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' ABSTRACT

‘,jThe‘purpose of the-séndy wasﬁfo determiqe‘i£~student
perceptions of bidiégy pfojecgs aé a léarning.experience
were ;elét;d’to stuéent‘cognitive devélopmentalvrevels
‘as défined’by Piaget. Sbecificallyrthe' Stﬁdy'examined

student peréépt;éys of grade 12 bioiogy projects +to

 determine if: ‘W .
. . - R N ) .‘-..‘g \“; o

1. Students who bad »attaiﬁed a formal
opetationél leve%“af devélopmépt were more -
satisfied with,'the projeét experience than
boncréte operatibnal students.

. 2. Students who had attainéﬁ a formal

’operational level of_dqvelopment perceized the

biology®,project as a ffiore significant leafning

experieﬁce  than did céncrete operational

students. * |

| 3. More feméles Eirﬁore males -in the text
+ sample had attained a forﬁal operational level

- development. N

4. Male and female students differed in

therr-"perspectives of the biology :project
experience "with respect to satisfaction and -

learning value.

iv
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The Samp}e of ld? studehts from 7 ruﬁél schools
surrounding HEdmonton, Albetta, ‘was chosen from sch;ols
where a teécher consented to cooperate with the study.
All students had com@letedv projects in the second
semester of the 1982183('chool year and allvéampliné was
donéAduring the périod pril to June.

- Three test instruments were used in the study. The

Test qf Logical Thinking, designed by Tobin and Capie,

‘is a3 pencil and paper test used to determinp the

student's cognitive developmental level according to the

theories of Piaget. The Student Perceé;ions Instrument,

: S N r A
designed by the author, is a twenty-item guestionnaire

‘with a five-point Likert  scale used to measure the

student's satisfaction with the biology project and to
” : . - .
provide information on the organization and structure of

the projgc; expe;;encé,.'Thé‘Ihventory of Processes in

Scientific Inquiry is a twenty-item . questionnaire

adapted from a list of pro?*ssesuof inquiry developed by

Nay- and associates. This instrument measured students'

) perceptions of process skills learned in the jb;oject

experience and provided'a sentence completion section to
complement the quantitative responses to the
questionnaires with written . observations by the

respondents. Further ‘qualitative data were 8available
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from tape recorded interviews with randomly selected

e

students from each study school,

fb*'AnalysL&‘OE the data indicated that neither student

"i‘ 9 . B .
satisfaction with the ppoject experience nor students'

perceptions of the value of the project d
cognitive developméntal level of the stude5§ 
-The study also found no significant diffe;gnce bétween
male or female students with respect to %;; numbers of
formal operational thinkers (p = 0.05).

While no significant differences were found between
m#le and female students with respect to satisfaction
or perceptions of qhegvalue of the biology project in
total (p = G}ZS),'resgpnses on several individual items

on both the Student Perceptions Instrument and -the

inventory of Processes in ' Scientific Ingquiry were
significantly different (p = 0.085) to suggest further
study. ' ‘ s

. . v . - - .

What was clearly evident from/%oth the quantitative
and qualitative data of the study is that satisfaction
and value of ‘the learning experience of a biology
project are dependent on the level of inquiry allowed by

.
the classroom teacher.
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~ 1. Introduction ‘ : ' e

A, Background

Many educators believe that science eFucation should
be a part1c1patory act1v1ty. Students,shbuld be allowed

and encouraged to become actlvely \ vaolved . in

investigations»:to explore many . of the skilléjf nd’

technlques of sc1ent1f1c researcp,and to pursue toprcs

. of personal,1nterest in some depth. Tok;hisf

concept of student projects‘has been 1nclud

s

_science curricula, 1nclud1ng the B1ology 30 cutt
: ‘ ‘ ®
used in Alberta and the Northwest Terr1tor1es.

Despfte4thevoff1c1al prescr1pt1on in the curr1culum
guide and the: phllosophlcal commltment qf plannlng
. ) AN i . _‘\
commltrees and .such ‘service gu1des2 as the,, Biglogy

. . . \ " L
. Teachers' Handbook (BSCS, 1970) and the Studént Project
‘ LI o N W

Handbook (Alberta Edud&tiond,k?76), actualy p:actlce ofhgf

. e ‘
student projects as a teaching methodology seems;to be

less than intended. The Blology Evaluatlon Report-

(hlberﬁa Education, 1981) 1nd1cated a number of p01nts

"related to Grade 12 Blology PrOJeots. |

| a. While 74% of blology teachers who responded
to an Alberta Educatloh'evaluatlon survey felt a
project helped stu ents achieve learﬁing objeotives

f\that tould not be<§cﬁieved in ogher’ways,

b;b Only 57% of the respondlng teachers felt aA

FERTAY ) . . . \
Sy . . .
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ggéojecf shoukd‘be méndatory,

'é}_ And currently, when projects are dohe; Si% take
lesg\ than 1@ hours  to complete and 72% take 15
hours or iess. This is apprec1ably less than the

© 25 _hours 1nd1cated in the curr1cu1um gu1de used up

to September, 1984. : . '

Rationale offered by respondents for not requiring

student projects emphasized the logistics of management

”and organi%ation,'but comments inqluded the EOLlowinaf

a. "Students a;e " too immapure; insufficient
'beckgfound to do an effective job." |

b. "The choice of projectleis toe difficult as

students.leck knowledge ef'background;"' - '

c. . "Not capable of conducting independent research

‘‘study...". (Alberta Education, 1981) )

The eommeets_above are included in the eveluaty/
report as composites of many comments recelved f}om
respondents. 'Each cempos;te ;epreeented about 11% ofg
ehe responses (n=i46). -

These Heta sﬁggest an’ examination of the
relationship between‘the~cognithe developmenﬁal_leveis
of biology students and the praeﬁiceeof‘biolbgy ptojects’
is in order. such a study coeL; be conducted from a
number of points of view but this study will examiné the

¥

issu@ from the student's perspective.



