at  their  
disposal the ski l ls, opportunit y, exper ience, ingenui ty, expert ise, 
equipment , and envi ronment  to great ly improve studentsÕ abi l i ty 
to learn and apply t he knowledge they have gained in t heir  
academic programs. This paper i s based on t he fol lowing four  
proposit ions: 

1. Technology educat ion is the logical system for  providing 
an effect ive per formance-based educat ion that  prepares 
the student  for  his or  her  immediate future, whether  i t  be 
a post secondary educat ion insti t ut ion or  t he job market . 

2. Technology educat ion teachers are the key to helping 
students make t he connect ions between t heir  academic 
core course mater ial  and t he real wor ld. Technology 
educators can accomplish much by al igning themselves 
with academic core teachers in a team-teaching 
envi ronment , benefi t ing both the academic core and 
technology educat ion programs. 

3. Aviat ion concepts and project s can provide t he catalyst  
and the vehicle by which students can discover the 
relevancy of thei r  ent ire academic core curr iculum. Even 
core curr icula teachers who have had no aviat ion 
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educat ion or  t raining can incorporate aviat ion concepts to 
mot ivate students to learn academic core mater ial . 

4. By incorporat ing avi at ion concepts, students can grasp 
the impor tance of learning core subject s in high school  
and at  the same t ime learn t he empi r ical  knowledge and 
ski l l s that  technology educat ion offers for  facing l i fe in the 
real wor ld.  

 
 Aviat ion t raining, l i ke many cr i t i cal  professions, was an 
outcome-based educat ion before out come-based educat ion became 
a phi losophical  idea. Many schools geared towards industry, 
par t icular ly char ter  schools and magnet  schools, have adopted 
educat ional mater ials with a focus on aviat ion. On January 8, 
2002, President  George W. Bush signed the ÒNo Chi ld Left  
Behind Act  of 2001Ó (NLBA) into law. The new law represents the 
PresidentÕs educat ion reform plan and Òcontains the most  
sweeping changes to the Elementary and Secondary Educat ion 
Act  since i t  was enacted in 1965,Ó according to the Nat ional  
Aeronaut ics and Space Administrat ion (NASA, 2002, p. 5). Since 
President  Bush signed t he NLBA into law, aviat ion has begun to 
play an increasing role in K-12 educat ion in the United States. 
Both NASA and the Federal Aviat ion Administrat ion, along wit h 
several universit ies, have taken a proact ive par t  in producing 
aviat ion related mater ials tai lored to al l  grade levels. Whi le most 
schools are not  ready or  cannot  afford to make a drastic shi ft  in 
their  cur r iculum, technology educat ion teachers may nonetheless 
work wi th academic teachers to l ink aviat ion concepts to their  
schoolÕs curr iculum. 
 

