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Guest Editorial:
Sharing our Work*

Julie A. Luft
Arizona State University

As science teachers and science educators, wedgoéto a unique group of
individuals. We strive to improve education by tatk critically about ideas related to
science education, making observations about teacttestudent learning, and collecting
data that we hope will shed light on the learnimgl éeaching process of teachers and
students. As we communicate with each other, wegestginnovations and confirm
existing practices. Communication occurs in différeenues and includes participating
in informal discussions, conferences, and meetingsyell as writing e-mails, posting
our findings on web pages, and publishing our wdtks last venue of communication--
the publishing of our work--is the focus of thistedal.

Academics and educators are often funded by pdloliars. We share our work
with each other in order to advance the field,dlsb because we have a responsibility to
do so. By communicating frequently, we can buildmuphe knowledge base in science
education, identifying and exploring ideas as they put forth. The sharing of our work
is an important component of our job, and in cartéélds we can obtain long-term
employment (tenure) that ensures the explorati@ghdgssemination of novel ideas.

One of the most common ways that we share our wsrkhrough our
publications. Many of us publish in notable joumalich as thdournal for Research in
Science Teacher Educatiothe International Journal of Science Educatjoor the
Journal of Science Teacher EducatioHowever, we may have also published in
electronic journals such as thélectronic Journal of Science Education
(http://ejse.southwestern.edwr Contemporary Issues in Technology and Teacher
Education (http://www.citejournal.org). While all of theseumals contain research in
science education, the last two are published releicilly and are designated as open-
access journals. Open-access electronic journalsda us with new opportunities in the
field that we have not experienced with traditiofaatprofit publications. Unfortunately,
our perceptions about electronic publishing somesinimit our participation in this
venue. In an effort to initiate a dialogue abow fiotential of open-access publications, |
would like to explore some “myths” about electroaia open-access publications.

Let me begin with the first Myth, which stems franar lack of understanding of
electronic publishing.

Myth 1 - Electronic journals have limited capahédg

Actually, electronic journals are unlimited in vilibey offer authors and readers.
John Cannon, founder and editor for ten yearsisfjtlurnal, has often reminded authors
that they can post pictures, video and complexhgeapon the electronic web-site. While
paper journals are well suited to tables, black ahdae pictures, simple graphics and
text, it is difficult, expensive and sometimes imapible to place multiple color pictures,
streaming video, or audio in a paper document.tRose of us in science education,
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seeing or hearing data enhances our understandlitige author’s point. For example,
instead of reading about a teaching event in Ind&,can watch streaming video and
audio of the teacher in order to understand her@il'S in the classroom. Transcripts
that show how we analyzed the collected data cdmnfolnstead of a textual description,
the reader can now access every aspect of theetemghractice and the method of
analysis. With such opportunities, our understagdihscience education can move to a
new level.

| especially enjoy the easy access to the electjonrnals that | read. After a few
strikes on the keyboard, | can summon a peer-readeavticle and all of the supporting
documentation to the screen in front of me. | ciawdl fa copy of an article that was
submitted just two months earlier, which meansviehnaccess to some of the most current
work available. But it doesn’t stop with just viewi the article. | can now download the
paper onto my palm pilot and read it at my leisi8&aying current in the field is no
longer tied to my ability to walk to the library damead or copy articles, which may have
been in queue for over a year and in review fortlaroyear. In this venue | get
information as soon as it can be reviewed and gdodtectronically. More importantly, |
don’t have to pay a fee to view an article if myréiry doesn’t subscribe to this journal.

While more for-profit publishers are providing &®nic articles with supporting
documentation, their articles are still publish@daoset cycle, conforming to some degree
to the guidelines for publishing in paper (e.gngih). Additionally, one often has to pay
(e.g., $10, $20, or $25) for access if one doesuabscribe to the journal or if the journal
is not in the holdings of the local library.

With most open-access electronic journals, adidan be posted or retrieved
quickly without cost. Such articles can be linkedatlditional resources, are not limited
by length, and can have various forms of informatattached. They can even be
modified easily for those with disabilities. This just a short list, as open-access
electronic publishing is limitless, not limited.

Myth 2 - Electronic journals lack rigor

What makes a journal rigorous is the quality diicks published and the process
by which articles are selected. A journal publisleéttronically can be just as rigorous
as a paper journal.

The American Educational Research Association (AERas a Special Interest
Group (SIG) for editors or those associated withokarly, peer-reviewed, open-access
electronic journals (http://aera-cr.asu.edu/ejolsfivadex.html). A quick look down the
list reveals some notable electronic, open-acceddigations. More importantly, the
number of journals is substantial (over 150) amtldasing yearly.

Perhaps these journals are not considered asoug@s paper journals when it
comes to promotion and tenure decisions or mdatations. But that is changing. While
| can’t speak for other universities, | do knowttkeectronic journals are considered for
promotion, tenure and merit in some departmenthatJniversity of Texas and in my
current department in Arizona State University. journals, likeEducational Policy
Analysis Archives(http://epaa.asu.edu/epaa/), which was edited bpeGGlass and
belongs to the above-mentioned AERA SIG, are adgtaequivalent to top paper
journals. Just as a point of referen&glucational Policy Analysis Archivagets over
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3,500 hits per weekday, which translates into 17,blis per week. Furthermore, one
article that is not even seven years old is ovailiondownloads! What for-profit paper
journals get looked at 3,500 times a day? Whatntefoe-profit journal article has been
looked at close to a million times?

Rigor is about the work and the process by which ieviewed, not the medium
in which the work is published.

Myth 3 - Electronic journals are difficult to maain

If you haven't talked about paper journals andgafit publishing with your
local librarian lately--you should. Your librariamill more than likely tell you about the
escalating cost of for-profit journals, the housiognstraints associated with paper
journals, and the number of for-profit, paper jalsnthat have been canceled over the
years. In education, our journals are not as expers those in sciences. However, our
journals are increasing in cost and can easilyritute to a strained library budget. For
example, theJournal of Science Teacher Educatieovas initially managed by the
Association for the Education of Teachers of Saefmow, Association for Science
Teacher Education). As an association owned joumndibrary would pay $45 for a
subscription. When the journal was moved to a foifip publisher, the journal price
increased over twelve years to a current libraty od $245 for four issues. This price is
what a library would pay for our journal--if theyawted to expand their holdings. Most
libraries, however, have contracts that allow theraelect a number of journals for a set
price over several years. The "bundling" practicepprts to lower the overall cost of
journals and give libraries more journals. Unfoetely, this does not always happen.

In 1988, nineteen years ago, The University ofaBepaid approximately $2.3
million for the journals in the library system. BD05, The University of Texas paid
approximately $7.3 million for the journals in tegstem. In the last fourteen years, The
University of Texas library has cancelled approxeha 7000 journals, and there is a
small cancellation project of 500 journals underwhky avoid the reduction of additional
journals for just this year, the library was givemecial one-time funding totaling $1.2
million (totaling $8.5 million for the year). Needlls to say, these funds may not be
available in upcoming years, which will result imldi#ional paper/publisher-based
journals being placed on the “UT periodical redoctplan.”

The expense of journals has forced universitiesuigport electronic publishing.
It's ultimately cheaper for a university to pay fmchnology support staff to oversee
electronic journals than to purchase more jourraészeral library and university-based
groups actually support electronic publication @navide paper options, and make these
options available to associations, organizatiomspenple wanting to start their own
journals. These groups include HighWire press (Hkighwire.stanford.edu/), The
Berkeley Electronic Press (http://www.bepress.cdljolanals.html), or even SPARC
(http://www.arl.org/sparc/). The attractivenesstioése no- or low-cost publishers has
resulted in significant increases in the journ&ksytproduce, thus reducing some of the
additional costs libraries have each year.

More importantly, electronic journals don’t requimuch space or maintenance.
Gene Glass published his journal from a computetherfloor of his office. In contrast,
most universities face a shortage of space withr theer-expanding collection of paper
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journals. One computer can easily hold all of therpals that would ordinarily fill the
floor of a library with compact shelving. When kad Gene Glass about the difficulty of
accessing and maintaining his journal, he indicatedt his computer was low
maintenance and that he could easily access atmeddrticles he had published over the
last 10 years. In addition, he can easily monherrnumber of visits to his journal and the
activity of article downloads. According to Genhkete have been no major computer
problems and no problems with computer hackersrAdl, as Gene said, “Who wants to
hack into a scholarly open-access journal on edugatpolicy?”

Electronic journals are not difficult to maintaifhey cost less, occupy less space
and give more people access to information.

Myth 4 - Electronic journals hurt organizations

Organizations become stronger with electronic shiohig. Instead of relying on
the profits of the journal, associations have tg upon the quality of their work and the
participation of their membership. Members, forrapée, join the organization because
of the visibility of the work and the benefits ofelbnging to the association.
Organizations that have turned from organized ghblis to open-access publications are
making money by increasing their membership. Addaily, these organizations are
increasing their international readership. Ultinhatbe association can cost less to join,
which makes it more affordable for new and inteoral members.

More importantly, it is clear that the internat&rommunity wants access to our
work in education. Unfortunately, the cost of oournals can be excessive to our
counterparts in developing countries. For instamtesome countries $200 could cover
the costs of materials in a laboratory as opposedjournal subscription. Gene Glass has
evidence that our international colleagues are reimgaccess our knowledge base. When
he made one change in his electronic journal--tegl asdownloadable pdf file format--
his international readership increased to 30%. ¥dery, over a 1,000 hits come from
international educators. | should add that the o#lwer journals that Gene “competes
with” —the main journals in his field —have approately 500 yearly subscriptions.

The international community wants to engage wghrueducational scholarship,
but we are not yet accessible to our colleagueshiar countries. You may have recently
heard about the memorandum written by memberseofatulty senate at Stanford. This
group passed a resolution stating that their libsashould support affordable journals
and acquire journals on a title by title basis. Thange would move the libraries away
from the practice of bundling, which can actualtysta library more over time. If the
Stanford action is a sign of the times, associatwith no-cost or low-cost journals will
be given preference when it comes to adding a siptisn to a library. As associations
turn to low-cost methods for publishing, their wovkl be more affordable for those with
limited budgets.

Expensive journals limit the dissemination of mmhation by faculty and staff
from associations and universities or colleges. oBisdions or universities/colleges
support faculty and staff so that they may contebio the knowledge base in teacher
education; when they publish in for-profit journalthey are only reaching those
institutions who can afford to purchase the jowsnal
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Myth 5 — The best way to share information is tigtopublisher based journals

Well not quite. Published journals are only act#esif libraries have them in
their holdings. Open-access electronic journalsaaalable to anyone who can access
the internet. More importantly, most publishersdhtile copyright on the contents of the
journal and the associated electronic forms, whmebans the publishers own the
copyright of the work that was produced by authvan® were funded with public dollars.
A typical publishing contract gives the publishetesand exclusive right to publish their
material throughout the world during the term oé ttopyright. Some publishers will
allow academics and researchers to post their wortheir own web-page, but there are
often restrictions on the posting of this work (efgrmat, length, duration). Most
publishers prefer authors not to post publishedkyas it takes away from the revenue
associated with article downloads. This is revetha goes primarily to the publisher,
with little or none going back to the author, umsigy, or association. Ultimately, if we
want to share our work, we have to ask for permms$rom the publisher or pay the
publisher to use our work. This is not difficuljtowhy do we have to ask to share our
work, or be told by the publisher that we can slmanework, when our work was funded
by public dollars with the intent of advancing thefession? When | give my copyright
away, the publisher owns my work, not the instdntor organization that supported my
work.

Ultimately, sharing our work requires that wedfiwenues that allow for the
greatest access to our work in the most affordataaner. By sharing our work broadly,
we will continue to impact science education.

As a tenured faculty member at a research uniyersiam convinced that we
need to share our work in ways that increase acaedsthat support the building of
knowledge in our profession. In the upcoming yearsre of my work will be found in
open-access journals, and | will be joining theadhl boards of open-access journals or
association-owned journals. Additionally, | willminue to work with my colleagues to
raise their awareness about electronic optiondoing this, my contributions to research
and service, which are supported by public fund#,have the greatest possible reach.
Finally, instead of giving the copyright of my wotk a publisher, which limits the
circulation of my work, 1 will ask that the copyhgof my work go to my institution or
back to myself, so that | can post my researcmiacessible location.

I hope that we will all consider how we share wark and the ways in which we
can enhance the circulation of our work to impaetchers, schools, and policy. After all,
we academics and educators have a responsibilisseminate our work.
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Perceptions of Head Agricultural Science Teachers
Regarding Problems and Challenges of Vocational Ageulture Delivery
in Secondary Schools in Delta State, Nigeria

Canice N. Ikeoji
Delta State University

Christian C. Agwubike
Delta State University

Joseph O. Disi
Delta State University

Abstract

The purpose of this study was to determine thegptians of head agricultural science
teachers regarding problems and challenges of oot agriculture delivery in
secondary schools in Delta State. The populatiimuded all agricultural science
teachers (n = 915) in Delta State from which a psiye sample of 370 agricultural
science teachers were drawn. A total of 290 (80&f)ies of a 47 item-questionnaire
distributed were correctly filled and used for tlegidy. Data were analysed with
frequencies, percentages, means and standard idesiat The result showed among
others that conducting regular continuous asses#iess was the most frequently used
technique of vocational agriculture delivery amayyicultural science teachers while
poor funding of vocational agriculture in secondachools and keeping abreast with
developments in the field of agriculture and comioation of such developments to
students were the most perceived problems andeciygs of vocational agriculture
delivery in secondary schools. The study recomradritiat these perceived problems
and challenges by head agricultural science teadeibuilt into short-period in-service
education and refresher programmes of serving &acdh agricultural science.