B. Basic Assumptions

This'study is "‘based on ceftain assumptions of the

nature of Biology 30 projects and measurement of

giagetian coghitivé.deVelopﬁental levels, épecifically:
) . . ) ’f ¢
,a. A paper and pencil test can mgasure cognitive:

-

" developmental levéls.

b. Biology 3@. projects involve a wider rangé of
v : S _ , e

topics and inciﬁde» a greater 'possibiiiﬁy

student-generated problems than Biology lﬂw“6f7 20
projects. / , N
. ‘ \._\\\

c. Biology 3@ projects produce data.

.
~

(4~ The chatacte;istics of formal thinkfﬁg\geasured

by the Test of Logical . Thinking, such “-as’
' — ¥ . ,
controlling variables, are congruent with the
levels of thinking required by a Biology 30
project.
C. Statement of the Problem

The fpurpose ‘of this study is to determine if

.
-

. ) ~ ’
- student perceptigks\of biology ‘projects as a learning
experience are  related to student cognifive\

devélopméntalﬁqEVels.as defined by Piaget.

L]



D. Research Questions

The present study attémpts. to focus' on the

following research questions:

1. Do formal operational students express more

-

satisfaction with the bioldgy .project experience

than = do concrete operational students? __ - This

a

question may be | expresséd as, are there
reiationships that exist  between .Piagetian
cogniﬁive | dévelopméntal >~levels and  student

satisfaction with the learning experience of a

biology project? L | 4)

2. Do formal operational students 'pe:ceive the

" "biology project experience to have more learning

value than do concrete operational students? This

qguestion | may' ‘be. expressed as; are there
relationsﬁips that = exist between - Piagetian
cognitive  ‘developmental levels and student

,pérceptions.of the valué of bfology projects as a

learning experience?

i;;_&a§e mdre‘girlé or moré boys in thé-test sémple
a;taiﬁed a formal operational level? This question
mé& be éxpressed as, are there relationshipi that
exist between cognitive developmental level and

gender?

4. Are there differences in the way male and



7 y \ ' 3
. . : \ ' .

female students rate the project with fespect to

o

J { .
satisfaction and learning valde? This question may

{

between student §e!ceptions "of the 1learning

T
experience of a Biology 30 project and gender?

¥

E. Definition of terms*

Piagetian C4gmiitive Developmental Levels

" This will refer to the scores obtained on the Test

of Logical Thinking (Tobin and Capie, 198l). - These'

scores may be translated into categories that correspond,

to the follbwing accepted dcfiﬁitions (Wadsworth, 1978):

k4

a. Concrete operationsl -

The student has -attained reversibility and can

solve conservation problems. Logical operations

have developed and can be applied to concrete
problems.” The student cannot solve complgx verbal
problems.

b. Formal operations

The - student logiéally. solves all types of
problems and thinks scientifically. The student

can solve complex vefbal problems;‘

be expressed as, are there relationships that exist



Biology Prbject
This will | refer to any - learning experience
designated by the subject's teacher to be fa pioject

‘under, the Biology 3@ cu:ri‘culum.

Student Satisfaction ' o
\

This will refer to student responses on selected

items of a Student Perceptions In§trumenﬁ. These items
will assess the student's inEerest, enjoyment and
approval of the biology project as a metQPd of learning,
with specific reference to teacher responses on an
evaluation report '(Aiberta Education, 1981) which
indicated ;hat »biology projects are a unique way for
vstudents:

a. to be motivated,

b. to learn to work with others, -

c. to leérn selffdiscipline,

dﬁ”’to learn wise use of resources,

e. to have pride in one's work.

Student Perceptions of the value of a Project *

) ST T .
This will refer to student responses on selected

items of an Inventory of  Processes in Scientific

Inquiry. gThese)items will assess student agreement with

teachers' opinions that biology projects - are unique



exper iences that help students achieve learning

objectives that cannot be achieved in other ways
: ’ @

4

(Albéfta Educatidn,‘1981)} specifically:
q; . "To ,become proficient in research techniques
(such as) written coﬁmunfcation, reporting, oral
communicatidn, reading currént scientific
lfterature, | reasoning, analysis, manipulation,
/&nnd) process skills, - |
b. "Teaches 1nd1v1dual respo;glbﬁklty and applies
scientific method, (aqg teaches) 1ndependent
problem solv}ng." | i
C. "Apéreciation of scientific work."

d. "Relnforcement ‘and/or’ exténsion of core
material (and) exposure to many facets of bxology "
- ©- "Helps develop organizational skills."
F. Hypdtheses to be Tested B

Hl: There is no significant relationship
between student satisfaction with a biology project
(SPI) and cognitive developmental level (TOLT).

(élpha=G.GS) ‘
‘ H2: There is no significant relatiohship
between cognitive development, levels (TOLT) and
" student pérceptions of the value of 3 biology
project as ‘a learning experience (IPSI).

Iy



(alpha=@.$§) ‘ ‘> :.u
“ H3: JThere are . no significant relat;on~&
between cognitive developmgnéal levels (TbﬁT)'ﬁ-k
gender. (alpha=0.05) h

H4: There ate no sign}ficant -
between student perceptions = of the & learningw

‘experience of a Biology 3@ project and genders
(alpha=0.05) |

Wt

G. Delimitations of the Study

a. The study was restricted to those schools that:

completed Biology 30 projects in the second semester.

o

»
radius of Edmonton, Alberta, excluding schools within
the metropolitan boundaries of the City of Edmonton.

c. The sample was restricted to 1intact classes of

Biology 3¢ students. -
d. Due to such practical considerations as travel time
and the conditions for cooperation from classroom

‘teachers, the selection of subjects was non-random.