Team Teach i ng 
 Histor ical ly, teachers have operated in isolat ion when 
teaching thei r  classes, act ing as the sole disseminators of 
informat ion the students must learn in order  t o pass thei r  
par t icular  class (Hel ler , 1967; Buckley, 2000). For  most high 
school student s, thei r  school day is divi ded into equal, seemingly 
unrelated t ime per iods wi th no structure to assist them in making 
relevant  connect ions between disparate courses. Some educators 
question the wisdom of this approach. The Northern Nevada 
Wri t ing Project  Teacher-Researcher Group wrote, 
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ÒInterdiscipl inary classes help students see t he relat ionships 
between discipl ines, assur ing t hat  they make connect ions they 
would otherwise be left  to make on t heir  ownÓ (1996, p. 7). When 
that  interdiscipl inary relat ionship is formed between academic 
core and technology educat ion teachers, the combinat ion packs a 
great  potent ial  for  learning. When a technology educat ion teacher  
joins forces with an academic core teacher, t he students reap the 
benefi t  of gaining empir ical  knowledge and ski l ls not  usual ly 
acqui red within the confines of t he t radit ional teacher-centered 
classroom. By complet ing projects and design act ivi t ies, rout inely 
offered in the technology educat ion lab, student s engage in 
cr i t i cal  t hinking and gain t ransferable and empi r ical  knowledge 
and ski l l s (Cot ton, 2002; Helm &  Beneke, 2003; Johnson &  
Chung, 1999). Fur thermore, t hrough the act ive learning 
strategies of the technology educat ion classroom, t he student  i s 
given more ownership of his or  her  own learning and may develop 
a greater  desire to par t i cipate in the learning process. The 
studentsÕ mot ivat ion to learn can thus be t ransferred from an 
ext r insic source to an int r insic source (Brewer  &  Burgess, 2005).  
 There are several models for  structur ing team teaching. 
Goetz (2000) l ists six styles: t radit ional  team teaching, paral lel  
instruct ion, di fferent iated spl i t  class, monitor ing teacher , 
col laborat ive teaching, and complimentary team teaching. The 
fi rst four  styles are simi lar  in that  t hey each share or  divi de 
responsibi l i t ies for  teaching t he same mater ial  to t he same class 
dur ing the same t ime per iod. The last two, col laborat ive teaching 
and complimentary teaching, fol low a somewhat  di fferent  format . 
 I n col laborat ive teaching two teachers work together  
prepar ing for  the same lesson but  then del i ver  thei r  mater ial  to 
the students in a two-way discussion forum. A possible drawback 
of the col laborat ive teaching approach is that  i t  has the potent ial  
to confuse students i f two teachers present  di ffer ing viewpoints 
on a par t icular  subject . On the other  hand, exposing students to a 
var iet y of vi ewpoints may help them analyze informat ion and 
encourage them to make their  own informed decisions, rather  
than robot ical l y swal low opinions and thought  processes spoon-
fed them by a teacher or  from a text book.  
 I n complimentary team teaching, one teacher del ivers t he 
core mater ial  in his or  her  lecture class, and t hen t he mater ial  is 
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fol lowed-up by another  teacher in another  class, usual ly 
incorporat ing a di fferent  style of learning. One might  think of this 
teaching method as relay or  tag-team teaching. Of GoetzÕs six 
styles, complimentary team teaching provides t he format  most 
sui table for  br inging technology educat ion into the academic core 
cur r icula arena. 
 Complimentary team teaching can be an excit ing and 
frui t ful  styl e of teaching for  both the technology educat ion and 
core curr iculum teachers as wel l  as for  thei r  students. I t  is not  a 
teaching style that  results in confl i ct ing informat ion from two 
di fferent  teachers, but , rather , when careful ly orchest rated, 
provides a support i ve, reinforcing, and encouraging learning 
envi ronment  for  student s. I n complimentary team teaching, t he 
academic core and technology educat ion teacher work together  as 
equals. I n no sense does t he technology teacher become a 
teacherÕs aid to the core teacher. Rather , each teacher reinforces 
what  t he other  has taught . The core teacher provides the lecture, 
theory, and, together  with the technology teacher , designs t he 
student  assignments. The technology educat ion teacher provides 
the laboratory, ski l ls, and exper t ise to assist the students in 
bui lding working models for  exper iments and simulat ions that  
ver i fy the theoret ical  results ar r ived at  in t he core lecture class. 
Simply put , the core teacher explains that  2 + 2 = 4, and the 
technology educat ion teacher shows the student  how to 
successful ly demonst rate that  2 + 2 = 4. The teachers work as a 
team, moving toward t he same conclusion, much as an engineer, 
a technologist , and a technician do in an industr ial  envi ronment .  
 I n complimentary team teaching, the theoret ical  may be 
int roduced fi r st and t hen appl ied in t he laboratory; however , t he 
reverse can accompl ish t he same purpose. Another  approach is to 
fi rst present  t he students wi th the chal lenge of a l i fe-situat ion to 
solve, and t hen have them examine the t heoret ical  side of the 
exper ience in an academic core class such as math, science, or  
physics. I n this case t he lesson begins in t he technology educat ion 
class and is fol lowed up by lecture in t he academic core classroom. 
For some students, par t i cular ly hands-on learners, this approach 
may be preferable.  
 Complimentary team teaching al lows the teachers to 
appeal to many di fferent  learning styles. Students have more 
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than one chance to understand the mater ial . They learn about  a 
topic from two di fferent  teachers and in t he technology 
laboratory, are free to apply a var iety of learning styles as they 
work to complete the pract ical  assignments.  
 Regardless of whether  the t heoret ical  learning precedes 
the appl ied learning or  vi ce versa, the technology educat ion class 
provides a learning lab for  the academic core instruct ion. I n the 
lab student s learn ski l ls in the use of tools, design, construct ion, 
and problem solving. Students immediately apply the theor ies 
presented in t he core class to the related projects in the 
technology educat ion class.  
 The model of complimentary team teaching can involve a 
var iet y of subject  area combinat ions. I n one case where 
compl imentary team teaching has been pract iced, mathemat ical  
concepts were int roduced in a math class and then the math 
concepts were appl ied in a chemistry class (Goetz, 2000). 
Mulhol land descr ibed how a team of teachers Òdeveloped team-
teaching models that  would enhance learning environments by 
integrat ing reading-, wr i t ing-, and math-ski l ls developmentÓ  
(2005, p. 16). An unexpected team teaching arrangement  was 
used to combine lessons in English and woodshop. After  reading 
The Diary of Anne Frank in their  language ar ts class, t he 
student s drew bluepr ints and t hen bui l t  models of an Amsterdam 
houseÑ a project  which also l inked t he lesson wit h thei r  math 
standards (M ulhol land, 2005). I n his discussion about  the 
inclusion of engineer ing design as content  in secondary educat ion, 
Lewis wr i tes t hat  an Òopt ion might  be to adopt  a col laborat ive 
approach to design, where technology teachers team wit h 
mathemat ics and science teachers, and wit h pract icing engineers, 
in t he teaching of design. This strategy would al low both analyt ic 
and conceptual  aspects of design to be real izedÓ (2005, p. 50). 
 Not  al l  teachers may buy into this phi losophy of team 
teaching. Some faculty members may not  want  to make changes 
from their  rout ine. Some may recognize t hat  they have mastered 
a successful  method of teaching and find no advantage to al ter ing 
i t . They may prefer  to stick  wit h t he t r ied and t rue. Hel ler  (1967) 
offers a Ònote of warning:Ó ÒNot  al l  teachers can be, nor  want  to 
be, team teachers. They are successful  in t heir  own r ight , and 
they are not  convinced t hat  a change is best for  t hem. Perhaps 
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they are correct , and their  wishes should be respected. I f team 
teaching stresses individual izat ion, i t  is r idiculous to cont radict  
this emphasis by t ryi ng to force every teacher and student  into i ts 
moldÓ (p. 13).   
 Team teaching ini t ial l y requi res some ext ra planning 
t ime. However , for  those teachers who are interested in ini t iat ing 
team teaching in t heir  schools, there are ways to begin wit h a 
minimum of disrupt ion to establ ished school schedules or  exi sting 
lesson plans. For  example, a technology teacher might  pair  up 
informal ly with a mathemat ics teacher and, by designing 
act ivi t ies for  the technology lab t hat  connect  to the math teacherÕs 
lesson topics, provide students with relevant  appl icat ions of 
concepts covered in thei r  mathemat ics class. Once such a 
cooperat ive relat ionship between teachers is establ ished and 
flowing smoothly, other  teachers as wel l  as administrators may 
see that  compl imentary team teaching provides advantages both 
to students and teachers al ike.  
 