Correspondence should be addressed to Canice Niji ffEemail: cnamek@yahoo.com),
Christian C. Agwubike or Joseph O. Disi (Email: xdelforever@yahoo.com),
Department Of Vocational Education, Agricultural @edtion Unit Delta State
University, Abraka, Nigeria

Introduction

Teaching of agricultural science at the secondaiyosl requires a sound
background in theory and practical aspects byedhelters of agriculture. The new 6-3-3-
4 system requires that agriculture be taught as/@ecational subject at the primary and
junior secondary schools and as a vocational suljesenior secondary school level
(National Policy on Education, 2004). The 6-3-3-du@ational system in Nigeria
includes six years of primary education, three yedrjunior secondary (pre-vocational)
education, three years of senior secondary educatia varying tertiary education
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period of not less than four years. Although thistem of education has remained fairly
constant since it became government policy, thawe lbeen some slight modifications in
government commitment towards the provision of dasilucation to Nigerians. For
instance, the scope of the Universal Basic EducafidBE) programme has been
extended to nine years, which includes six yeangriofiary education and three years in
junior secondary school.

The delivery of vocational agriculture at the sersecondary level should not be

handled as a science per se but rather as a vwoabsiobject for acquisition of practical
agricultural skills for meaningful living (Obi, 26J.
Olaitan (1997) maintained that the basic goalwf Mational Policy on Education is to
make education both functional and utilitarian. dikg1999) reported that vocational
education is borne out of the need for the systenmtke its products useful to
themselves. The Federal Ministry of Education (d@sdcby Obi, 2005) stated that the
objectives of agricultural education at the sesgzondary should include;

1) to stimulate and sustain students interest in afjuie;
2) to enable students acquire useful knowledge andipagskills in agriculture;
3) to prepare students for further studies in agncettand
4) to prepare students for occupations in agriculture.
In addition to this Yoloye (1984) outlined the aivocational education in Nigeria as:

1) to provide people who can apply scientific knowledg the improvement and
solution of environmental problems for use and emmence of humanity;

2) to provide the technical knowledge and vocationélllss necessary for
agricultural, industrial, commercial and economgwvelopment; and

3) To provide young men and women with an intelligemderstanding of the
increasing complexity of technology.

Observation has shown that as laudable as thetogigf agricultural and vocational
education in Nigeria are it may be impossible thiee them due to poor delivery
process of the programme and inappropriate metlicelauating the performance of
students in vocational agriculture at the seni@mosdary school (lkeoji, 1997a, 1998).
Martin and Odubiya (1991) reported that the primasle of vocational agriculture
teachers has always been to help students tokeamledge and skills in agriculture.
Several researches have shown that many teachaggiofllture at the secondary
school leave the profession early in their life @y, Dyer and Washburn, 2005;Heat-
Camp and Camp, 1990,1994). Myers et al 2005; Cdnpyles and Skelton, 2002;
Mundt and Connors, 1999; and Veenman, (1984) harnducted studies on the problems
of beginning teachers of agriculture. These problevh beginning teachers include
classroom management and student discipline, hagnwork and personal life,
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Ikeoji, Agwubike,and Disi 8

managing stress, lack of preparation time at bagghaf school year, time management,
and motivating students. Others were dealing wittividual differences, assessing
students work, relationships with parents, orgamneof class work, inadequate teaching
materials and supplies, and dealing with problemmdividual students (Myers, et al

2005; Mundt and Connors, 1999; Nicholas and Mub@®6; Mundt, 1991; Heath-Camp

and Camp, 1990; Barrick and Doerfert, 1989; Veenrm8g4)

Several lapses associated with the organisatiorvoghtional agriculture in
secondary schools in Nigeria have also been idedtifThe curriculum objectives have
been found to be too broad; there is the inabditythe policy to state general aim of
vocational education (Olaitan, 1992; Egbule, 199&i, 2005). Other lapses include
inability to identify areas where practical skillme to be developed (Obi, 2005),
unspecified evaluation system (Egbule, 1998, lkel$98); cases of duplicated topics
and poor programme delivery system (Egbule, 1988)k of instructional aids and
materials for vocational agriculture delivery; lack means and ability to provide
recommended guest lecture visits and excursions, (Z®5, Olaitan, 1997). Egbule
(1998) noted that the teaching and learning amw/ibf vocational agriculture at the
secondary schools are grossly insufficient to elibe desired level of initiative and
creativity in students. It noted that the recomneehdhstructional strategies is full of
“showing”, ‘telling’ and ‘observing’ with a few cas of ‘doing’ and ‘practice’ thus
contradicting the recommended ‘learning by doingd &guided discovery’ instructional
strategies (National Policy on Education, 2004)sé&3aexist of poor performance of
candidates who enrolled in agricultural sciencengrations (Mamman, 2000). Studies
have also shown that graduates of vocational dguwreuin senior secondary schools in
Nigeria have often not been able to take up pdd gt the completion of their secondary
education thus defeating the goal of vocationabsabf secondary agriculture (Olaitan,
1997; Okorie, 2000; Obi, 2005; and lkeoji and Agikeh 2006).

Theoretical Framework

The theoretical framework for this study is hingedthe model for the study of
classroom teaching as developed by Mitzel (Dunkin nd a
Biddle, 1974; Osborne and Hamzah, 1989; Smith, l&istwilliams, Edmiston and
Baker, 2004). The model according to Dunkin andd&d1974) contain four classes of
variables namely presage, context, process andugrodhriables. The presage may
include his personality, preparation, general attarestics, background, competencies
and inadequacies, teacher-education experiencesth(Set al 2004) and teacher
properties (Mitzel, 1969). The context variableglrads the student characteristics and
the classroom environment (Mitzel, 1969). Proceasables show the interaction or
interrelationship  between the teacher and the stude(Dunkin and
Biddle, 1974). Smith et al, (2004) reported thataaltivities within the classrooms are
considered process variables. The product variaskeshose associated with the effects
of instruction (Mitzel, 1969; Dunkin and Biddle, 14). Mitzel’s model recognises the
presage variables as fundamental in understandasgroom problems and challenges
using the experience of the teacher. The experiefiche classroom teacher tends to
affect the classroom environment (context), inteoac between the teacher and the
students (process), and the effects of the instnu¢product) (see figure 1)
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PRESAGE ——» PROCESS—F——» PRODUCT
Instructor l2eiours Learning
Stigites
Classromteractions
CONTEXT
Student
School/Community
Classroom

Fig: 1 An illustration of the Mitzel's model for éhstudy of classroom teaching.
after Dunkin and Biddle (1974)

This study revolves around the presage variablabeoMitzel’s model. A study
of the problems and challenges of vocational adtioe delivery will improve the
efficiency of the teacher and in turn improve studeachievement. It is believed that an
articulation and identification of problems and l&rages of vocational agriculture
delivery in secondary schools by head agricultacince teachers with their wealth of
experience will help in repositioning the vocatibagriculture curriculum for pre-service
and in-service vocational education teachers’ pedpsy programme planning and
implementation. Head agricultural science teachsrgsed in this study refers to the most
senior agricultural science teachers in each ofs#mndary schools studied. Seniority
here is based on years of teaching experience.yEeaondary school in Delta State
secondary school system recognizes one most erpedeagricultural science teacher as
the head agricultural science teacher for a pdati@econdary school.

Literature reviewed so far studied problems of bemig agricultural education
teachers abroad. No study of this kind has beeduwxad in Delta State especially that
addressing the problems and challenges of vocatagmnaculture delivery as perceived by
head agricultural science teachers.

Purpose and Research Questions

The purpose of this study was to determine thegmians of head agricultural
science teachers regarding problems and challefgexational agriculture delivery in
secondary schools in Delta State. The followingaesh questions were developed to
guide the study:

1. What were the demographic characteristics ofl reggicultural science teachers
in secondary schools in Delta State?

2. What techniques of teaching were adopted by timwa agricultural science
teachers in secondary schools in Delta State?

3. What were the problems and challenges of vocati@agriculture delivery in
secondary schools in Delta State as perceived éyh#dad agricultural science
teachers?

Electronic Journal of Science Education ejselswestern.edu
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Methods and Procedures

This study was conducted across all the secondaigoss in Delta State, Nigeria.
The research design chosen was a survey. The stallded all agricultural science
teachers from the 370 public secondary schoolkanState where agricultural science is
taught (N = 915). The sample included purposivelgaed 370 heads of departments of
agricultural science, one from each school. Thetraesior agricultural science teacher
in each school was taken as head agricultural seitgacher.

A 47 item self-administered questionnaire was pieghand used to collect data
from the respondents. The five point Likert-typalsdnstrument sought information on
the demographic characteristics of the teachess,t¢aching techniques adopted and
perceived problems and challenges of vocationalcalgmre delivery in secondary
schools. After a pilot test, the instrument wasiatfd to the present form in which it was
used to collect data for the study. Expert panewdr from Vocational Education
Department, Agricultural Education Unit, Delta $tatniversity, assessed the instrument
for content validity. Sections B and C items bé tinstrument registered reliability
(Cronbach’s Alpha) coefficients of 0.78 and 0.9%pextively.

Questionnaire copies were distributed through esttool’s principal from the
Ministry of Education in the process of submittitngir monthly returns. The principals
were asked to administer the questionnaire on ttesad agricultural science teacher who
should return it through him the next month. A redar was sent back to the head
teachers at the end of the first month to remirndge¢hwho had not returned the completed
copies. After the second reminder, a total of 29pies were correctly filled and
returned. This gave a return rate of 80%. The cpiere collated and analysed using
frequencies, percentages, means and standardidesiat

Results and Findings

A total of 202 (69.66%) secondary school agriqalfiscience teachers in Delta
state sampled were teaching in the rural areasewhd remaining 88 (30.34%) of them
were found in urban schools (see Table 1). No md@at was in the age range of 20 —
30, while 25(8.62%) were in the age range of 3D-Majority of the head teachers, 189
(65.17%) were in the range of 41 — 50 years; whil€26.21%) were 50 years and above.
There were more female head agricultural scienaehtes (175, representing 60.34%),
while 115 (39.66%) were males. No head teachertéaching experience of 1 — 5 years,
while 26 (8.97%) had experience of 6 — 10 yearsightly-seven (30.00%) head
agricultural science teachers had between 11-15syemching experience, while 72
(24.82%) had experience of between 16 to 20 yedifty-eight (20.0%) were in the
teaching experience range of 21-25 years with #m@aming 47 (16.21%) having
teaching experience of 25 years and above.
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Table 1. Demographic Characteristics of Head Adtial Science Teachers (N =
290).

Characteristics Number Percentage
Location
Urban 88 30.34
Rural 202 69.66
Age
20-30 years - -
31-40 years 25 8.62
41-50 years 189 65.17
Above 50 years 76 26.21
Mean age 46.75
Gender
Male 115 39.66
Female 175 60.34
Teaching Experience
1 -5years - -
6-10 years 87 30.00
11-15 years 72 24.82
16-20 years 58 20.00
Above 25 years a7 16.21
Mean teaching experience 17.37

As indicated in Table 2, conducting regular contimsl assessment/test was
perceived as most effective technique of vocati@miculture delivery adopted by the
teachers in secondary schools (*M = 4.93, **SD 28). This is closely followed by the
use of lecture approach (M = 4.86; SD = 0.35). Uibe of subject matter approach (M =
4.08; SD = 1.18) and use of discussion approack @MD8; SD = 0.80) were all accepted
as techniques adopted for vocational agriculturévely in secondary schools in the
state. The other fifteen items on Table 2 were geed by the head teachers as not
effective vocational agriculture delivery techniquadopted in Delta State secondary
schools. They include learning-by-doing approadh=1.10; SD =0.30), use of guest
lecturers to cover technical areas (M =1.31; SD .46)) use of community-based-
materials for teaching (M = 1.33; SD = 0.47), makstudents spend ample time with
professional persons as a way of mentoring thens (M38; SD = 0.49); using problem
solving approach (M =1.48; SD = 1.10); arrangingtgito commercial farms (M = 1.84;
SD = 0.94), using case studies approach for tegdqiih= 2.08; SD = 0.94), use of local
extension officers to teach special subject matteras (M =2.19; SD 1.13), use of
supervised/occupational experience approach (M %6;3D =1.13); using life
experiences as examples (M =3.28; SD = 1.36), tiskemonstration (M = 3.37; SD =
1.31), and organisation of agricultural shows axfulations (M = 3.42, SD = 1.04).

Note:*M=mean; **SD=standard deviation
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Table 2. Perception of Head Agricultural Sciencadreers on Effective Techniques of
Vocational Agriculture Delivery Adopted in Second&chools in Delta State

(N = 290).