H. Limitations of the Study

3. Since the selection of subjects was non-random,

results of this study may not be generalized beyond the

sample.

b. Th? study was festricted to schools in a 200 km ,

-



b. Generalizability of the study results to Biology

10 or 20 is limited because of:

B

i. the rather more advanced nature of the projects
usuallf'attempteé at the Biology 30 level, and

ii. the -maturation of cognitive dévelopmental
levels from Grades 10 to 12.

-

I. Design of the Study

Belection of the Students

Schools outside a 200 km radius of the City of

.

0

Edmonton were eliminated from a 1list of rural high"

-

school biblogy teachers in zones 2,3 and 4, as publishéd
by Alberta Education. - Twenty schools were randomly
selected from those remaining in the radius, foilpwing
the ﬁprocedures of Hopkihs and Glass (1978). Schools
were phoned 16 order of the random selection to solicit
‘éhe co—operati&n df ten . teachers with Biology 3
students w;o would completg projects in Semester Il of
_the 1982-83" school year. The initial selection of
twenty schools to obtain ten teacheré wés'based on the
personal aﬁsumption that as man;‘és'SG% of Biology 30
students in the province do not undertake a project.

In each school the test instruments were

administered to intact classes of Biology 30 students.

*



Lo \ 1@

In the event there were more than one class in a school,
the choice of classes to be tested was decided by the
cooperating teacher,

The Test Instruments {

-

After the selection of subjects, students in each
school received a battery of test instruments to measure
student ' cognitive developmental levels and student
pérceptions.

Measurement of Piagetian Cognitive Deﬁelbpmental Levels

Measurement of the cognitive developmental levels

of students used the Test of Logical Thinking (TOLT)

(Appendix I) (Tobin and Capie, 198l).. This instrument
u#es sets of two questions to measure f;tmal thinking
ability in fiQe modes:  proportional reasoning,
controiling variables, combinatorial reasoning,,
probabilistic reasoning, and correlational réasoning.
Studénts are shoﬁn the' eéuipment relevant to each
question set, then choose a correct response from a
five-item multiple choice question. The.student must
also choose a éﬁfréCt”expianation for his answer . If
either tﬁe answer or the féasoh chosen are“@néo:rect,

the response is scored "@". The response is scored "1"

if both the answer and the reason are correct.
L 3
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, The internal validity of the TOLT as reported‘ by
the authors is high (Tobin and Capie, 198@b) 4nd its
correlation with five clinical interview tasks following
the' protocols of Piaget and Inhelder (Inhglder end
Piaget, 1958) is reported as high' (alpha=0.80, p<@.05)

\YTobin and Capie, 19805)‘ .

The range of scores On TOLT is 0 to‘1G. Although
the raw data will be used) for ahalysis, comparison with
the clinical inteivi?ws suggests: scores- of 1 and 4

correspohd to transitional and formal operétional stages

respectively.

Determining Student‘Perceptions
Determination of‘student‘perceptions of the Biology

. | '
30 project used two instruments: the Student Perceptions

ettt b ———

Instrument (SPI) (Appendix II) and the Inventory of

Processes in Scientific gnquiry (IPSI) (Appendix III).

%_he-SPI is a twentfy‘-n;em} questionnaire with a
five-point Likert scale developed by the author to

|
measure student satisfaction and interest in the Biology

30 project.
The IPSI is a twentyfitem~questionnairewdeveloped
by the author to measure the student's perception of

‘what he learned from the Biology 30 project. Modified

from the work of Nay and Assoeiatésthéy‘et'al,'l97l),
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the IPSI focuses on the cognitive domain,. specifically
- process skills, identified by the author as important
objectives for student inquiry-learning. These items

were also considered to be congruent with the teacherd'

responses, to Alberta Education's evaluation of the
Biology program, as processes unique to the project .
mggpaqi
The Interviews

After the administration Oof the test batteryf the
researcher asked students from the class, in order of
random selection, to volunteer  for a tape-recorded
iﬁte;view. Four students were chosen in this manner
from each class to participate in a group discussion‘
before the AETEEophone. The intent was to provide an
oppoftunity for students to express in more ‘detajl some
of their perceptions of the experience of doing the\
projects. Transcript;ﬂ of the recorded sesgidns
(Appendix IV) were examined for thevunderlyiné themes in /

the discussions and these are reported in a later

chapter.
.J. Organization of the Remainder of the Study

The remaindé: 9f the study is described in the

chapters that follow. Chapter Two reviews the

Y



PO |
<, Rl P . . .y .

lit'a‘..izlure ""relétéd Yl,to the -’stlj:dy',' including én
-.e‘xaminat'ion' of thé inqui;.y ‘app'roa.ch t.:ov tea’ching,
r'esearch‘ in" ééiénce'educatio'n 'in the Piagetian_ﬂjparadigm
and criticism of ‘e‘.dlicatibnal résearéh in the Piagetian
pa‘rédVigth“r. - _ |

éhapter’ Three describes the désign of the study:
_Cﬁagter Four“sumn.lari'zé‘”!s}.' t‘hbve quéntitative ;esﬁltS' of the
_ study, l'while ‘Chapter‘:- Five analyzes the ‘A respOnSes of the

students to the sentence completion questions of the

IPSI and in the tape-—record?d interviews. Chapter Six

- -
EAY

-describes the summary,j“cpnc‘lusions and recommendations
" of .the study.

il

=)
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II. Review of the/Biterature
T 4

A. .Sciehce Education Resea:ch inﬁtﬁéuPiaafggan‘Paradigm

In the early 1960@'s Americgn'éduéaésfs discovered
tHe ;heories-of intellecfﬁal deveiopmegt of Jean Piadét.
>Piaget had actually begun his work in(the‘hﬁdhlé 1920's
‘in Geneva and at the time of his "disScovery". in , rth
America his'reputation.in Eur»e was'solidl§ back:§\by
- more thaﬁ forty years of researchf. In Spite of‘th i
start the interpretation of Piaget's comcepts h%@
resulted in the establishment of an extensive parau:gm
of educationai research. Although‘ 3ean Piaget * was
neither a clinical psychologist nor ‘"an edpcgtor, the
promqters of his theories have atteméted to evaluate the
classroom learninglexpe:iénce in light of his concepts
of the devélopment of fhinkiné in the child.