Usi n g Avi at i on  Concep ts 
 Many areas of technology educat ion can be successful ly 
integrated with academic core subjects to serve as t eam teaching 
arenas. Bui lding construct ion or  automot ive concepts would 
cer tainly serve wel l . So why use aviat ion?  One reason is t hat  
teaching wit h aviat ion concepts captures t he imaginat ions of 
chi ldren of al l  ages, and construct ing aviat ion projects magnifies 
their  interest and enthusiasm for  learning. Magnet  schools across 
the United States are exper iencing success and growth using an 
aviat ion t heme. I n 2005 the Federal Aviat ion Administrat ion 
conducted the seventh bi-annual Nat ional Aviat ion Magnet  
Schools Survey, which ident i fied 67 aviat ion magnet  school  
programs. Since 1985 the Magnet  Schools of Amer ica Associat ion 
has ident i fied 71 di fferent  magnet  themes, of which aviat ion and 
aerospace is one of t he fastest growing t hemes (Federal Aviat ion 
Administrat ion, 2005).  
 I n addit ion to sparking student  interest , avi at ion concepts 
serve as excel lent  sources of mater ial  for  master ing the object ives 
l isted by the Standards for  Technological L i teracy. Under ÒThe 
Nature of TechnologyÓ standard 2 states, ÒStudents wi l l  develop 
an understanding of the core concepts of technologyÓ 
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(I nternat ional  Technology Educat ion Associat ion, 2000, p. 32). 
Aviat ion is an excel lent  vehicle for  communicat ing t he core 
concepts of technology:  Dur ing the process of fl ight  the aviator  
and machine must work as one wit h the aviator  relyi ng on 
appropr iate and accurate feedback from the cont rols. I n fl ight , an 
airplaneÕs var ious systems must come together  and make t he 
necessary opt imizat ions and appropr iate t rade-offs to ful fi l l  t he 
requi rements of the physical laws that  enable the plane to 
overcome the force of gravi t y. 
 Technology standard 3 states, ÒStudents wi l l  develop an 
understanding of t he relat ionships among technologies and the 
connect ions between technology and other  fields of studyÓ (I TEA, 
2000, p. 44). Aviat ion provides a comprehensive and broad range 
of technologies that  br ing together  var ious educat ion discipl ines. 
The most obvious discipl ines related to aviat ion are math, 
science, and physics. However , safety in aviat ion depends upon 
the aviator  also being proficient  in speaking, reading, and wr i t ing 
ski l l s. An aviator  needs to be a good communicator .  He or  she 
must be a person of integr i t y who is dependable, ethical , and 
responsible. 
 