Techniques M SD
1. Conducting regular continuous 4.93 0.25

assessment/tests
2. Use of lecture approach 4.86 0.35
3.  Subject mater approach 4.38 1.18
4. Use of discussion approach .084 0.80
5. Organisation of agricultural shows and exhibitions 3.42 1.04
6. Use of demonstration 3.37 1.31
7. Using life experiences as examples 3.28 1.36
8. Use of supervised agricultural/occupational

experience approach 3.16 1.13
9. Use of local extension officers to teach

special subject matter areas 2.19 1.13
10. Using case studies approach to teaching 2.08 0.94
11. Arranging visits to commercial farms 1.84 0.94
12. Using group work approach 1.64 01.1
13. Using inquiry approach 1.48 0.82
14. Using problem-solving approach 141 0.81
15. Making students spend ample time with

professional persons as a way of mentoring them 1.38 0.49
16. Use of community based materials fro teaching. 1.33 0.47
17. Use of guest lecturers to cover technical areas 1.31 0.46
18. Use of guided-discovery approach 71.1 0.53
19. Learning-by-doing approach 1.10 0.30

Note: 5=Strongly Agree, 4=Agree, 3=Uncertain, 2=gi®e, 1=Strongly Disagree

Table 3, revealed that the respondents perceivent famding of vocational
agriculture in secondary schools (M =4.93,SD = pabthe most challenging problem of
vocational agriculture delivery in secondary scBoolhe second most accepted problem
and challenge was keeping abreast with developmiantse field of agriculture and
communication of such developments to students @69; SD = 0.50). Others include
contending for adequate time in the school timéetéldl = 4.56; SD =0.77), conducting
evaluation of teaching and learning outcomes utiteipresent system (large number of
students in classroom) (M = 4.44; SD = 1.09) pressm teachers and students to excel
in what is tested and not what is functionally velet (M = 4.26; SD = 1.26),
administration of vocational agriculture by non @pésts (M = 4.14; SD = 0.35);
utilization of alternative resources and improvimatof teaching materials (M = 4.10;
SD= 1.35) and others (see Table 3). The mean @mdlard deviation ranged between
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(1.41 to 4.93) and (0.25 to 1.97) respectively.e Témast challenging problem identified
was lack of basic knowledge of the syllabus (M411.SD = 0.81)

Table 3: Problems and Challenges of Vocational égture Delivery in Secondary
Schools as Perceived by Head Agricultural Sciereachers (N=290)

Perceived problems and challenges M SD
1. Poor funding of vocational agriculture

in secondary schools 4.93 0.25
2. Keeping abreast with development in the

field of agriculture and communication of

Such developments to students 4.69 0.50
3. Contending for adequate time in the school

time table 4.58 0.77
4. Conducting evaluation of teaching and

learning outcomes under the present system

(large number of students in a classroom) 4.44 091
5. Pressure on teachers and students to excel

in what is tested and not what is functionallyewent 4.26 1.26
6. Administration of vocational agriculture by non

specialists 414 0.35
7. Utilization of alternative resources and

improvisation of teaching materials in teaching

vocational agriculture 4.10 1.35
8. Lack of basic teaching and learning aids (Farm

tools, land, and other laboratory equipment) 94.0 1.50
9. Lack of interest on the part of the students 4.04 1.46
10. Lack of required material and resources

for vocational agriculture delivery 3.98 1.49
11. Understanding the purpose and objective

of teaching vocational agriculture in secondary

schools. 3.93 0.97
12. Examination and certification of candidates based

on 90% external testing and 10% practical

examination. 3.76 1.68
13. Harmonization of the aims of prevocational

practical agriculture at the junior secondary

level with that of senior secondary level 3.73 940
14. Inability of the curriculum to transmit employable

skills to students 3.71 1.63
15. Overlap of syllabus content in agriculture

and other science subjects. 3.58 1.31
16. Combining teaching vocational agriculture

with other administrative jobs 3.51 1.64
17. Effectiveness in teaching practically

usable skills. 3.46 1.55
18. Ambiguity of purpose and objectives of vocational
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agriculture in secondary schools 3.39 1.97
19. Piecing together competencies involved in

teaching the right attitudes and values 3.04 301
20. Ability to identify areas in which practical

skills should develop 2.97 1.61
21. Poor sequencing of topics in the syllabus 2.96 611
22. Keeping abreast with latest scientific

knowledge available 2.31 1.58
23. Combining teaching vocational agriculture with

personal engagements 2.24 1.33
24. Lack of basic knowledge of the syllabus 1.41 10.8

Note: 5=Strongly Agree, 4=Agree, 3=Uncertain, 2=i®e, 1=Strongly Disagree
Discussion of Findings

Results presented above have shown that 69.668%e okspondents teach in rural
secondary schools signifying that majority of tee@dary schools were located in the
rural areas of the state. Also noticeable is #ut that the average teaching experience of
the head teachers was 17.37 years. The explanaiahis may be that to become
heads of agricultural science department in thairows schools required that the teacher
should have had many years of experience in tlohiteg of agriculture.

Conducting regular continuous assessment/testparagived by majority of the
respondents as the effective technique of vocdtiagaculture delivery adopted by
teachers of agriculture in the secondary schodiss finding is consistent with those of
Gordon (1998) who reported that vocational teactatgude towards assessment were
viewed as positive, suggesting that vocational atio teachers rely on the information
generated by tests to provide them with the basigriproving instruction. Also Scharfer
and Lissitz (1987) concluded that although teaclneay be ill trained to use accepted
measurement practices, they see assessment apanainh part of their professional role
and have a positive attitude towards it. Howevkle high level of agreement may
necessarily not be that it was the best techniqu®aational agriculture delivery, but it
may be as a result of the State’s policy on edagathat teachers should regularly
conduct assessment/tests on instructions givenuiests to ascertain their level of
progress. The Delta State Ministry of Education daseffective and well co-ordinated
mechanism for ensuring that primary and secondahpds perform regular tests at
specified periods in a term, and these tests amerded as part of the students’ final
performance. Over time this practice has becomé @laall primary and secondary
school teachers including agricultural scienceheex

The use of lecture approach was also identifiedrasffective technique used by
agricultural science teachers in Delta State. Tamls to corroborate the findings of
Osborne (1989) and Egbule (1998). Osborne (198%rred that although generally
accepted components of problem solving in teaclarg being used by agricultural
science teachers, lecture-discussion is also aftel by teachers to present problems
solutions or answers to students. Furthermore, EgLO98) also reported that the
instructional strategies adopted in vocational agrire are full of ‘showing’, ‘telling’
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and ‘observing’. ‘Learning-by-doing’ approach aunse of guided discovery approach
were hardly used by teachers of agriculture in séaogy schools in the State. This
however, runs counter to the use of ‘learningoid, and ‘guided discovery’ approach

recommended by the National Policy on Educatior®420 An explanation to this trend

may not be unconnected to the findings of Ikeod &gwubike (2006) who reported that

one of the major problems facing new agricultu@ésce teachers in Delta State was
that of coping with large agricultural science slages.

The problems and challenges identified in thiglgtwere those associated with
head agricultural science teachers in secondaryotehn Delta state. Poor funding of
vocational agriculture in secondary schools, kegmbreast with development in the
field of agriculture and communication of such depenents to students, administration
of vocational agriculture by non specialists; ii#piof the curriculum to transmit
employable skills to students; lack of required enat and resources for vocational
agriculture delivery; lack of interest on the paftstudents; pressure on teachers and
students to excel in what is tested and not whdtinstionally relevant among others
were the major perceived problems and challengesacdtional agriculture delivery in
secondary schools identified in this study. Profdeand challenges identified here are
not consistent with those of beginning agricultteachers documented (Mundt and
Connors, 1999; Myers, et al, 2005; Camp, et al22@id Veenman, 1984). The findings
also contrast with those documented in that thasaret recognized as problems and
challenges such as combining teaching vocationadwdture with personal engagements
in this study was the major problem of beginningcteers of agriculture as shown in
literature (Myers, et al, 2005; Mundt and Connd&99). This sharp contrast may not be
unconnected with the use of head agricultural sgidéeachers in the identification of the
problems and challenges of vocational agricultuedivdry. Experience of the head
agricultural science teachers as observed in thdyysseems to have conditioned them to
the teaching job and reduced problem areas fronmn geeception. However, the most
perceived problems of poor funding of vocationali@adture and keeping abreast with
development in the field of agriculture are wortbfynote. Delta State runs about 370
public secondary schools majority of which areha tural areas. Much of the funds are
provided by government, since primary and seconeéducation in Nigeria are tuition
free. Public resistance has tended to restrainrgavent from increasing school fees to
be able to fund the schools better. Also the na@dtion of most schools compel teachers
to live in rural areas which lack basic amenitig® llibraries, electricity and internet
facilities. Teachers therefore find it difficult fceep abreast with developments in the
field of agriculture.

Implications and conclusions

The perceptions of head agricultural science wacthave implications for
organization of refresher programmes for servingchers of agriculture. These
perceived problems and challenges could be usel\telop programmes for seminars
and workshops for teachers and administratorsarfighd of agricultural education. This
will help to improve on the performance of teacharagriculture. Another implication is
that the findings will aid in re-designing insemrieducational curricula of teacher
education institutions in the State.

Based on the results of this research, it is herecommended that:

Electronic Journal of Science Education ejselswestern.edu



Ikeoji, Agwubike,and Disi 16

1.The State Post-Primary Education Board (SPEBulghdesign programmes that
will equip the State’s teachers of agriculturehia tise of the instructional strategies
(i.e. learning-by-doing approach and the guidedcalisry approach) as
recommended in the National Policy on Educatio®@&0

2.Regular seminars and workshops/symposia need etoofganised to keep
agricultural science teachers informed of latestettpments in the field of
agriculture and how best to communicate them tdesits.

3.The perceived problems and challenges shouldubbeitto short-period in-service
education programmes of serving teachers in aguiailscience.

The effect of these identified problems and chaienof head agricultural science on job
performance is beyond the coverage of this stu@n the basis of this, it is further
recommended that a study be conducted in thattairec

References

Barrick, K.R., and Doerfert, D.L. (1989). Assegsperformance and planning in-service
needs of first — year vocational agriculture teashd’roceedings of the National
Agricultural Education Research Meetint},10-14.

Camp, W.G., Broyles, T., and Skelton, N.S. (200&)national study of the supply and
demand of teachers of agricultural education in 92®901. Blacksburg, V.A:
Virginia Polytechnic Institute and State University

Dunkin, M.J. and Biddle, B.J. (1974).he study of teachingNew York: Holt, Reinhart
and Winston, Inc.

Egbule, P.E. (1998). Fine-tuning the pre-vocatioedlication programme delivery in
Nigerian secondary schooNigerian Journal of Curriculum and Instructiof(1),
86-91.

Gordon H.R.D (1998). Vocational education teachgwsrception of their use of
assessment method®urnal of Vocational and Technical Educatib®(1) 1 - 14

Heath-Camp, B., and Camp, W.G. (1990). Inductiopeeiences and needs of beginning
vocational teachers without teacher education ackgl. Occupational
Educational Forum19(1) 6 - 16

Heath-Camp, B., and Camp, W.G. (1994). Assistareegled and received by beginning
vocational teacherslournal of Vocational Education Research/(1), 35-52.

Ikeoji, C.N. (1997a). Improving the senior secandeertificate practical agricultural

science test format: a basis for effective curdoulimplementation. Nigerian
Vocational Journal)X, 5-10.

Electronic Journal of Science Education ejsetsoestern.edu



Perceptions of Head Agricultural Science Teachers 17

Ikeoji, C.N. (1997b). Making senior secondary school agriculture trulycabonal: A
paper presented at the international conference apacial issues on
Nigerian/African education, University of Nigeriastkka 15-18 April.

Ikeoji, C.N. (1998). Developing relevant psychmdguctive devices for evaluating
vocational skills.Nigerian Journal of Curriculum and Instructioi(1), 81-85.

Ikeoji, C.N. (1999). Ultilizing agricultural in Negian secondary schools and colleges.
Journal of Vocational and Adult Educatioh(2), 165-172.

Ikeoji, C.N. and Agwubike, C. C. (2006). Approasltfer effective vocationalization of
secondary school agriculture in Nigeria: The viefisgricultural science teachers
in Delta state, Nigeria.Journal of Agricultural Education and Extensiob2(3),
213-222.

Ikeoji, C. N., and Agwubike, C. 006) Problems facing new agricultural science
teachers in Delta StatEuropeanJournal of Scientific Researd8(2) 229 - 237

Mamman, M.G. (2000). Teacher education and teaeffilecctiveness. Journal of
Teachers and Teaching(2), 25-29.

Martin, R.A., and Odubiya, A.O. (1991). Percepsiasf IOWA vocational agriculture

teachers regarding methods used in agriculturatagdchn. Journal of Agricultural
Education 25(2), 13-17

Mitzel, H.E. (Ed). (1969). Encyclopaedia of Educational ResearcNew York: The
Free Press.

Mundt, J.P. (1991). The induction year: a natsitial study of beginning secondary
teachers of agriculture in Idahdournal of Agricultural Education32(1), 18-23.

Mundt, J.P., and Connors, J.J. (1999). Problents dmallenges associated with first
years of teaching agriculture: a framework for peevice and in-service education.
Journal of Agricultural Education40(1), 38-48.

Myer, B.E., Dyer, J.E., and Washburn, S.G. (2005Problems facing beginning
agriculture teachersJournal of agricultural Educatior46(3), 47-55.

National Policy on Education (2004). Lagos: NERPk@ss.

Electronic Journal of Science Education ejselswestern.edu



Ikeoji, Agwubike,and Disi 18

Nicholas, L.S., and Mundt, J.P. (1996). Survivinngt year of teaching: perceptions of
critical competencies from four educational pergpes. Journal of Family and
Consumer Sciences Educatidd(2), 23-39.

Obi, C.I. (2005). A critique of vocational agritwial education in Nigeria senior
secondary schoolslournal of Home Economics Resear6(R), 57-61.

Okorie, J.U. (2000)Developing Nigeria workforceCalabar: Page Environs Publishers.

Olaitan, S.0. (1992). Review of technical and viorel education in Nigerian schools.
National School Curriculum Review Conference Prdomgs Kaduna; 2%-6™
September 1991. Macmillan Nigeria Publishers 128Q-258.

Olaitan, S.0. (1997).Prevocational and vocational education in Nigeriaacondary
schools: A paper presented at the International Conferemc€rucial Issues on
Nigerian/African Education, University of Nigerislsukka 15-18 April.

Osborne, E.W. and Hamzab, R. (1989). Use of probs®lving teaching among
secondary agriculture teachers in lllinoournal of Agricultural Education(fall),
29-36.

Scharfer W.D and Lissitz R.W (1987) Measuremenitng for school personnel:
Recommendations and realifppurnal of Teacher Educati®8(3) 57 — 63

Smith, J.H., Kistler, M., Wiliams, K., Edmiston, W and Baker, M. (2004).
Relationships between selected demographic chastite and the quality of life
of adolescents in a rural West Texas: communityournal of Agricultural
Education45(4), 71-81.

Veenman, S. (1984). Perceived problems of beginteachers.Review of Educational
Research54(2), 143-178.

Yoloye, E.A. (1984). Contemporary issues in impdemmg the national policy on
educational. Journal of NERA, 41(1).