‘Research in science education using the Piagetiaﬁ
paradigm Qhas ‘concehtratéd _ on threé main areas
(Chiappetta, 1976):;

-a., 'Rgporting - the developmental level of .

adOleécepts and young‘adults.fuh

b. Showing the relationship between 'cognitive

development. and science achievémenf.v : -
)

c. Discussing the research and its implications

to science teaching at the secondary and colleée‘
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level. ‘
_Studies intended to assess the developmental
levels of students have been‘undertaken by a number of
researchers and Chiapetta has sggqgiized the wofk" of
McKinhon and Renner 'in 1971, Lawsdn and Blake in 1974,
Juraschek in 1974, and Chiappetta and Whitfield in 1974
(Ch%apetta, 1976), Their general ' findings séem to
. indicate most ;Golescehts and yqung‘jadults‘ havé»ﬁgéf'
,attained"ﬁhe formal ‘operationéi stagé of cbgnitivé;
development. The rangeé repbgtéd fon students at the
 ,concrete operational level were between,?f‘andf83.4% for
junior high gchool sgudents, 22 to 85.5% for high school
students aha‘q to 52% for'colleée'students (ChiappéttaL
1976). ' These déta ;llusttate ; marked variation from
the _theo%eticai age . of 15 to lG-\yéars - for formal
operationa}-tg}nkiég suggested by Piaget's studiés.' .~
Lawson and Blake, Sayre and Ball, Sheehan, and
"Chiappetta  have all ,invéstigated thelvreiétionshié

between thought ‘development and science achievement

I,

(Chiappétta, 1976). Their research subjects varied from

junior high school students to science _teachers and

»

physical science to biology 'students. Generally, all
researchers found that even the few students who were
classified as formal operational tended to regress to

intellectual functioning at the concrete level when
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dealing ith.  science content, Although formal .

operatior ;;hinkers achievedvhigher grades on concrete
topics"thaﬁ concreté operational students, 'thp formal
thinkers.still failed "to achiéve.high grades on formal
concepts.

Continuing into the 1980's the research literature
“under the Piagetian paradigm hasvremaised extensive. A

&

surveybdf the Journal of Research in Science Education

showed thét 15 of the 7@ articles published in 1980 were
rgoted in Piagetién concepts. Such titles 'as "The
Sequence of 'Leabping Cycle Activities in High School
Chemistry" (Abraham et ai, ;986); "A Review bf Reseérch'
on Formaly Reéson}ng‘ and Science. Teachin@" (Lawson,
1985);.and "The Roie'of‘Physical Content: in ?iagetian
, Spatialv Tas&s:: Sex Differences in Spatial Knowledde?“
'(Golﬁeck, 1986) %llustrate some of Ehe.popula; ;heTes;
These‘titles\aiso_illustrate the North. American attgmpts

-, , ] '
' to turn Piagétian'concgpts into aﬁﬁ%arning theory with *
prbscribéd methodologies for curriculum develgpmeht'and
classroom instruction. Such themes and curfent research
methods Aiffer markédly from Piaget's originmal work. -
One of the reasons Piaget's concepts remained "uhknown" °

in North America was his non-traditional research
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!
~

methbds. Typically, experimeﬁtal research oé this
éontinent has concentrated on testing of hypotheses,
_controi of experimentallAvariables"ahd statisticgal
anaffsis of data. Piaget, in~ cdntrast, developed a

clinicél-deScrinive approach;. thldren'Weré“g;esented

with a task and Jere - interviewed individually.

Questions, were carefully selected and the responses of

thé children were noted. Varying the gquestions to suit
the individual responses, the researcher may have never

treated any two subjects the same.

In contrast, many science education projects have -

.developed paper and pencil tests to replace tu«
labourious personal interview approaches of Piaéet
(Blake, 1980; Repnmer, 1977; Tobin and Capie, 1980a).

Such tests allow researchers to sample complete

1

Classrooms or whélé schpol systehs; However such
techniques which diverge - widely from Piagetian
methodology and such wide-spreéd adoption of the
p;radigm\has given risé to some criticism.

B. Crificism of the Piagetian Orientation to Research

Hugh Munby has criticized the educational research .

community for adopting a Piagetian orientation to
résearch without questiong "if educational theory can

offer.little in the way of a syntactic¢ structure,. then

L 4

K

~~
¢ 1)
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novel theoretical approaches, such as "that of Pikget,
find their ways into sehoeis and curriculum‘unchallenged
by even a slight'systematic question" (Munby, -1986¢, bp.
127). ’Wnile Munby does not criticize the validiﬁy of
. Piaget's theory itself; he does express.concern that the
immense committment to 'Piagetian oriented research
. should be guestioned because:

1. It may not be appropriate to rspeak of .
developmental stages, and fhat this way of speaking
nay ‘be inconsistent with our: understanding of
development. |

2. The Piagetian research orientation.~is

somewhat at odds with Piaget's own holistic and

structuralistic view.

F

3. ‘Stated implications of this research

orientation could be in conflict. '

Munby's fifst concern is that it is probably just
as wrong to speak of discrete 'stages of cognitive
development as it is ~te speak of a rainbow being‘n
conposed of ai series of distinct, separate coleurs;‘
Just’ as there 1is no abrupt series of changes in
physiological maturing from infant teiadult,kso there

are no distinct stages in psychological growth.