Team Teach i ng w i t h  M ath  an d Av i at i on  
 Unit ing a technology educat ion teacher  wi th an academic 
core mathemat ics teacher and using aviat ion as a t heme seems a 
logical place to star t  a compl imentary team teaching par tnership. 
Wit hout  math t here would be no aviat ion and no space 
technology. Correspondingly, wit hout  aviat ion science, t here are 
math concepts whose relevance might  not  yet  be recognized. 
Many concepts proven through the exper iments and empi r ical  
knowledge gained through the space program would sti l l  be 
merely theor ies in books had i t  not  been for  avi at ion science. 
Students can profi t  from investigat ing and understanding t his 
dynamic inter relat ionship.  
 Many technology educat ion teachers are famil iar  wi th the 
Wright  Brothers Design Chal lenge ki t  avai lable from KELVI N¨  
(Kelvin, 2005). Wi th t hese ki ts, students design and bui ld 
Styr ofoam ai rplanes out  of ordinary Styr ofoam food t rays and 
special t y par ts t hat  can be purchased from KELVIN¨ .  After  
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complet ing t heir  models, students then put  t he airplanes to the 
ul t imate test  of fl ight .    
 Out l ined below are some possible act ivi t ies and 
exper iments that  can be done wit h t he student -constructed 
Styr ofoam ai rplane as i t s fl ight  worthiness is t ested. These 
act ivi t ies explore and test both the mathemat ical  as wel l  as the 
physical concepts t hat  govern fl ight . The projects provide 
pract ical  appl icat ions for  the theoret ical  knowledge students have 
gained in thei r  math classes and confront  t he students wit h the 
real-wor ld technological  chal lenges of aviat ion.  
 One important  considerat ion when designing an ai rcraft  
for  fl ight  i s t he effect  of weight  and balance on the airplane. A 
student  can explore the consequences of di fferent  weight  loads 
placed in di fferent  locat ions wi thin the Styrofoam airplane by 
cut t ing a cabin area from the modelÕs fuselage and placing 
weight s at  di fferent  longit udinal locat ions. Whi le student s may 
ini t ial l y test thei r  craft s result ing fl ight  capabi l i t ies through t r ial  
and er ror , wi th the help of thei r  math teacher, t hey can 
investigate mathemat ical  methods for  determining opt imal  
weight  dist r ibut ions. 
 Even i f the weight  i s located proper ly in t he ai rplane, 
there is a maxi mum weight  that  an airplane can carry. I f the 
force of l i ft  does not  exceed the force of the gravi t y on the weight , 
the airplane wi l l  not  fly. Wing area and wing shapeÑ along with 
the speed of the wing t hrough the ai r , the angle of at tack of the 
air flow, and the density of the airÑ are the five factors t hat  affect  
l i ft . By making adjustments to thei r  airplanes wings, the students 
can demonstrate t he effect s of simple wing changes on thei r  
airplanesÕ fl ight . Students can learn about  t he mathemat ical  side 
of the coefficient  of l i ft  by accessing t he NASA website, 
www.grc.nasa.gov/WWW/K-12/ai rplane/short .html .  
  I n the process of testing t heir  ai rplanes, students might  
begin to wonder ÒDo I  have a motor  powerful  enough to pul l  t his 
weight  fast enough to fly?Ó  ÒI s my propel ler  big enough?Ó  ÒWhat  
wi l l  happen i f I  instal l  a bigger motor  or  a bigger propel ler  on the 
plane?Ó  By measur ing the diameter  of the propel ler  and 
determining t he speed of the motor  from the manufacturerÕs 
specificat ions, the students can compute mathemat ical ly just how 
fast the t ips of the propel ler  are t ravel ing.  They can explore 
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mathemat ical l y how changes in propel ler  and motor  size wi l l  
al ter  the spin and speed of the propel ler . 
 The third factor  of l i ft , the speed of the wing through the 
air , also spawns an important  question: ÒHow fast does my 
airplane fly?Ó  To explore the answer  to t his quest ion, students 
can use empir ical  measurements t aken in t he technology 
laboratory and apply them in the mathemat ical  formula for  
speed. The student  can record the ai rplaneÕs t ime in fl ight  and 
measure i ts distance flown and then, knowing distance and t ime, 
use t he mathemat ical  relat ionship between distance, rate and 
t ime to determine how fast his or  her  airplane is flying. Students 
can exper iment  wi th al terat ions in t heir  airplane models to see 
how speed is affected by changes in air craft  design.  
 Discussions of wing aspect  rat io can assist students in 
recognizing the meaning and the signifi cance of t he lessons on 
rat ios that  t hey study in math class. Airplanes wit h two di fferent  
wing designs, each having the same sur face area but  di ffer ing 
aspect  rat ios, requi re di fferent  air  speeds to maintain fl ight . The 
technology teacher can guide the students in exper iments t hat  
use two wing designs that  di ffer  in aspect  rat io but  t hat  maintain 
the same sur face area and cross sect ional shape. Using the 
methods for  determining ai rplane speed, the students can explore 
the minimum speed requirements t hat  airplanes with di fferent  
wing aspect  rat ios requi re to remain aloft  or  ai rborne. 
 Dur ing the course of these exper iments t here is a very 
real possibi l i ty that  some airplanes may crash and need repairs. 
A few crashes wi l l  provide concrete mot ivat ion for  st udents to get  
the numbers correct  in t he math class, or  i tÕs back to the Òdrawing 
boardÓ in the technology lab.  
 