Electronic Journal of Science Education ejsetsoestern.edu



Electronic Journal of Science Education Vol. 1, R (2007)

Creating Constructivist Physics for Introductory University Classes

Jennifer Wilhelm
Texas Tech University

Beth Thacker
Texas Tech University

Ronald Wilhelm
Texas Tech University

Abstract

We describe the setting and effectiveness of a tawmiwist, project-enhanced
environment in an Introductory Physics course. cBdConcept Inventory measurements
show that students made significant gains in thederstandings of mechanics concepts.
Student interviews revealed that group project wasgisted in students’ assimilation of
course material.
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Rationale

Research shows that students who are taught phlygitsaditional methods fail to
learn essential physics concepts (Bowen, 1998; Mk€a& Elby, 2004; McDermott,
Shaffer, & Somer, 1994; Mullins, 1998; Sadler, 1994ost of this research has been
done in university level, calculus-based physicarses. Our approach combines the
demonstrated success achieved by research-tesedulus-based physics with
modifications made to adapt to algebra-based psysicriculum appropriate for use
within high school classrooms (Wells, Hestenes, Wathammer, 1995) and within
university physics classes for non-physical sciem@agors. This modified curriculum
replaces the traditional textbook-lecture-lab formwth a hands-on, project-based
laboratory learning environment. The curriculumswaesigned and developed by
making use of the research on how people learmsei@Bransford, Brown, & Cocking,
1999; Travis & Lord, 2004; Donovan & Bransford, 200We created a constructivist-
based approach within our university Introductohy$ics sections to test if this method
made physics concepts visible and meaningful tdestts.

The purpose for these research-based modificatigtién our Introductory Physics
classes was three-fold. Firstly, we wanted to nfeseimilar success within our algebra-
based physics courses (for non-physical sciencersjajo those calculus-based physics
courses cited in the literature. Secondly, we wdsho field test and refine this
curriculum with university students prior to itsagtment within a high school physics
environment. And thirdly, the sections of Introthug Physics that were taught with this
modified curriculum contained a large percentageretservice teachers. Therefore, we
wanted these pre-service teachers to have a fastl lopportunity to experience and

© 2007 Electronic Journal of Science Education {Beastern University)
Retrieved from http://ejse.southwestern.edu



Wilhelm, Thacker, and Wilhelm 20

hopefully find value in this non-traditional fornf teaching so they might implement it
within their future classrooms.

Constructivist Physics

To better understand our constructivist framewonsle utilize Hoovers’ (1996)
definition of constructivist learning. L&éarning is active rather than passive...if what
learners encounter is inconsistent with their catrenderstanding, their understanding
can change to accommodate new experience...they appignt understandings, note
relevant elements in new learning experiences, guttge consistency of ...emerging
knowledge, and based on that judgment, they canfynatbwledgé (p. 1). Confrey and
Kazak (2006) unpack “the grand theory” of consirisin in mathematics and science.
According to Confrey and Kazak, constructivism camtcates on how “actions,
observations, patterns, and informal experiencesbeatransformed into stronger and
more predictive explanatory ideas through encosntewith challenging
tasks...constructivism recognizes the value of offeems of securing mathematical
certainty, such as the coordination of represematithe identification of patterns, the
recognition of similar ideas in apparently dissamilsettings (connections), the
development and refinement of conjectures, andafy@ications of the ideas to other
fields” (Confrey and Kazak as cited in Confrey avidloney, 2006, p. 7). This idea of
constructivism is very much in line with inquiryaleing where students actively engage
in an instructional sequence of purposeful eventshsas problem sensing, problem
formation, search, and resolution (Siegel, Borasd Fonzi, 1998, Dewey, 1933).

Classroom environments that incorporate constrisctivand inquiry into their daily
organization can allow students the chance toKtkientifically’ (Polman, 2000) and to
carry out investigations in a focused, collabomt@nd meaningful manner. According to
the National Science Education Standards or NSHEBZ(NL996), K-12 students “should
have the opportunity to use scientific inquiry atelelop the ability to think and act in
ways associated with inquiry, including asking dises, planning and conducting
investigations, using appropriate...techniques tdaeatlata, thinking critically...about
relationships between evidence and explanationsstaating and analyzing alternative
explanations, and communicating scientific argusier(p. 105). Although NSES
describes the types of events that K-12 studentsildhexperience, we believe that
similar opportunities should be afforded to uniugrstudents.

Harwood (2004) developed a model for inquiry withe tfollowing essential
components: (1) asking general questions; (2) ohefia problem; (3) forming a question;
(4) investigating the known; (5) articulating anpegtation; (6) carrying out a plan; (7)
examining results; (8) reflecting on findings; @mmunicating with others; and (10)
making observations. Similar models have been deoted in the literature (Llewlleyn,
2002; Borasi & Siegal, 1994). This model is notqua to only science, but is applicable
to all disciplines.

Studies have shown that physics students taughttreitlitional methods fail to do as
well as those students taught with constructiviisuiry approaches, or what Hake
(2000) defines as interactive engagement methods.

Interactive Engagement (IE) Methodse those designed at least in part to promote
conceptual understanding through interactive engagé of students in heads-on
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(always) and hands-on (usually) activities thatldyiemmediate feedback through
discussion with peers and/or instructors.

Traditional (T) Methodsare those methods relying primarily on passiveettid
lectures, recipe labs, and algorithmic-problem exaifraditional courses as those
reported by instructors make little or no use ofiigthods.

Crouch and Mazur (2001) found that both Calculuseldeand Algebra-based Harvard
University Introductory Physics courses taught digto interactive peer instruction
showed significant gains in students’ conceptualeustanding on the Force Concept
Inventory (FCI) test (Hestenes, Wells, and Swackham 1992a; 1992b). The average
normalized gains of a traditionally taught Physasurse is 0.23, and the average
normalized gains of an Interactive Engagement tagghrse is 0.48 according to the
Hake (1998 study) of six-thousand student survdyiesi data for introductory physics
courses.

Figure 1 displays a graph comparing gains in thedf@d Mechanics Diagnostic Test
(Halloun and Hestenes, 1985) versus pre-test sdordsoth T (filled symbols) and IE
(open symbols) methods (Hake, 1998). The graphuded scores obtained from high
school, college, and university physics studentka®/, IE students have greater
normalized gains than their T counterparts ateaiéls of introductory physics.

Figure 1
Gain versus Pre-test Scores (Hake, 1998, p. 65)
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For the past year, we have engaged in improvingctrestructivist inquiry model
within our Introductory Physics classes. Althouglhthree authors in previous years
implemented pieces of inquiry within their courses,focused effort on inquiry in
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Introductory Physics emerged due to combined fatistns stemming from low
achievement by students with non-physical scienaprs. We believe that in order for
students to understand and be able to apply pHysiceepts, they need to engage in
constructivist physics learning by becomifujl participants during their investigations
(Lave and Wenger, 1991).

Novak, Patterson, Gavrin, and Christian (1999) diesd a Just-in-Time Teaching
method of teaching introductory physics blendechwvéttive learning. This type of IE
method featured professors adapting their lecttwestudent learning difficulties on
solving problems exhibited in electronic responseshis method also included
collaborative recitations and students using atir@homework system. Novak et al.’s
IE method contained a significant lecture compoream is designed to address large
numbers of students in a lecture hall. Mazur (19@8russed how an IE method of
teaching can include a lecture demonstration thadd "into a question whose answer
forces students to think about what they haveqgbserved. Working the other way...ask
students about a particular question and use amkgnation to answer it” (p. 27).

Both of these above examples are considered t& beethods using the Hake definition;
however, they are very different when compareduiolB method since our students are
doing much more than problem reflecting and probéetaing.

“Perhaps the most serious difficulty among intrddug students is the failure of many to
integrate related concepts. The lack of a coheimmework may pass undetected
because mathematical manipulation often sufficeshfe solution of standard problems.
To be able to apply a concept in a variety of cestestudents must be able to not only
define the concept but also to recognize its relegdo a given physical situation. They
are unlikely to develop this facility, however, as$ they themselves have gone through
the steps necessary to construct the concept” (Muabe, 1998, p. 2).

Through the constructivist, project-based approadh students experienced the steps of
guestion formulation and conjecture, experimentsigh, examination of results, and
explanation of the physical phenomenon. In addjtiinal project work required our
students to apply multiple physics concepts in e of contexts. We follow with a
description of our research study and will map msults onto the Hake (1998) plot
shown in figure 1.

Participants

For this paper, we will focus on two physics classaught by the first and third
authors having enrollments of 24 and 14, respdygtividhese 38 students (16 males and
22 females) had the following majors: 31.6% liféeeace, 21.1% education, 15.7% pre-
medicine or pre-pharmacy, 15.7% architecture, @8% other, such as history, theater
arts, Spanish, and undeclared. The student bodgisted of 84.2% White, 7.9%
African-American, and 7.9% other, and 36.8 % of sihedents were from the Honors
College. There were a total of five freshmen, efegsophomores, eighteen juniors, and
four seniors.

Procedures
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Our Introductory Physics sections were offeredoas-tredit hour classes but unlike
the traditional sections that had three hours dfuke and two hours of laboratory, our
sections were completely laboratory-based withviddialized group “lectures.” Within
these two physics sections, students (working opecative learning groups of four and
five) learned by performing guided hands-on, minds-computer-based laboratory
experiments. Using the constructivist method ofringion, students did not follow the
regular textbook/lecture/lab format, but instead:

a) Made predictions that required them to examinerthe2conceptions about

the phenomenon being studied.

b) Reflected on their observations and refined therceptions.

C) Developed conjectures and generalizations basethein observations, and
then designed their own experiments that would ioontheir conjectures
(Confrey and Kazak).

d) Performed experiments intended to verify prediciamd applied their new
understandings of the phenomenon to the solutioottodr related problems
(Confrey and Kazak).

e) Worked on a final motion project of their choosiriepr the final project,
students videotaped various motions and analyzesl riotion using
VideoPoint (Lenox, 2002) software.

All laboratory activities within the Physics cousseequired students to keep journals
and encouraged them to document their thinkingge®es in a narrative format. All
groups were not necessarily working on the sameiipcgexperiment at the same
time. Differentiated instruction was achieved byihg students work in cooperative
groups while the instructor circulated, facilitatgebup work, and provided “just-in-
time” group lectures. Students could perform thequiry experiments in multiple
ways and had learning opportunities through assgsieir own conjectures, by
teaching their peers, and with individualized instor attention when needed.

Research Focus and Methods

Our research study focused on an examination othehehysics concepts were made
visible and meaningful to students using our camsivist technique of instruction. In
addition, we detail our IE, constructivist approdblough illustration of curricular units
and group project work.  Although other studies orépthat reform-oriented,
constructivist methods of teaching physics are ti@ag few describe in depth exactly
how the curriculum and instruction were enactedlmwcase students’ voices regarding
what they learned. In this paper, we compare ousituctivist Physics FCI test results
with the Hake (1998 study) of six-thousand studenmteys of test data for introductory
physics courses and provide detailed informatiogamging how we created our
constructivist physics environment enhanced withlfstudent projects.

This study is of a mixed method research desigedi@ell, 2003). Data collections
included students’ final projects and presentatign® and post Force Concept
Inventories (FCI), and end of course interviewsroligh triangulation of the data
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(Caracelli & Greene, 1997; Denzin & Lincoln, 1998ye analyzed students’

understandings and knowledge constructions of physincepts and applications.

The FCI, a multiple-choice diagnostic test, was aligped by Arizona State
University physicists Ibrahim Halloun and David ke®es “to measure students’
conceptual understanding of force and motion, ®phhat constitute 70-100 percent of
the content of the first semester of virtually gvamndergraduate physics course”
(Wyckoff, 2001, p. 311). The six Newtonian concefgsted in the inventory are (a)
kinematics, (b) First Law, (c) Second Law, (d) Thlraw, (e) Superposition Principle,
and (f) kinds of forces (Hestenes, Wells, & Swackbg 1992b).
Along with the FCI data, eight student volunteemrsavinterviewed by the first author.
The interview protocol was open ended where stsdemste simply asked to reflect on
their experiences in this physics course and coeplaem with their other science
learning opportunities. The open ended protos® adquested that students comment on
their final projects. We follow with examples oktphysics units and students’ classroom
work and final projects.

Examples of Physics Units

Throughout all curricular units, students usedrtipeevious knowledge and current
observations to construct models for each areavastigation, giving them a context
through which new understanding emerged. They deeel scientific and
mathematical procedures driven by observations Wwhieated authentic scientific
and mathematical real world connections. They ipted and considered a range of
various physical situations (see syllabus with scapd sequence in the appendix).
After carrying out their experiments to test thpredictions and examining their
resultant graphical representations, students wadske to discover functional
relationships and equations that described theteven

Figure 2
Position versus Time and Velocity versus Time mb&scart’s motion moving up and down
an inclined track.
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One of the first units enacted using this consivistt curriculum involved motion.
Students learned multiple ways to explain one dsiwral motion using words,
graphs, and mathematical modeling. Students desdlap intuitive understanding of
position, velocity, and acceleration recognizingvigraphs could be used to describe
changes in position, velocity, and acceleratiorafobject. For example, Figure 2
displays plots that students created of positiasugtime and velocity versus time of
a cart moving down an inclined track, hitting a penat the end of the track, moving
back up the inclined track, and repeating the meseveral times losing energy after
each bumper collision. Students became aware Heafposition versus time plot
appeared to show a quadratic relationship betweenpbr collisions and began to
interpret and to connect kinematic functional nelaghips with the physical cart’s
motion.

A following unit involved forces applied in one demsion. Students devised a
method of applying a constant force to an objeetated a scale for measuring force,
and discovered a relationship between force andlexation based on observations
of an object’s motion. For example, Figure 3 shaiugdent-generated plots (using
force and motion sensors) of force versus acceberaforce versus time, and
acceleration versus time of a cart’s motion loadéti a 500 gram mass along a flat
track. Students observed the similarities betwelka force versus time and
acceleration versus time plots. Students also vadbie to discover the linear
relationship between force and acceleration whesy tplotted the force versus
acceleration, and that the physical meaning ofstope was the mass of the loaded
cart.