19

"So the .temptation exists to take things:
quxte literally, to lose sight éf the syntax,
and to begin to award the notion of stages a
status it does not deserve, ' And, within the

fﬁcience education - context, it thus makes
certain sense to construct science curricula
and teaching strategies according to |,
definitive .stages and to what we might suppose
that children can logically manipulate within
-those stages." (Munby, 1984, p.130)

\

Munby's second area of concern 1is the conflict

-

between Ehe inherent reductionist nature of research and
tﬁé holistic view of Piaéet's theory. The basic premise
of‘ resear¢h is that,‘éll events may be reduced to an
explanation ofAthe state of fundamental particles; But

as Higginsbn (Munby, 1980) has noted:

"It has been estimated that in over half a
century of work 1in the field Piaget has
written the equivalent of fifty
five~-hundred-page books on child development.
All too often this edifice is reduced to an
oversimplified description of: 'four stages'
and educators scurry away to devise diagnostic
tests -apd means for aceélerating children
. through the stages. Hence one gets the ironic »
situation of having the holistic, constructive
Plaget1an position being - interpreted  'in
,reductlonlstlc terms with the major focus in
’ app11cat1on being on those activities children
. are unable to do."™ (p.132)

’

In summary, it is <clearly evident that the
Piagetian paradigm - of science eduction research has
stimulated research 1in science education into the

evaluation of “curricula and classroom instruction.
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' However the criticisms of Hugh Munby are important
considerations for both researcher and classroom
teacher. Specifically, the researcher must be aware of
Piaget's hplistic view of the conceptual development.PE:
the child. While the theories of cognitive development
offer some insight into how the student interprets the
classroomllearning environment and such instruments as
pencil and paper tests fo assess cognitive devglopment
are important and useful for evaluating the student's

thinking abilities, the researcher must be cautious to

" maintain the holistic view of the student.

C. A kationale for Inquiry Learning in Biology Projects

The Project Method of instruction began in. the
early 1900's as a method of ‘training agriculturalw
students in the_'practical arts of farming (Bleeke,
1968). From this begiﬁning "projects"” devéloped into
aécepted curricdlum‘ content. and classroom methodology
with fhe work of W. H. Kilpatrick, D. Sneedan, C. Mann,
and W. Whitman (Bleeke, 1968). The support for project
work continued wlith J; bewey (1938) and more recently

} -
E. Klinckman (197@0) and M. Mayer (1978) have emphasized,

the use of projects in the BSCS Biology Teacher's

Handbéoks. In the recent past, in Alberta science

curricula, the ethos of inquiry,iearning through student
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projects has been clearly supported (Alberta Edﬁcatiop,

1976, 1984), yet there are some indicatioﬁs from L. D.

\;

Anderson (1972), the Biology Evaluation Reéort (Alberta

Education, 1981) apd personal observations of ‘the author
that many teachers are abandoning independent,
student-centred, student-generatéd biology projects.

This section will attempt to offer a rationale for

‘inqui:y learning and show the support: of certain
: .

psychological .learning theories for inquiry teathing.‘

‘StudentA projects will then be defined and the

correlation between student projects and ' inquiry

learning will be examined. |

A rationale for inquiry learning

For many years science educators have agreed with

LT
. { -v'% .
N Ry . . : . .
J. Bkunne; (1961) that 1inquiry learning is an important

element of science teaching. Some, such as J. Schgéb
(1962,1969) and F. J. Rutherford (1964) have argued that
inquiry .skills are not merely a methodological
technique, but an integral part of the content O§

science:instruction. Today, most science teachers would

acknowledge the philosopical importance of inquiry as

~defined in the second edition of the Biology Teacher's

Handbook (Klinckman, 1978):
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Enquiry 1is 'defined as a set of activities
directed to solving an open number of related
problems to which the pupil has as his
principal focus a productive enterprise
leading to increased understanding and
application. (p. 27)

Despite the wide acceptance of the philosophy of

iry, ’'several researchers have noted a marked

difference between theory and practice. M. Gardner

»

to demonstrations and deskwork and

mattey to class control, DeRose (1979) relates

away from bkubject

the

findings of a NSF study which showsvthat the teaching of

inquiry is stifled by curriculums dominated by

éhe

textbook and even when teachers try inguiry techniques

there are a number of barriers such as inadequate time

blocks in . the schedule, shared <classrooms,

and

inadequate facilities which foster more passive text

book

oriented teaching styles, Hurd (1988) echoes

DeRose's conclusions, pointing out that only 18% of

(l97§f has noted tiends away from laboratory orientation*

laboratory assignments associated with the three most

commonly used textbooks were judged to be inquiry based.

(1981) comp%red the desired state of-. the domain

In a more recent study, W. Welch and associates

of

inquiry with actual status as evidenced by four studies

of

science education in the United States.

Appendix V for complete comparison). Although

(See

the
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results of this analysis further illustrate the
discrepancies between theory and practice, Welch and

associates firmly maintain that:

*a

- [

...Wwith regard to the content of science
courses, we still agree that, not only
knowledge of the products:. of scientific
inquiry but also the development of skill in
certain processes of scientific inquiry is
important for many stidengs. We also still
believe that some items 'of knowledge regarding
the natuge of scientific inquiry should be a
part of the conceptual baggage of all educated
citizens. And we still believe that an
important purpose of schooling is the
development of gemeyal inquiry - behaviors,
which includes problem solving, decision
making, and values clarification. (p. 44)

The third edition of the Biology Teacher's Handbook

(Mayer, 1978) emphasizes that students should actively

engage in their own learning. If they participate

- through inquiry learning, Ehey’aré“expected to manifest
ce;tain behaQiours:

1. Students will show a natural curiosity about

the living world with questions asking "how" and

"whyll .