Con cl usi ons an d I m p l i cat i ons 
 Lewis acknowledges that  when students compete in 
engineer ing contests to bui ld the longest or  strongest  br idge or  to 
construct  the highest tower Òoften the teaching episode ends when 
the winner is ident i fied, wi thout  students gaining understanding 
of the reasons behind t he success or  fai lure of their  at temptsÓ 
(2005, p. 50). I n industry, the structural  testing and result ing 
fai lure of products is cal led Òdestruct ive test ing,Ó meaning the 
product  is of no more use for  fur t her  testing other  t han analyzing 
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the point s of fai lure. However , the Styrofoam ai rplanesÕ tests 
descr ibed above and the air craftsÕ performances in the var ious 
suggested exper iments are in a sense Ònon-destruct iveÓ testing. 
Wit h cor rect  mathemat ical  computat ions, each test can be 
completed wit hout  dest royi ng a studentÕs model . The Ònon-
destruct iveÓ testing permit s a student  to exper iment  fur ther  and 
to cont inue to learn using the same self-const ructed learning 
plat form Ð the airplane. The empir ical  knowledge gained through 
the Styrofoam air craft  design act ivi t y can increase studentsÕ 
understanding of the relevance of mathemat ics, improve studentsÕ 
problem solving abi l i ty, and enhance t he studentsÕ learning 
envi ronment .  
 Standard 9 of the Standards for  Technological  L i teracy 
focuses on the understanding of engineer ing design. ÒOne of the 
final  steps in t he engineer ing design process is to bui ld or  
construct  the actual product  or  system in order  to determine i f i t  
worksÓ (I nternat ional  Technology Educat ion Associat ion, 2000, p. 
99). This is an equal ly important  final  step in t he learning process 
of high school students but  is one which is often disregarded or  
over-looked and omit ted in academic core classes. Successful  
pragmat ic out comes should complete and underscore the abstract  
theoret ical  facts t he students have mastered in their  academic 
core classes. Wit h a technology educat ion teacher t eam teaching 
with an academic core class teacher, the learning exper ience can 
include this final , al l -important , hands-on step t hat  completes t he 
study topic and br ings i t  to a logical  conclusion.  
 Aviat ion is a subject  which seems to appeal to gir ls and 
boys of al l  ages. One evening, whi le fl ipping t hrough televi sion 
channels, I  happened to stop on a program in which chi ldren were 
individual ly being asked the question, ÒWhat  do you think heaven 
wi l l  be l ike?Ó  Each was asked the quest ion pr ivately; each 
without  knowing how another  chi ld responded. One gir l  repl ied 
that  the flowers would never die and would always smel l  
wonderful . A boy imagined out  loud that  t here would be lots of 
animals and he would be able to r ide t he elephants and t igers. 
Another  boy was content  wit h just r iding horses al l  the t ime. 
Most had di fferent  answers; gi r ls responding wit h Òtypical gi r l  
answersÓ and boys givi ng Òtypical boy answersÓ Ð except  in one 
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area. Only one picture of heaven was imagined by several of the 
chi ldrenÑ boys and gir ls al i ke: ÒWeÕl l  be able to fl y al l  over .Ó 
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