Figure 3

Force versus Acceleration, Force versus Time, atwkkeration versus Time plots of a cart’s
motion loaded with a 500 gram mass along a flatkra
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As with the above examples, all other units in thericulum involved similar
student-centered explorations which used an inigeaconstructivist format.

Inquiry Motion Projects

Students’ final projects were used as a form ohewtic assessment as well as a
means of connecting much of what they had learhesughout the term (Wilhelm
and Walters, 2006). For their final project, studeformed research questions and
videotaped a variety of motions that would asgisnt in answering their generated
gueries. In order to analyze these motions, stgdatilized VideoPoint software
which allows the user to extract motion informatifoom digital movies. Using this
software package permits one to obtain positioormétion from objects on a frame-
by-frame basis. VideoPoint has tools to analyze rémulting data expressed as
columns of numbers (position, velocity, accelemgtibme) or as graphs. Student
projects included analysis of bouncing balls, prbie motion of objects with and
without parachutes, of a person moving down a ptaygd slide, the motion of the
computer created ‘Mario’ from the Nintendo softwayame, the balls’ motion in
Newton’s Cradle (five balls hanging side by sidependulum arrangement), and a
golf swing. Two examples of the students’ motioajgcts follow:

Bouncing Balls Project
A group of four students chose to videotape, examamd compare the physical and
mathematical motion of a softball and tennis badittwere dropped simultaneously and

bounced several times on the floor. Figure 4 dispthis group’s graphed representations
of each ball’s position versus time and velocitysus time. Students explored each ball's
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location relative to the floor throughout its vatgcversus time graph and noticed how
quickly the softball dampened out when contrastedthte tennis ball. They also
investigated and explained the physical and matheahaneaning of slope (acceleration)
in the velocity versus time plot as well as theifpos or negative values of velocity
which indicated the ball’s direction.

Figure 4
A. Graphed Representations of Position versus Tamine Bouncing Balls, B.
Graphed Representations of Velocity versus TiméhBouncing Balls.
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Golf Swing Project

Another group of five students was interested i pthysics of sports. In particular,
one group member recalled seeing a type of softaaedlable to golfers designed to
improve their golf swing. The group decided to ¥sgeoPoint software to analyze the
motion of a group member’s swing (see Figure 5).
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Figure 5
Movie Clips of Student’s Golf Swing

golfwing MOW = = golfswing. MOY =i = golfwing MOW =

Edit ﬁ?flt Fayorites  Window L_'lelp Edit Movie Favorites Window Help ‘Edit Mﬁ?ﬁt Fayorites  Window L_'lelp

The golfing group focused their research on eneamservation. They examined the
potential and kinetic energy of the golf club’s deroughout the entire golf swing
motion. They explainedthat as the club moves upward the potential en@nggeases
and the kinetic energy decreases...As the club names, the kinetic energy increases
as the potential energy decreasesThey also presented graphical representations of
potential energy versus time and kinetic energguw®itime of the golf club head shown
in Figure 6.

Figure 6
Top graph — Potential Energy vs. Time of Golf GHdad.
Bottom graph — Kinetic Energy vs. Time of Golf CHdnd.
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These two examples illustrate how students considuand applied their newfound
understandings to real life situations. Other stigeojects investigated accelerations in
the microworld of a Mario computer game; periogicimomentum conservation, and
energy transfer in Newton’s Cradle; the coefficieftfriction between a person and a
slide, and the effect of air drag on projectil&udents conducted inquiry throughout this
project work as they defined a problem to inveséigecarried out a plan, made
observations, collected data, examined findingd,Gommunicated with others their final
results. This entire act of constructivist inquwgas student-centered and the tools they
used were student-contextualized. To complete fireject work, students had to draw
on all their experiences in order to fully interptieeir observations. This is the essence
of what real scientists do and this is the essehoer newly designed physics course.

Results

In order to assess the effectiveness of implemegritirs constructivist model within
our physics courses, we administered pre and goksagsessments to the 38 students. In
addition to this measurement, we also interviewgghtestudents concerning their
thoughts and views about the course in generaltlagid group project work. Students
volunteered for all interviews.

Our two Physics classes were given the pre-FCF poianstruction and the post-FCI
was given during the students’ scheduled final eration. The mean pre-test score was
28.6 % correct with a standard deviation of 14.518d the mean post-test score was 57.7
% correct with a standard deviation of 18.2 %. pe@ed measures analysis of variance
(ANOVA) revealed a highly significant increase inderstanding of FCI concepts upon
completion of the Physics course, F(1,37) = 126.¢65 .001. The partial* was .774,
which indicates that approximately 77.4 % of thenga FCI understanding can be
directly attributed to the constructivist Physicairse.

Figure 7 shows the percent correct on pre and pOsttests per student. Students

made significant gains on 20 of the 30 multiple ichaest items. The overall test
average gain factor [(gain by student)/(possibie)yavas 0.41, which when plotted with
their mean pre-test score of 28.6 % and mapped thietdHake (1998) plot shown in
figure 1, places our classroom data well withia bhteractive Engagement group range.
Of the ten test items that did not show significgaiins, 70% included questions
concerning circular motion and centripetal force.
Along with the FCI data, eight student volunteemrsavinterviewed by the first author.
The open ended interview protocol asked studentsftect on their experiences in this
physics course and compare them with their othienee learning opportunities. The
protocol also requested that students comment em fimal projects. Representative
interviewees’ statements follow.
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Figure 7
Percent Correct on Pre and Post FCI per each studen
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Student Reflections on Physics Course

“This one made us actually think about what we’'aend. Some gcience coursgsare
telling us that this is how it is and then takenfata and put in the numbers, but this one
you actually saw why the formula makes sense” (Midevel Mathematics/Science Pre-
service Teacher).

“It was a lot different because in high school st lectured and pretty much just put
the formulas up on the board and told us whenug ghiem in and stuff. It was just a lot
different, {n this class wglike actually doing the experiments and come ugh \the
formulas on our own. It was a lot more hands on...Ndd to figure it out more for
ourselves more in this class instead of just bemgigen it” (Middle Level
Mathematics/Science Pre-service Teacher).

Representative Student Project Comments

One student expressed her interest in the courdeirants project component, she
explained, “I was more interested. This way | thougpout it more. It was really cool to
put everything we learned all semester into oujeatolt like put problems that we had
been doing...into real life situations. It pulled extbing that we did all semester into one
real life problem” (Zoology Student and PlaygrolRmdject Member).
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Below is an excerpt from the transcription of adstut’'s final project comments that
involved the analysis of Newton’s Cradle (see Feg8) with a focus on momentum
conservation and energy transfer.

“Ok, Newton’s Cradles. | was really fascinated wtilat one. | was always fascinated by
the fact that energy is never just lost, but itistjbeing transferred from one ball to the
other even though the other three (in the middie)reot moving. It's still transferring,
which made me think of the other day. | asked migwwhat can we do to cars to keep
them from crushing?’ If in Newton’s Cradles, onalkhits another and transfers the
energy and knocks the other one off, if we coultlgume sort of like, ah, something to
soak up that energy on the bumpers of the car, Wwould that affect it? If one car hit
another one, is there any natural resource thahawe that soaks up energy and just
keeps it stored? | was trying to figure out whatidomake it safer.”

This student’s research project caused him to woatleut possible life applications
linked to his new knowing and understanding of pptgls concepts like energy
conservation, momentum conservation, and energysfea He speculated how one
might make a futuristic car that would use the lafvyphysics to create safer automobiles.

Figure 8
Movie Clips of Newton’s Cradle
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Seven of the eight students interviewed clearlyresged their favored preference to the
constructivist teaching approach. However, one esttidesponded, “Personally, | like
hands on, but | do better at having a lecture hiestause | learn by writing it down. | like
having notes. | know how boring that sounds, bat'shhow | learn better by writing, so,

it is easier for me that way.” This particular stad was a middle level
mathematics/science pre-service teacher who madeerage normalized gain score of
.17 (less than half of the class average normaligéa score). The interviewer asked this
student how she planned to teach her own futurden@dtics and science classes. She
stated that she would incorporate a mixture of iygand straight lecture.
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The interview results exposed the students’ voregarding this course and their project
work. Students stated that this physics class rttegta “actually think” and “actually do
experiments and come up with formulas on their dwand “put problems into real life
situations.” Both interview and project data ithaged how students applied their physics
coursework to “real life situations,” and even aalisome “fascination” as they pondered
such things as energy transfer.

Conclusion

This paper showed through students’ project wonkerview responses, and FCI
results how using a constructivist inquiry methddeaching physics created relevance
and meaningful learning for many students. The esitsl participated in a classroom
environment that provided a series of challengasis, the chance at posing conjectures,
occasions for refining and/or altering prior undanslings, and opportunities to apply
their newfound understandings into novel situatish as their project work)—all of
which made the physical and mathematical conceapisle, connected, and useful. The
Bouncing Balls group connected physics and mathemas they conducted their project
work and investigated the mathematical and physiening of slope (acceleration) in a
velocity versus time graph as well as the positvenegative values of velocity which
indicated the ball's direction. The Newton’s Cedjroup found the ideas of energy
conservation and energy transfer useful, and omabeeimagined how he might design
a safer vehicle. Other students voiced how phytsiaght in the constructivist manner
meant they “had to figure it out more for ourselVésome up with the formulas on our
own,” and “you actuallgawwhy the formula makes sense.”

Force Concept Inventory results revealed our stisdsehieving a higher normalized gain
score than those students taught in a traditiormader (when comparing our normalized
gain score of 0.41 with Hake’s, 1998, average nbm@@d gain score of 0.23 for
traditional groups). In addition, we found that awerage gain factor of 0.41 versus our
mean pre-test score of 28.6% (when mapped ontéighee 1 plot) fell well within the
Interactive Engagement group range. Other FCllteesbhowed our students had greatest
difficulty on topics of circular motion, which weillvneed to further address in future
courses.

This research is much more than a small verificesiudy of Hake’s large analysis of the
six-thousand student surveys of test data that eoedjpresults of Interactive Engagement
versus Traditional classrooms. What makes our ystudique and educationally
beneficial is that we provided descriptive informnatabout our introductory university
physics class that was designed with constructigis project-based ideals. This
information can assist educators in their own desif their constructivist science
classrooms. Along the lines of Confrey and Kazagrand theory” of constructivism in
mathematics and science, we reported our studanti&ins, experiences, inquiry tasks,
and final project work. Students’ final projectsntained Harwood’s essential inquiry
components of formulating a question, carrying aytlan, examining results, reflecting
on findings, and communicating with others. Assgribed by McDermott (1998), our
students made connections among concepts and dh&odd as they worked through
the steps of inquiry and participated in our cangtvist, project-enhanced environment.
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Our future goal is to implement a similar classroexperience within high school
physics environments with this modified, construsti project-enhanced approach.
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Appendix

Introductory Physics |

Course Description

Algebra and trigonometry based treatment of theslafvmotion, energy, momentum,
circular motion, gravitation, waves, and sound.diiré hours.

The Nature of the Course:The course will be completely laboratory-based.w(it
NOT be divided into Lecture and Laboratory.) Contevitl be learned through
experimentation and projects. The focus is on tstdeding the experiments and on
learning to develop models of physical phenomensedaon experimental evidence.
Answers to laboratory questions will be documentgthin a journal along with a
recording of all thinking processeslhere will also be readings, exercises, homework,
and a final project.

Outcomes

The student will have:
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1. Knowledge of basic processes, concepts and praxipf the laws of motion,
energy, momentum, circular motion, gravitation, esvand sound;

2. Understanding of the concepts and laboratory tegles found in general
physics;

3. Knowledge of metric measures;
4. Proficiency in organization and use of laborataguipment;

5. Proficiency in process skills, including identifgnand controlling variables,
interpreting data, formulating conjectures and higpses, and experimenting.

Course Objectives:
Upon completion of this course, the student wilkibée to:

1. State the fundamental physical laws of motion, gmemomentum, circular
motion, gravitation, waves, and sound;

2. Use algebra in solving problems in the fields nwmed in the objective above;

3. Use the concept of a vector along with basic trggoetry to solve a wide range
of problems;

4. Utilize basic problem solving processes, includiobservation, inference,
measurement, prediction, use of numbers, clasgifgimd use of space and time
relationships;

5. Use computers to perform laboratory experimentsaanadlyze and graph data;
6. correctly use measuring devices and other equipmgntuced in the lab;

7. Work effectively in cooperative group situations.
Methods of Accessing the Expected Learning Outcomes

Quizzes, two midterms, journal and homework assegms) pre-tests, post-tests, surveys,
a final project, and one final exam which will assgour level of understanding of basic
concepts, facts, discussed topics and reading mateiGraded journal entries and
homework assignments will be used to assess uadédiag of individual topics covered

in daily discussions and pre- and post-tests vellubed to assess gains in understanding
over the extent of the course.

Pre-tests, post-tests and survey#\ general pre-test and a survey will be given at th
beginning of the semester and some sections vt stith pre-tests. In addition, a
general post-test and survey will be given at tiek @& the semester.

Homework: Homework will be assigned each week. Each homewssignment will
include written work recording all thinking processwith each problem.
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Journals: All lab topics will be written in course journals.

Project: One project on motion analysis will be studied anelsented in detail by each
cooperative group.

Quizzes: There will be quizzes on content and process caoveéreclass, homework,
readings and exercises up to that point.