2. Students will participate freely in class
discussions and express opinions and criticisms based
on substantial evidence rather than on pure

conjecture.

3. Students will show a willingness to subject:

4



themselves to criticism and evaluation of others.

4. Because of their involvement ‘with "doing
science" students will develop a more realistic
understanding of the nature of scientific endeavour
and knowledge.‘

5. Students will learn to show confidence in their
Qpecial abilities and satisfaction in the learning
activity. '

6. As contributing members bf\a ‘group, students

will respect the ideas of their peers and share and .

accept responsibility.

J. Nagalski (198¢) would add that any modern
curriculum should encourage students - to develop thé\_
ability to think critically.

L .

If our students are to survive in and adapt to

a swiftly changing social .and technical world,

they must have the ability to analyze

information, torarrive at logical conclusions,

and to act wisely based on these conclusions.

They must, 4in other words, be| creative and

critical thinkers.....How do hey get that

way? Through 1learning methods based Qn

inquiry. (p. 27) .~

A studydby I. Rodriquez and L. J. Bethel (1983) is
a8 good -example of how such objectives expressed above
can be achieved. They found participation in %ﬁaairy

science lessons had an overall positive effect on oral

communication and <classification skills of Mexican
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American bilinqual children.

The literature would suggest that a science
educator should attempt to implement inquiry techhiques
16 classroom learningf pailure to do so will mean that
students will not be exposea to the three main themes of
the domain of inquiry:

l. science process skills;

-

2. the nature of scientific inquiry; and

3. general inquiry processés (Welch et al, 1981).
. Within the theme of science procéss skills Welch
includes observing, measuring, seeing and seeking
solutions to problems, interpreting data, gengralizing,
and building and testing theoretical' models.il A more
detailed treatment and classroom guide to process skills
may be fobnd in the work of Nay and associates (1971).

Within the thleme of the nature of scientific

inqhiry, tﬁé student should examin® the epistemology_aof
science and learn how science inowle&ge is embedded in
the social and psychological coﬁtex;s of a human:
enterprise (Kuhn 1970). Welch and associates' (1981)
anaiysis indi;ates students do not recognize sdch
characteristics as the teﬂtativeness ‘of scientific
knowiedge ‘or the assumptions underlying scientific
inquiry. .

“

Within the theme of general inquiry Welch includes
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strategies as uses of evidence, logical

20

and

analogical reasoning, clarification of values,

decision-making, and safeqguards and customs of inquiry.

€

To restrict inquiry learning in the student's

)
environment is to deny the nature of science and ‘to

hamper = the growth and developm;nt of personal

v/cbmmunication, thinking and scientific process skills.

Biology projects as inquiry

What is a student oject and how does it diffeg

from a laboratory exercife or .class field trip and how

does a student proiject fulfill the objectives of inquiry

learning?

Belanger and Jacknicke (1978) outline

the

historical development of the definition of a project,

beginning with W. H. Kilpatrick's definition:

e

~

»

We understand the term project to refer to any
unit of purposeful experience, any instance of
purposeful activity where the dominating
purpose, as an inner urgé, (1) fixes the aim
of the action, (2) guides its process, and (3)
furnishes its drived, its inner motivation.
(p.3)

To this they add Huffmire's opinion that the project is

a "problem upon which. a student works" ({(p. 4) and

»

ashton's emphasis on the. project as,an "individual"

ffort.

3



27

Bleeke (i968) quotesdwk W. Charter'sqyien Eha!'ﬁhe
project is "considered to be an aet carried o to
cdmpletien ‘in its’ natural setting and. involving tne
sqlution)of a relatively complex problem"'and it is seen
to bé "an‘attempt tb return to' the eonbrete cpndit{ons'

:‘:J.,J . o .
of home educatlon from the abstract isolation of'”the

- school" (p. 49-50). An 1mportant element 1s added by C.

R. Mann when he emphas12es the compelllng interest of
‘the student £5 reach an understandlng- ' ' :

-~

aa

A desire to understand the meaning and use of
some fact, phenomenon, or experience. This
leads to questlons and problems. A conv1ct10n
that .it 1s worthwhile and p0551b1e to Secure
an’. undelstand1ng of the thlng in' . question. .
; This causes one  to work with an impelling
interest. . The 'gatherlng from experience,
books, and.+ experiments - of the neéded
informatlon,) and . the application -of %his-
‘information ‘to answer the question 1in hand.
(Bleeke, 1968, p. 22) :

Finally, the Student Proyect Handbook (Biology)
(1976) summarlzes 1ts deflnltlon with "Projects dmply a
_teachlng learnlng act1v1ty in which. the student learns

to 1earn on his own" (p .2)

‘For  the ‘purposest of tihis discussion’ the authoe

.

t . -
favours the definition of K. Adderley and associates

~

. k : " . A R .
(1975): = - . -

«
v

. A’ pxoject is ‘a 51gn1f1cant, practical unit of
actf\;ty hav1ng educatlonal value and aimed at

i
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one or more definite goals of understanding;
involves investigation and = solution of
problems and,” frequently, the use and
manipulation of physical materials; planned
and carried to completion by the pupils and

teachers in a natural "real-life" manner. (p.
1)

w

Further, although not all projects - will necessariiy
involve the manipulation of physical ‘materials; all

projects have the fdllbwing characteristics (Adderley et
al, 1975): e U
| 1. They invdlve. the: solution of a problem,
often,. though not necessarily, set by‘the student
himself. | |
2. They involve' initiative ‘by- the student or
. group Sf, students, and necessifate a variety of

educational activities.