Exams: There will betwo midterm exams and a final exam on content amtgss
covered in class, homework, readings and exeragés that point

Week of class Topics

1 Vectors and One-Dimensional Motion Graphing
2 One-Dimensional Forces and Motion

3 Gravitational Force and Two-Dimensional Motion
4 Newton’s Third Law, Force Diagrams and Forces
5 Applications of Newton’s Laws

6 Statics and Torque

7 Circular Motion

8 Work

9 Energy

10 Momentum

11 More Momentum

12 Waves

13 Sound Waves and Simple Harmonic Motion
14 Rotational Kinematics and Dynamics

15 Final Physics Project Presentations
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Abstract

For the last five years we have used a semi-strettunterview, which we refer to as the
Teacher Beliefs Interview, to explore the beliefdeginning secondary science teachers
who were involved in different induction progran@ur initial questions focused on
teacher epistemologies and probed the beliefs ginbang and experienced teachers,
while our process of interviewing utilized methoolsmmon in qualitative research. In
reviewing and refining our interview process, wesaleped maps that allowed us to
describe and define various beliefs held by preiser beginning/induction, and
experienced science teachers. Our current Teaoklef® Interview is based upon the
analysis of semi-structured interviews with overO 1re-service, induction, and in-
service science teachers. Ultimately, these mapg hallowed us to track the
development of science teachers, while providimgliiack regarding the effectiveness of
our pre-service and induction programs.

Correspondence should be addressellilie Luft, Science Education, PO Box 870911,
Tempe, AZ 85287, USA, Email: Julie.Luft@asu.edu

Introduction

Over the years, educational researchers have explarvariety of constructs
pertaining to teachers in order to help improve $icture and impact of teacher
education programs. Areas of study include teagiractices, teacher attitudes, and
teacher knowledge. Another area of focus--and ubgest of the present article--is that of
teacher beliefs. Early researchers consideredfbdbebe the information a teacher held
about a person, a group of people, a behavior oevamt (Fishbein & Ajzen, 1975).
Within the last 15 years, understanding and desgrilbeacher beliefs has become a
priority for educational researchers. These pelsaranstructs can provide an
understanding of a teacher’s practice: they caudeginstructional decisions, influence
classroom management, and serve as a lens of tantirg) for classroom events (e.g.
Jones & Carter, 2007; Pajares, 1992; Richardso®6)1R substantial body of research
has been generated in this domain (see Jones &rC2007; Richardson, 1996).

In science education, research on beliefs has leleed to the use of inquiry,
national reforms, or constructivist practice in ttlassroom (e.g., Hashweh, 1996; Tsai,
2002; Wallace & Kang, 2004; Yerrick, Parke, & Nugeh997). Wallace and Kang's
(2004) study of six experienced teachers, for exeaympvealed how the beliefs teachers
held influenced the degree of implementation ouiingand laboratories in their science
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classrooms. Hashweh’s (1996) study of 35 scieneehtss found that constructivist
beliefs corresponded with constructivist behavioferrick, Parke, and Nugent (1997)
concluded that science teachers needed to exphore@amine their underlying beliefs
about teaching and learning inquiry in order toiragate an accurate representation of
this reform into their conceptual framework. Foresce educators, understanding the
beliefs of teachers is essential and importantather education programs are going to
support the on-going development of science teadeys & Bryan, 2001).

In our exploration of teacher beliefs, we haveditie understand how beliefs are
modified as a teacher progresses from his or heiservice program through the later
years in a teaching career. Our initial interestis area was guided by our observation
that many of our pre-service teachers held bebefsducive to reform-based practices,
yet during their first years in the classroom fesform-based practices or beliefs were
evident. This was compounded by our experiencaafepsional development programs
for experienced teachers, which revealed that thesehers held and formed reform-
based beliefs as they learned new methods of cigiruand assessment. We hoped that
by understanding the change in beliefs of a teacler could design programs for
teachers that would support their development tdgvaronstructivist or reform-based
ideologies. In this process, we began documenhegotliefs of teachers and developed
the Teacher Beliefs Interview (TBI), which helped understand how teachers were
impacted by their teacher education experiencess Phper reports the process of
developing the TBI and our current use of the TBthweginning secondary science
teachers, along with the results of our initialds¢s.

Related Literature
Descriptions of Beliefs in Educational Research

Educational researchers have described beliefs iffereht ways. Some
researchers lump beliefs and attitudes together gawel little attention to the unique
attributes of each (e.g., Garmon, 2004). Otheramebers interchange terms such as
theories and philosophies with beliefs, acknowledgithat these are personal
constructions (e.g., Simmons et al.,, 1999). Stileo researchers equate beliefs and
knowledge, as both guide actions and inform anviddal's decision making process
(e.g., Kagan, 1990). In some instances, the assomsptunderlying the varied
terminology are detailed, and in other instancemeths little discussion. Given the
disparity, those who study beliefs need to clearljculate the nature of the beliefs that
are being examined.

Those who have written about beliefs acknowledhgér tuniqgue composition and
cognitive affiliation (e.g., Fang, 1996; FishbeinAzen, 1975; Jones & Carter, 2007,
Nespor, 1987; Pajares, 1992; Richardson, 1996; &bkel986). For these researchers,
beliefs are clearly personal constructions, emtitiegat belong to an individual. Yet
additional descriptions reveal varied notions didfg. For instance, Fishbein and Ajzen
(1975) suggest that

“a belief links an object to some attribute...theembjof a belief may be a person,

a group of people, an institution, a behavior, écgpan event, etc. and the
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associated attribute may be an object, trail ptgpequality, characteristic,
outcome or event (p. 12).”

Nespor (1987), on the other hand, describes beadefspisodic, highly personalized, and
containing affective and evaluative components.cBpgons similar to those offered by

Nespor (1987), which are characterizations aboligfsgare more widely acknowledged

by educational researchers.

The discrete and multidimensional nature of bslisfless problematic to those
who study beliefs. Schommer (1993), like other aedeers, has found that individuals
can hold beliefs that are independent of one anathé have a varied impact on actions
or cognitive processes. This means that individeals hold beliefs that are in conflict
with one another, that have different representatiand that are both generalizable and
context specific. This variability is often assde@with the core and peripheral nature of
beliefs (Brownlee, Boulton-Lewis, & Purdie, 2002pkeach, 1986), and affects one’s
cognitive schema in different ways. Core beliefe aften more connected within a
system and are more coherent with one another.ewdgkipheral beliefs are not as
extensively connected to other beliefs in the systsnd may be in conflict with one
another. Moreover, beliefs that are more central arore connected can be more
resistant to change (Kagan, 1992). Adding to thig position of a belief and its
construction may result in the belief acting asil@rf As a result, more compatible
experiences or information may be processed withibelief set, while incompatible
experiences may be held to the periphery, filteoedejected (Nespor, 1987).

Capturing Teacher Beliefs

Beliefs are critical when it comes to understandinteacher’s practice. Ernest
(1989), for example, found that two mathematicsheas with similar knowledge taught
in different ways. He suggested from his study #ratinderstanding of beliefs was more
useful in predicting teachers’ classroom decisidiaig (1996), in a review of research
on beliefs and practices, synthesized the researdhe relationship between beliefs and
practice and suggested that beliefs tend to affebfviors. He also noted that factors
outside of the classroom and teacher can also impactice. Fang’s findings are
consistent with other educational researchers, whapoerally agree that beliefs are
connected to actions in the classroom (e.g., Guysk8§6; Hashweh, 1996; Kang &
Wallace, 2004). However, these and other authalisate that pressing issues pertaining
to beliefs and practice still exist, such as theurgaof the interaction between beliefs and
practices. Some researchers consider beliefs aufiges to be interactive, while others
conclude that beliefs must change before practe@@s change. In either case, it is
important to understand the teaching beliefs othiees, in light of the compelling
evidence that beliefs influence practice.

Researchers often explore the beliefs teachers &bldifferent times in their
careers. Richardson (1996), in her review artict®ncluded that professional
development opportunities for experienced teachezse likely to have the greatest
impact on beliefs. Such opportunities can influeagperienced teachers to expand and
modify their existing beliefs. Richardson also doded that pre-service experiences
were ultimately too short in duration to have aasting impact on beliefs. Luft (2001), in
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a study of experienced and beginning teachers dfthiat beginning teachers were more
likely to change their beliefs when learning abmafuiry but less likely to change their
practices, while experienced teachers were lesdylito change their beliefs and more
likely to change their practices. The degree theiefs of new teachers were able to
change was attributed to the formidable natureéheflieliefs. The experienced teachers,
on the other hand, had beliefs about teachingwleaé established and consistent with
the goals of the professional development progranich in turn influenced their
decision to even participate in the program. Cledhe beliefs of teachers are subject to
varying degrees of change throughout one’s cafide¥se changes are indicative of the
types of beliefs examined and the central or perg@inature of the beliefs.

More recently, educational researchers have focosedpistemological beliefs.
These beliefs concern teachers’ views about neaduacke the acquisition of knowledge
(e.g., Bendixen, Dunkle, & Schraw, 1994; Hofer &ntch, 1997). Such beliefs are
intertwined with teachers’ beliefs about learningderstanding, or student knowledge; as
how a teacher conceptualizes knowledge impacts tiegiching beliefs (Brownlee,
Boulton-Lewis, & Purdie, 2002). In order to captanmed describe these types of beliefs,
the research process must allow teachers to desanith elaborate on their beliefs about
knowledge and teaching. Interviews, ranking tasiks] constructed response formats
have been used to capture teachers’ epistemoldaptiafs; these methods allow teachers
to thoroughly discuss the conceptualization ofrtheliefs (Ambrose, Clement, Philipp,
& Chauvat, 2004; Munby, 1982).

Methods
Background

In order to understand, or elicit the beliefs oddeers, it is important to make
beliefs “visible.” Fang (1996) and Munby (1982) edtthe shortcomings of written self-
report responses that may reflect what should Ine dather than what is actually done in
practice. Pajares (1992) and Richardson (1996¢dtd#iat multiple forms of data were
needed in order to understand teacher beliefguaith collecting this type of data can be
difficult for even the most seasoned researchee Jdmi-structured interview poses an
alternative to written responses and multiple dsdarces. This format allows the
researcher to access the thinking of a teachert@u@termine aspects of the teacher’s
thinking that cannot be captured through obseraatio other modes of data collection
(Patton, 1980).

In our research, the qualitative methodology oémiewing was used to develop
the TBI. Semi-structured interview questions weeedito elicit the beliefs of each
teacher, allowing the interviewer to probe the tids of the teacher in order to
understand his or her beliefs. Berg (1998) andoR&tt990) guided the development of
our identified interview questions. Once the intews were collected, they were
inductively analyzed in order to understand howtaierperspectives were manifested
within the teacher. Patton (1990) refers to thiarasrientational methodology.
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Process

After reviewing the research on beliefs and comsglivith experts who study
teacher beliefs, we developed eight questions Her TiBI. The initial questions were
drawn from Richardson and Simmons (1994) as welbasown protocol (Roehrig,
2002). Using the initial questions, four researshitien conducted interviews with ten
beginning secondary science teachers. The resparesescollected and used to revise
the interview process. We aimed to produce stamzdd open-ended questions that
were clearly stated to the teachers and that exgbltineir beliefs (Patton, 1990). Our
initial revisions included shortening the questiomsvising the wording in order to
capture the beliefs of teachers, and removing amstgpn from our interview sequence.
Once again, we reviewed the questions and ansveeachers to determine if we were
capturing beliefs. Our review specifically sougbtdetermine if the questions elicited
teacher responses that were highly personalizéeh @bnstructed in episodic ways, and
contained affective and evaluative components (Sespor, 1987; Pajares, 1992).
Moreover, we examined the questions to determieeptiesence of an object and an
attribute, and an orientation towards knowledge @endixen, Dunkle, & Schraw, 1994,
Fishbein & Ajzen, 1975). Through an iterative prsg®f revision and reflection, eight
guestions were developed.

During the next phase of the development of thel, TiBree researchers
inductively analyzed 75 transcribed interviews efjinning and experienced secondary
science teachers in one state. Through this prottessmajor concepts, themes, or
categories present within each question were ifiettiCategories that emerged from the
transcripts of the interviews resulted from the stant comparative method of data
analysis (Glaser & Strauss, 1967). Each questi@hitasncorresponding categories were
then placed in a clustered summary display (Mileddberman, 1994), which later gave
rise to a graphical representation of the question.

The emergent categories for the questions werglitibmal, instructive,
transitional, responsive and reform-based. Traditi@nd instructive responses represent
teacher-centered beliefs, while responsive andmefmased responses represent student-
centered beliefs. Transitional responses reflectieav of students that focuses on
primarily behaviorist and affective attributes dudents, not always the cognitive
involvement. A further elaboration of the episteagptal underpinning resulted in three
areas of classification, which are similar to thésend in Ernest (1989). Specifically,
traditional responses reveal science as based ds, faules and methods that are
transferable; transitional responses represennhasei@as a body of certain knowledge;
while reform-based responses support science agnandc field that is subject to
revision. Table 1 summarizes these categoriestandpistemological underpinnings.

The final phase of development of the TBI entadedducting interviews with
pre-service, induction, and experienced sciencehta in three different states. Over 40
interviews were conducted, and in some instanceépteuinterviews were conducted
with participants during a two-year period. Theemtews were analyzed by two
different researchers, with the answers comparetdga@urrent TBI. After the coding of
these interviews, three researchers met to rekis@ Bl to better represent the beliefs of
the expanded group of teachers. This final meetagulted in the deletion of one
guestion and the formal connection of the questiordifferent epistemological domains
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in science teaching. While these categories aresmaprehensive, they are broad enough
to depict the epistemological beliefs of sciencachers. The final TBI questions are
presented below, while the questions with selestsgonses can be found at the end of
this paper.

. How do you maximize student learning in your clasgn? (learning)

How do you describe your role as a teacher? (krayde

How do you know when your students understand Priileg)

In the school setting, how do you decide what &zleand what not to teach?
(knowledge)

How do you decide when to move on to a new topig/onr classroom?
(knowledge)

6. How do your students learn science best? (learning)

7 How do you know when learning is occurring in yolassroom? (learning)

PowbdPE

o

Reliability & Validity

In order determine the generalizability of the T&lother discipline teachers, we
used the TBI with pre-service mathematics teachAtsfirst, one might think that
teachers would provide similar answers across st#jélowever, this was not the case.
In their answers, teachers clearly drew upon trmntent knowledge and their
understanding of the nature of knowledge constactin mathematics. The answers
provided by mathematics teachers differed from ¢ho$ the science teachers, thus
supporting the reliability of the questions. In @meh to questioning other groups of
teachers, we reviewed the responses of the teaehdr®ur own questioning process.
The language and explanations of the interviewadhers indicated that we had created
a non-threatening atmosphere in which genuine resgsowere possible. Our own verbal
cues, along with the responses from the teache#s,ug confidence in the reliability of
the responses (Fowler, 1993). Finally, the Cronbalgina coefficient for the internal
consistencies survey was calculated at 0.70.