3. They -commohly' re5u1t in  an end product
(thesis, dissertatiod, ~re§ort, dossier, design
vplané, computer progrémme model, oral report).
4. Work offen ‘goes on iur a bonsiaerabie length
of time ' though the time span may range f;oﬁ a
single afternoon to th:eevyeérs.
Sj,TeaChihg sééff are involved ia'ah advisdrﬁ,“
rathervthan an'authbritafian, role at any or all of
the stéges == initiatfon,»éonduct and conclﬁsion.l

For Adderley and associates,lévpgoject differs from
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a 1$borotory exéfoise or field trip in that the "out¢ome
of an éxercise is predicte bby a tutor and }s onder his
control whereas, in a project, the lqgtudent ois
responoible fot‘makiog decisions which affect what he

does" (p. 1) 'The two central characteristics which

»

‘dlStlanlSh | projects from ‘daily“ fgboratory
investigations seems to be‘thé'focus on student interest
and student control in the project and the

advisory-consultative role of the educator as opposed to

the authoritarian role of the teacher: or manual in the

i

;g@aboratory.
AR

The student blology progect would seem to be an

appropr1ate *opportunity . for. students to engage in

1nqu1ry learning. The student project-wo%ld seem to be
i : N P
a logical method for achieving the philosophy of inguiry

typified by Schwab (1962):

The potent1a1 scientist needs exposure to the
most completely open and unstructured,versions -°
;. of the enquiring curriculum. For ~&1m, the
'~ laboratory works which lgpecﬁles neither
yroblem nor method is t appropriate - one.
The classroom which rests most flrmly on the
uncertalntles, doubts, and difficulties  of
firsthand reports of investigation is one most
l1ke1y to evoke his competence and interest.
It is through the activities of invention,
analysis, and critical ﬁvaluation they afford-
- that he can participate in and be conditioned
to the v1c1551tudes of enquiry. (p. 190)

_ ; £
How well do ‘'student projects achieve inquiry

g
& =
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objectivesz,;yherg is ho sihple answer to tbig quesﬁion
since projects will vary with the capabiliﬁies of the
students and the commitment of the teaéhers, but the
.effectiveness of any inquiry activity can be assessed
using the model of Naf and associates (1970).. M. . Nay.
has #efined the "level" of inqu{ry by the degreé of
structuri@g;ofvthe scienée activity and the, amount of
guidance’ pg%vided by the teacher. A "low level™ of
inquiry is characterized by the teacher or fn#tkuctional
materials providing all instructions for the initiation
of an investigation, collection and analysis of data,
and coﬁceptualféation'of‘the data. A "high 'el"‘of

T

inquiry 1is characterized by ‘&> minimum of  teacher
o N - .‘_.,

direction and a  maximum 6f>s§gdethTnitiated-solutions‘

Eo problems~+nAéhqginvesgigation. fhg analysis of data
described » in Chapter IV'.foilows this éattern for
claésifying ;hé‘le&el of inquiry found 1in the Qioldgy
projects in this study. .

'. Typically, »tﬁe usualn ;school,-- "lab"" is a
confirmatory, illustragive type- of highly structurea
activity callﬁng for‘a low level of inquiiy. While the
daily lab activity need not be limited to a 10w level of
inquiry and theré.is n§ guarantee_that a teachef will
not hnpose’.a similar - degree of strﬁctgre to student

projects, the project mode offers-the4pot§ntial for a
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higher level of inquiry sparked by student motivation to

ydy a topic of personal interest.

f& The .rationale stressed so far for biélogy projects
JQMphasizes thét‘the student becomes more involved in his
own 1earning,' becbmes‘ mére enthusiastic about the
learning experience, dévélops certain scientific process
'skills and develops certain personal skills of
communication, learns through a high level of iqqd%?y
and' learns to inquire ihtb the prqceés» of 1inquiry
rtself. Addefley et al (1975). wpu;d add that 'the

?

~project method offers four advantages:

1.' Projects make the student responsible for his

own educatjion and promote a ‘relationship of

cooperation between teacher and student.

2. Projects provide the context for integration

1

of différent disciplines.

3. Projects'permit stdaents,to look deeply into

\

a field of knowledge.

4. Projects offer flexibility; students “can

pursue different interests - and personal

motivations.
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Problems encountered in inquiry teaching and student
projects _ -

As noted earlier, Welch and associates (1981)

describe a discrepancy betwééﬁlthe philosophical support
for inquiry teaching ‘and the actual practice in the
classroom. Welch quotes a study which estimates oh{y_ 
10% of class time is spent in inquify t:;ZFTﬁ”. 'Soﬁe
teachérs found ihquiry approaches difficult "to manage
with equipment and supplies too dlfflcult to get., Some
considered inquiry too dangerous for'poorly discipiinea
students. Many teachers felt inquiiy was too confusing
for all but the very bright students. - |
Some.objectt?ns raised to inquiry learning‘in the

Welch analysis ; focused on student and parent

expectations of schooling.  School was seen as .a

preparation‘for the next level; Junior High, High Scpool
or College. "Next year" knowlgdge was ‘more highly
‘valued than inquity skills and inqpiry methods wére
§iewed as an inefficient meth§d to.'acquiie that

kriowledge.

While éhere were barriers raised to inquiry
teaching by biock‘ time tables, .poor facilitigs, and
divergent goals.‘of students, teachers, parents, and
school administrators, tﬁe "greatest set of barriers to

the teacher support of inquiry seems to be its perceived

¢

|
\

\
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difficulty" (Welch et al, 1981,' P. 40) . In?dequate
teacher preparation seems to be a major‘ob;taclg to high
ievel inquiry in science education.
g Objections to the iaquiry aéproach and project work
are not new. As early as 1917 W. H. Kiléatrick was
replying to two objections raiéed égainst projects. To
the ch;rge that the project method was too slow,
Kilpaf:ick réplied'that the atfituae engendered in the
'student more than compénsated for the slower pace.
Second, projeét work.wéé considered too héphazafd ip.its
_approach to knowledge. Kilpatrick fesponded by saying
that nothing wés more haphazard than knowlédge which
. 4
lasts only to the time of examination (Bleeke, 1968).
Practical _pgoblems seemed to “be the focus of
teachers' responses to L. D. Anderson's study (1972).
Rﬁrél teachers felt that "inadequate reference material"
and "not enough project topics to give" students" were
" serious problems. Urban techers tendéd to regard "lackvb
of adequate space" and "insufficient biology background"

as considerable problems for their environments.