Determining the validity of this process entailedultiple reviews of the
interviews, as well as comparisons with data frahepinterviews that were collected in
the course of the study. In each instance, we tdedentify alternative constructions and
to determine if they were truly different, or ifeth aligned with our categorizations.
Throughout our process of reviewing interviews ardmining the responses, we found
that our depictions held up, thus the validity af process was supported (Patton, 1990).

Limitations

Before discussing the results of the TBI and oocess of documenting different
groups of teachers, we need to acknowledge thealioms. First, the very nature of
identifying beliefs is difficult. In trying to capte the beliefs of teachers, we may have
inadvertently captured behavioral intentions, whrelpresent a person’s intention to
perform various behaviors (Fishbein & Ajzen, 1979hwever, we were conscious of
this problem and sought to capture beliefs by lavireachers describe the
epistemological side of the event. Second, eveaghave tried to adhere to methods that
address issues of reliability and validity, these @eas of concern with just one method
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of data collection. In an effort to address thisues we involved multiple researchers,
examined the data different times, expanded oua daliection to multiple interviews
and different geographic areas, and worked withsoibjects to establish rapport in order
to enhance our access to their thinking (Patto®0)L9Although there are limitations
associated with this process, we have confiderateotlr generated representations reveal
the beliefs of science teachers.

Using the TBI

We are currently using the TBI to track changeshe beliefs of beginning
secondary science teachers in different inductrognams, and pre-service teachers who
are participating in a teacher preparation progtfaam begins during their freshman year.
Both of these studies are tracking teachers ovperad of time and as a result the
teachers are participating in belief interviewsroseveral years.

In preparing to talk to a teacher about his/heliefss we often begin our
scheduled session by asking the teacher to talitdbe or her current experiences as a
new teacher or as a student in a teacher preparptimgram. In our experience, this
allows the teacher to talk about his or her expese and develops a comfort level with
the interviewer that allows for a deeper discussbrthinking later in the interview
process. This beginning part of the interview uisualkts from 10 to 30 minutes and can
result in teachers discussing student accomplistenenell-developed lessons, or
experiences that are conducive to their growth esmeher. Following this section of the
interview, we begin the interview about beliefs. s interview the teacher, we ask for
examples and rich details that highlight the epistiegical side of the question.
Additionally, we do not have the TBI maps with as,this would guide our questioning
towards areas in the maps. When we complete teeviatv, we always ask the teacher if
there are additional comments he or she would itkkenake about being a science
teacher. This often results in an additional 5 fominutes of discussion. The entire
beliefs interview process usually lasts from 2@®minutes, and all of the interviews are
digitally audio-taped. The duration of the intewidepends on the comfort of the teacher
with the interviewer. It should also be noted thmatst teachers are not interviewed by the
same person, as this helps to ensure we have Hierdgresentation of the teacher’s
thinking over time.

Once the interviews are conducted, they are trdoest and coded or they are
coded directly from the digital tape recording. Eatterview is scored independently by
two researchers. During the coding process, natesveade by each researcher on a
separate piece of paper that summarizes the belietee teacher. The last coder is
responsible for looking at the level of agreemestiMeen both coders. If there are areas
which are not in agreement, either both researcteamsvisit the question(s) that do not
agree or a third researcher can listen to datanewxathe prior codings, and make a
decision. Once the codes are determined, the respogre merged to depict a beliefs
profile that represents a teacher’'s beliefs ovemeti(see Luft, 2001 for a more
comprehensive report of the process). Table 2 sxample beliefs profile.

The resulting beginning and ending categoriegtegr compared to each other to
produce a summary of the teacher’'s beliefs. Thidase to determine the degree of
change or to establish a predominant teaching gbyplloy of the teacher. When we found
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variations between pre- and post-interviews, westhdteginning teachers’ beliefs about
teaching as shifting, alternating, or not changighift in beliefs about teaching results
when three or more of the answers in the postuiger move one category or more to a
student-centered or teacher-centered ideology,oand/expanded answers that reveal
new understandings. This type of change depictefbethat are becoming similar in
orientation. An alternation of beliefs about teachbccurs when three or more of the
answers move to teacher-centered or student-centategories, instead of all responses
moving in one direction, and/or when responsescatdi new or refined ways of
explaining teaching that emphasize teacher or stutentered approaches. Alternating
beliefs are not stable and have the potential tweramain. It should be added that the
modification or change in at least three answensideto be the threshold indicating
important shifts in beliefs. That is, teachers whanged at least three categories were in
the midst of constructing new or modifying existinglief systems. No change in beliefs
occurs when only one or two participant respongef sategories, and/or when no
expanded discussion occurs. Generally, beliefs thith degree of change are relatively
stable.

An Example
An Interview with a Teacher

The post-interview of Sandy (pseudonym), a firsifygecondary science teacher,
was conducted in the office of a researcher autheersity. She arrived early and was
excited to discuss the completion of her first y@sma middle school science teacher. Her
school consisted primarily of Hispanic studentsstmaf the children learned English as
their second language and patrticipated in a digtricgram that provided meals for free
or at a reduced cost. Sandy wanted to teach ins#iteng, though it was not always an
easy place to work. Once Sandy was comfortabletla@dasics had been covered, the
beliefs portion of the interview began.

In response to the first question about maximizsigdent learning in the
classroom, Sandy paused for a bit, then said, “Bwgulots of different types of
instruction. By giving the kids multiple opportues to demonstrate their understanding.
Doing projects that they want to learn about.” Betw each sentence she also paused, as
if to emphasize the points she made.

The interviewer followed up by asking if there wether things that she did to
maximize student learning. The question was restitallow Sandy to think about the
qguestion and perhaps formulate a more in-depth @ms®andy contemplated the
guestion. She eventually replied that “In the dlasm, | try to give the students lots of
time to talk about their learning and their thirkin try to provide a positive atmosphere
in which the kids are comfortable to learn. Forrapée, when we did our last unit, which
was on genetics, the kids had opportunities to tialkne another and think of questions
that were relevant to the lab. The activity wasdyaas the kids are a generation of CSI
[Crime Scene Investigation] watchers and they mdifjurhave questions about the
genetics. This lab really grabbed them and allowesin to use their research skills.”
Sandy continued to talk about the kids and howvglieted them to raise questions, but
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later in the interview she shared that she likasrnigpanswers for students when they ask
guestions.

When Sandy had spoken enough about this questenpfint at which no new
information was added to the conversation), therinéwer asked her about her role as a
teacher. Again Sandy was silent for a bit, therm@ned the question. She started by
explaining that she did not want to “be a beingmdwledge that gives knowledge to the
students. | want to provide them opportunities sk questions and to model how they
can learn on their own. | really want them to beejpendent learners. | really try to steer
clear of lecturing. | always try to set up an atyivand let them go at it. If | am
successful, | have used real life examples and a@ineyoacking their conclusions up with
fact.”

Still not clear that an answer was evident, therineéwer restated the question
“How does this represent your role as a teacheaPtd$ responded that “I give them an
idea or a venue and they get to run this. Theyt@eesearch it and develop their ideas
and show their personality in the assignment. Whey do this, they get the chance to
learn on this own. Hopefully this knowledge wilickt a bit longer. “

After Sandy’s pause, the interviewer quickly asKééhat did you do with the
kids while they were doing this?”

Sandy responded without a break “| talk to the lkadd ask them questions about
the assignment. Hopefully, if 1 ask a questionntlieey can find the information. You
know, they know about the different search engibes,they really don’t know how to
determine if it's good information they are gettiigthey need to find information, they
can go to the internet, but they need to know df ithiformation is useful. It's important
that | help them understand if the information timety have is good information.”

These two questions, presented in an abbreviatguofa begin to reveal an
orientation that Sandy has towards teaching scieimcéer first question, Sandy talks
about examples that show involvement of the studetite classroom. She is intent on
providing good experiences to the students, but mats yet come to develop an
interaction between the knowledge students aretiogeand the knowledge of the
students. Her response to the question was codBchasitional(see Table 1).

In her second question, Sandy does not give anaasyer to the question. The
answer that she gives reveals that she is intergiving her students opportunities to
learn, which is similar to the response she gaveeinfirst question. Even with additional
guestions, it is clear that Sandy wants her stwdenhave experiences and that she will
help direct these experiences. Her position tow#rdsstudents and the content result in
her being coded dastructional(see Table 1) for this question.

The responses provided by Sandy are typical of mestscience teachers. She is
building her beliefs about teaching the content anth more classroom experience
these beliefs will certainly change over time. Ravan her change will be the type of
discussions and experiences she has with colleagines first years of teaching.

Looking at a Group of Teachers
We recently completed an analysis of data on apyau35 first-year secondary

science teachers. These teachers were groupeddmgrado the induction program in
which they patrticipated: general induction, e-mentp science-focused, or alternative
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certification programs. Each teacher participated pre and post-interview, which was
evaluated as described earlier in this paper. Wehidemplete discussion of the research
and the complete analysis of the pilot year resariésin review (see Luft, Fletcher, Kern,
Roehrig, & Brown, in review), it is worth shariniet beliefs data to show the analysis of
this data over a year. As our goal in this studg teaexplore the change in teachers over
the year, we first coded the data and createdla &iowing the averages and standard
deviations (see Table 3). When an F-test was cdaedutb determine significance in
change between groups, we found no statisticatipificant difference between the
programs in terms of change in teachers’ belief8(R20) = .59, p =.63).

While the data were not statistically significaat the pilot year, some trends are
evident. For instance, we see that teachers tehdue instructional beliefs (around 14).
These beliefs tend to shift towards more traditiom@entations for those teachers in
general programs and in alternative certificationgpams, while teachers in science-
focused and e-mentoring programs (which are alsense focused) tend to move
towards transitional orientations. Again, theseftshare not significant, but they are
evident. In the formal study, we are exploring (agnother areas) each belief item, as we
have a large enough pool of teachers (120 teachers)

This data is interesting for science teacher edusanvolved in beliefs research,
as it shows that beginning science teachers haiefdbthat are aligned with traditional
epistemologies. Most science educators would hbpe teachers who graduated from
their programs would have transitional or instruetibeliefs about teaching science.
Moreover, the data shows that the beliefs of theaehers did change slightly over the
year. These two findings suggest that teachers naag beliefs that are resistant to
change and that they may not have been impactetiebpre-service program, or that
teachers are forming peripheral beliefs that angvgb change. In the years ahead, we
will be exploring these hypotheses, along with othe

Discussion

We consider beliefs to be propositions that indreid think are true. Since these
beliefs are based on personal judgment and evaiydtiey can be non-evidential; in this
sense we concur with Richardson (1996). In termsaxnce teaching, we consider
beliefs to be core and peripheral, as do BrowrBeellton-Lewis, and Purdie (2002), and
epistemologically oriented, as described by Bendixeunkle, and Schraw (1994). All
teachers have personally constructed beliefs aleaghing. As teachers engage in their
field of instruction, these beliefs expand in thepistemological orientation. Capturing
the beliefs of teachers is important to those iersm®e teacher education--ultimately,
beliefs reveal how teachers view knowledge andnlagr and suggest how they may
enact their classroom practice. As peripheral tehee forming, it is critical that they be
monitored during formative periods such as thd fiesars of teaching or during intensive
professional development activities.

While our work has focused on the beliefs of bemgignsecondary science
teachers, we have also worked with pre-service r&lny science teachers and
experienced secondary science teachers in an effounderstand their beliefs about
science teaching. Our studies have revealed, amtrey findings, that the beliefs of
science teachers can change or be modified andhinaare likely to do so within certain
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parameters. For example, pre-service science tesa@fteo display tendencies towards
student-centered activities and instruction canetigw more responsive ideologies with
specialized support. Correspondingly, they also o@wve towards more traditional

practices in the absence of adequate support. 8ge types of changes, we concur with
Yerrick, Parke and Nugent (1997) that beliefs canrwdified, as such beliefs tend to be
evolving. In addition, we agree with Fang (1996atthexternal factors--such as

professional development or induction programs--tapact beliefs. Generally, these

types of change/modifications represent the tergatiature of beliefs in beginning

teachers, supporting the view that beliefs candveiywformed and peripheral (Brownlee,

Boulton-Lewis, & Purdie, 2002; Rokeach, 1986).

Like Brownlee, Boulton-Lewis and Purdie (2002) aiallace and Kang (2004),
we found that nascent beliefs are often intertwind@ also found that teachers do not
compartmentalize different beliefs. The interplaizeen beliefs demonstrates that they
are nested within each other and are not alwayseades entities. For instance, as teachers
discuss the learning of students they often makenections to the knowledge of
students. These types of connections are imporantey contribute to a more holistic
view of teaching. One constraint associated with tonnected nature of beliefs, is
collecting enough information to analyze the natwir¢he different beliefs. In realizing
this constraint, we make sure that we have adeduofmenation to determine the beliefs
of a teacher, and often draw upon answers givediffarent parts of the interview to
understand the orientation of one answer. For el@ngachers may talk at length about
their role as a teacher, but later in the intervibey may give an example that highlights
this position. To negotiate the nestedness of fsel@ene researcher is responsible for
coding all of the pre- or post-interview questiaisa science teacher, as opposed to just
coding the first, second, or third question.

In addition to these findings, we have reportedthrer aspects of beliefs over the
years. These findings can be found in several ofpapers and include the following
(see; Luft, 2001; Luft, Fletcher, Fortney, 2005ftl.l.ee, Fletcher, & Roehrig, in press;
Luft, Roehrig, & Patterson, 2003; Roehrig & Luftp@a; Roehrig & Luft, 2004b;
Roehrig & Luft, 2006):

» Science teachers with transitional beliefs are nlik&ly to move towards

traditional or reform-based dispositions;

* Beginning secondary science teachers have primanbtructive and
transitional beliefs;

* Beginning secondary science teachers’ beliefs anee iiikely to change than
those of their experienced peers;

* The beliefs of beginning secondary science teaclsrgdepicted in this
interview process (traditional, instructive, trdimial, responsive, reform-
based), tend to correspond with traditional (tiaddl or instructive), guided
(transitional) or inquiry-based (responsive or refdbased) practices;

 The beliefs of beginning secondary science teachars be impacted by
subject-specific induction programs;

* Aspects of teacher education programs can impaxtbtdiefs of science
teachers differently, with some courses fosterirgyartraditional or reform-
based beliefs.
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As we explored the beliefs of teachers, we elette@éngage in an interview
process. This process does give us access to liieéshs teachers, which are the deep-
seated views that direct practice. While some hangried that beliefs data without
observational data or multiple data sources is Iprobtic (Pajares, 1992; Richardson,
1996), we feel otherwise. In fact, from our expece, interviews can provide access to
the thinking of teachers. Moreover, the intervienwgess allows the teacher to reveal the
complexity of the belief system. Interviews, in oakperience, do transcend the
shortcomings of written responses that have besaoritbed by other researchers (Fang,
1996; Munby, 1982). Collecting observational dataynbe important in order to
determine the translation of beliefs into practioet conducting both to understand one
event may confound our understanding of the natfirhe beliefs of teachers. In our
experience, detangling beliefs from practice isantgnt, and interviews with teachers
about practice and experiences do reveal the behet teachers hold.

Conclusion

Understanding the beliefs of teachers is crititahose of us in science teacher
education are going to develop programs that halastang impact on our teachers. As
we begin to understand how the beliefs of scieeeeters form, we will be able to
develop pre-service and professional developmeogrpms that are conducive to the
optimal development of science teachers. Ultimatélys could result in a different
configuration of course work and activities in aeqservice program or different
processes that can be drawn upon during the profedslevelopment experience.

As we embark on beliefs research, we should bkingofor new ways to reveal
the beliefs of teachers. Our work with interviewsggests one viable option to the use of
traditional paper and pencil tests to measure fseldoreover, our work in this area
suggests a method for looking at the emerging fsebé the teacher. Along with the
development of techniques to monitor the beliefseaichers, science educators should
also follow the beliefs of teachers throughout théevelopment, as well as try to
understand how the beliefs of teachers are conthéatpractice. Moreover, as beliefs are
followed, consideration should be given to the symé experiences that impact the
beliefs of teachers. In the coming years, this mdarmation about teachers’ beliefs will
hold great interest for the science education reseammunity.

Author’s Note
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Table 1. TBI Category Descr
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Category

Example

View of Science

Traditional: Focus on
information, transmission,
structure, or sources.

I am an all knowing sage.

My role is to deliver
information.

Instructive: Focus on
providing experiences,
teacher-focus, or teacher
decision.

| want to maintain a student
focus to minimize
disruptions.

| want to provide students
with experiences in
laboratory science (no
elaboration).

Transitional: Focus on
teacher/student relationships
subjective decisions, or
affective response.

| want a good rapport with
,my students, so | do what
they like in science.

| am responsible to guide
students in their developmer
of understanding and proces
skills.

5S

Responsive: Focus on
collaboration, feedback, or
knowledge development.

| want to set up my classroo
so that students can take
charge of their own learning

m

Reform-based: Focus on
mediating student knowledgge
or interactions.

My role is to provide student
> with experiences in science
which allows me to
understand their knowledge
and how they are making
sense of science. My
instruction needs to be
modified accordingly so that
students understand key
concepts in science.

Science as rule or fact.

Science as consistent,
connected and objectivg

Science as a dynamic
structure in a social and
scultural context.

U
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Table 2. Beliefs Profile of Teacher A.
Traditional | Instructive | Transitional Responsive fd&m-based
Int. 1 *kkk *% *
Int. 2 *kk *kk *
Int. 3 Kok *hkk
Int. 4 Kk Kkk *k
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Table 3. Beliefs of Teachers in Different Inducti®drograms

General e-Mentoring  Science Mentoring and
(20) (7) specific (8) certification (10)
Pre-beliefs 15.20 (3.96)  14.33 (1.63) 15.20 (2.68) 14.75 (4.40)
Post-beliefs 14.40 (2.88) 15.67 (2.42) 16.20 (4.21) 14.38 (2.13)
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Figure 1. Beliefs Questions

Howe do you maxirmize student learming in your
classroom?

re: learning (7-14-04)

57

Student Focused

[
Teacher Fooused Teacher Focused ¥ Student Focused
Tra_clitio!lal: Teapher Instructive: Teacher Transitional: Teacher Re_sponsive: Teacher
pravides infarmation in monitors student creates a classroom designs the classroom
a St_ructured actions or hehaviors : envitonment that enwrnnmer_ﬂ to enab!e
environment during instruction involves the student students to intaract with
each other and their

knowledge

Reform-based; Teacher
depends upon student

responses to design an
arvironrent that allows

for individualized learning

"By carefully

: "B looking at Coaniti Aftactive
pllannlng ihE the studants's b "By using smmall group
essns .. UL A dA
responses E—— "By building a activities in which
S diftarent positive, students hypothesize,
e Nies of iipkDite predict creats, shate
PowerPaint actiities” enwiranment' and guesliny

"Knowing that not all
students learn the
same, | hawe ta think
of different ways to
arganize the lesson”

presentations” " watch my
students By -
W - closely as ; "By having a "By giving

cg‘;i:ruaonrglgg Iﬂit they EcoLaY relationship students the
the students face complete the Trem oo with oppoHunities to

ma" lah" their s students defend their
thinking outside of jdeas in frant of

class" their peers"

"l use atextboak, a
study guide, and
wer hawe it on the

wieh"
——

students to choose
their own vehicles

"By allowing

ta learn by
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Howy do you describe your role as teacher?

re: knowledge (7-11-04)

58

Teacher Focused

Teacher Focusad

L

i

Traditional: Focus
on infarmation
and structure

"All knowing
sapge”

"Deliverer of
information”

D —

"I needto
provide
consistent
routines and
classroom
rules”

Instructive: Focus on
providing expetiences

1

"Tao provide
materials and
opportunities
far students ta

learn”

"' maintain
student focus
ta minimize
management

igsues”

Transitional: Focus on
teacherstudent
relationships or student
understanding

Student Content
L] L]
"I need ta
deveing g “To guide the
gooq ot students in
b developing
conceptual
understanding
. and critical
You have gotto thinking skills"
make the students
feel comfortable or

they will have a
difficult time
learning"

Electronic Journal of Science Education

Student Focused

Responsive: Focus
an collaboration
hetween teacher and
student

Student Focused

"Ta set up my
classroom so that
my students can take
charge oftheir own
learning”

Reform-based: Focus on
mediating student priar
knowledde and the
knowledge of the discipline

"l am a tour guide
whoa helps students
make sense of their

surroundings in a

mannerthatis
consistent with
what is known"
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Capturing Beliefs

Howy do you know when yaur students understand?

re: learning (6-29-04)

59

Teacher Focused

Traditional: Vhen

they receive the
information

Teacher Focused

"ltis
impartant
that they

hearitthree

times"

"We covered
itinclass"

“When |
cover the
lessan in

different
ways"

Instructive; When they can
reiterate or demonstrate
what has been presented

"when they can
dowell on a
practical
examipation"

Transitional: ¥When
they give an
explanation or
response thatis
related to the
presented information

Knowladge

"When they
can use their
own words
to explain a
cancept'

"When they
can repeat
the answer
on awritten
test, and the
answer is
correct’

"When they

"Their faces
talk about

light up"

Student Focused

Responsive; WWhen they
can utilize the presented
knowledge

"When they can
clearly defend their
ideas using
evidence and
examples they
experienced”

the
presented
knowledge "They get
i nesw weays” excited”

"When they

"ifhen they
canaska
basic gquestion
of a student
during a
presentation”

are
animated
ahout the
lesson
outside of
class"

Electronic Journal of Science Education

"when they can
discuss new
phenamena that

they encounter in
tlass"

Student Focused

Reform-based: Yhen they can
apply knowledage in a navel
setting, or construct something
novel thatis related to the
knowledge

"They can came up with
guestions ar camments that
represent an understanding of
the topic. Often these
guestions use the knowledge
in a new situation that we have
not experienced in class. "

"One of my students

used triganometry to
sohve physics problems”

"When students can question
and dialogue in manner that
expands their understanding,

For example, they can

successfully understand how
a chemical reaction can be

altered with the modification of

element”

ejselswestern.edu



Luft and Roehrig

In the school setting, how do you decide what to teach

andwhat not to teach?

re; knowledge (7-11-04)

60

Teacher Focused Teacher Focused

{ y

Traditional: Instructive:
Decision guided Decision based
by adopted onteacher focus/
curriculum or direction
other schonl
factor

“Wihat | enjoy
and get
"Based on shicited
e abaut
we "What | feel
s comfortable
the book! with?
“Litnited by "If | have the
the district materlali
curriculum" available
"What
students
need to
know for nesd
course”

Transitional:
Decision inwhich
some modification
is based on student

feedhack

"What | think
the students
will be
interested in"

"I think af the
ahility levels
of Fry
students”

Electronic Journal of Science Education

Studert Focused

{

Student Focuzed

Responsive: Decision
hased on student feedback
and other possible factors

"hat
misconceptions
students at this
age hawe, and
what the
interests of my
students are"

"Based onthe
knowledge and
interests of my
students and
myselt- when
wee're inta it, we
learn hetter

Reform-based:
Decision based upon
student focus and
guiding documents
(e.g., standards,
research)

"The contentf
concepts have
to be cognitively
appropriate for
the students

and aligned
with aspects of
the standards”
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Howe do you decide when to move on to a new tapic in
your class?

re. knowledge (6-29-04)

Teasher Fasused Teacher Focused

Student Focused Student Fosused
¥
Traditional; Instructive: Directed by Transitional: Responsive: Decision .
Directed by teacher teacher; hased on basic Teacher decision based on student feedback BETN hEsed; Dems‘mnt_basedd
student understanding of pased on limited that potentially involves H ot a_ndun-gutmdg eragl_?t!on fm
b cansiders student abilities to
LRI ARl :Lﬂﬁ;ﬁ;ﬁfs&z&g: 4 p demonstrate understanding in

differentways. May involve the
modification of lessons.

"when the
unit is over"

"When students are

"Students can

f *| can see camfortable with the
expilain the themn daing content; they use it in
material to me th bul
.. ! : the lak eirvocabulary,
Wihen we in their own : it d o
Paes Saaeiy ; 4 carrectly’ wiiting, an An informal
the material® A discussions” evaluation of student
corversation and
“Aihat the their wark
"When we "When | fael kids use the throughoutthe topic.
Ny lika tha ideas in "I move an when there's a lull, Bythe time | give the
tirme" students get class" hutifthey start asking test, it's too late”
it guestions aboutthe old idea,
| go back!
_ "Itis notthat
"I give the students "When the students
guizzes once ot bored, are applying the
aweekto but we concepts o new
determing covered itin situations and
wehat rmy as many asking guestions
students weays as | aboutthe cancepts”
know! could" )
—
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Howy do your students learn science
hest?

re: [earning (7-11-04)

Teacher Focused

Teacher Facusad

Y

Student Foeused

Traditional:
From the teacher

"By paying
attention”

"By taking
good notes"

Student Focused

Instructive: By mimicking

the teacher

Electronic Journal of Science Education

"By weorking
problems we have

practiced in class”

"l show them what
they need to do, then
they loakido it by
themselves”

"Theywatch me do
it, then they practice
iton one another"

——————

Transitional: By
using procedures)
guidelines

"By doing a
laboratory”

"By daing
hands-on
activities"

Responsive: By
encountering and
interpreting phenomena

Reform-based; By eliciting,
encounteting, and constructing
theirideas about phenomena

"They are
challenged to
create their awn
understanding to
explain their
generated data”

"When they interact
with one another
as theytry to
explain their
results"

"When they have
ownership overwhat
they learn and how

they choose to go
about learning it*

"They all learn
differently, but they need
rich experiences which
allows each student to
explare their nations of

the experience and
make sense of itina
nes way"
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classroom?

re; learning {7-11-04)

How do you know when |earning is occurring in your

63

Teacher Focused

Teacher Focused

Traditional:
Determined by
action of students
during instruction,
Emphasis is on
order and attention
as related to the
student.

"It is still quiet
atthe end of
the lesson”

"“when they
are paying
close
attention to
the lectura”

Instructive: Determined

through measures given

by the teacher. Emphasis

iz onthe carrecthess of

the student response to
the measure.

1

" give
quizzes to
see ifthey

are getting it

"When they
can follow
the
instructions
inthe
laboratony

"l look attheir

lah write-ups
their graphs,
theirtests"

Transitional:
Determined through
suhbjective

conclusions about
the student.

Cognitive

"The students
are gctively
engaged in

learning rather
than passive
recipients of

information”

"The students
write a
reflection
abouttheir
learning”

Electronic Journal of Science Education

Affective

"l can tell by
the lookin
their eyes"

"Talk about
science
outside of
tlass”

Student Focused

Responsive: Students
interactwith their peers or

the teacher about the topic.

Responses are limited or
preliminary.

Student Focused

Reform-based: Students
initiate significant interactions
with ane another andior the
teacher about the topic

"“When
students
interact to
solve
problems"

“When
students are
helping each
other"

"Students defend their

ideas through the use
of evidence and
examples”

A

"Students can
formulate thoughtful
guestions ahout the

content!

D E—

"Students seek other
student's opinions
aboutthe content and
what they know ahout
an idea”

"When
students are
challenging
one another”
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