Written responses included:

Rural

Teacher 1load is too great to supervise
-®projects properly. R
A semester is too short to do a project
properly.
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The carryidg ‘but of projects becomes very
difficult in large classes.

Urban : ’

— >

It is almost impossible for” a teacher. to °
supervise several classes of students doing
projects and do it properly. ’

Students and teacher are continually
frustrated by. lerck of time, materials and
spacd.

Projects cause teachers extra work so they
cannot .spend time with pupil problems of a
more-  basic nature. '

Pupils have never been taught basic logic;
therefore deductive research is not done well.
Present financial and physical 1limitations
coupled with large class sizes make carrying
out projects difficult. In urban centres it
places ridiculous demands on teacher ' and
student -.ingenuity and time. There are many
more basic and relevant things which could be
done 'in schools. (p. 41-42)

In a study conducted ten years after Anderson's, similar
problems were still listed by teachers in the Biology

Evaluation Regort (1981). The three most often

mentioned probréhs.were:

Lack of materials, limited factlities, poor"

storage " - e

Time factor &

!
v

: . | -
Students are too immature; insufficient

background to do an effective joby.(p. 11) ©
Adderley and .associates summarized the main

advantageS' and disadvantages of the student projects
: : o

«

(See'Appendix V) and concluded that the chief problem

L4
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waslthe difficulty of assessment. Essentially, does the
teacher assess the end project against some absolute
criterion ‘'of scientific research or measure the
individual student's progress and evaluéte the personal

)

growth of each student? Adderley et al feel the
assessment process, regardless of criterfa, may offset
the benefits of feedback and cooperation between student

and teacher.



III. Experimental Procedures and Design
|
A. Introduction . : o -

The study used three test instruments ahd recorded
interviews to <collect data on Piagétian cognitive
developmental levels and student perceptions of the
learning experience of Biology 30‘Student Projects.

The development of the - three ‘test .instruments is
discﬁsséd in this chapter as well as the statistical and
énélytical techniques used to analyze the data are

discussed. r

B. The Sample ’

Subjects were drawn from intact Biology 30 classes

*

which were completing biology ‘projects in: the second

semesler of the 1982-83 school year in seven rural
Alberta schools. Tﬁe schools'ﬁere determined by random
‘ection of tw‘ehty‘ higﬁ schools in“ a ‘tv‘Jo—hundred
kilometre radius“ of Edmoh£on, Alberta, Biology 3@
teachers in.'thege schopis were contacted by rphone to
solicit their cooperatian with the study. Nine téachers
volunteered to participate. One _school was uged as a
-pilot, céincq students had already completed their

projects in the previous 'fall semester,” to check and

improve the test instruments. One school was eventually

.36
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rejected when the class time available was .found to be
inadequate for the study. The results which follow in
Chapter IV represent the data collected in the remaining
seven rural ;chools. The total number sampled was 110,
but\any student born prior to 1960 was eliminated from
the data carcqlations,“ resulting in a final %ipple
population of 107. Table I indicates the age and gender .
composition of the final sample population. Note thap
the mean age of lé.S would be within fhe expected agé
range for grade 12 students in the laté spring.
| TaBle I
Age and Gender Data
for
Sample Population
Males 47
Females 60
Age Range 17 to 22
Mean Age 18.5
Most ~of the schools were located in towns of
\populatidns around 1280 to 5000 and the "typical" school

T o
could be characterized as having a high school

-population of approximately 158 students in a school

which included gra@es l to 12, Class sizes were émall,

”
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rahging from 2 to 25.

C. Instrumentation !

The Test of Logical Thinking (TOLT), the Student

»

-~
Perceptions Instrument (SPI) and the Inventory of

? . 4
Processes in Scientific Iﬁﬁuiry (IPSI) were administered

to students to obtain the quantitativ? data collected in
this study. The sentence completion portion of the‘jQ;I
and the tape recorded -interviews sampled the study
population for qualitative data on the.biologf p;oject
process. - |

In the eighty minutes used to ad@inister the

battery of three tests to each biology 38 class, the

first test given was the Test of Logical ThinkKing. The

original test instrument designed by Tobin and Capie
(1981) was modified only by the substitution of the word
"mass" for the word ;weight"‘to_correspond to the SI
conventions used in Alberta ;ducation,sciende curricula.
.Guidelides' for administering the instrument were
‘ pfovided by the test authors. Before beginning the teét
students were given a‘short demonstration of a swinging
pendulum made with a biece of string and several large .
washers. They were told this would relate to questiéns

on the test, f

In accordance with the guidelines the students were
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advised when ts)begin each question. ' Three minutes per
question were allowed.for questions one through eight
inclusive, and six minutes per question were allowed for
questions nine and ten. Students could work ahead, but
were alvised -not to dg so. At the end of each alloted

time period students were advised to begin the next

question., Total administration time was 4@ minutes. To

score the student responses for quest1ons one to elght,
a value of 1 was given if both the answer and the reason
were correct, while a value of # was given if eithe: the

answer or the reason was wrong. Questions nine and ten
. '

were given a value of 1 if all pqss}ble com@inations

were given corfectly and a value of @ if there was any

error iq the answer. The scores for the ten gquestions

were summed to give a studént‘s‘scbré in the range @ to

10.

The Student Perceptions Instrument was administered

to students as the second test in the series. This

questionnaire used Likert scales to obt first basic
data such as name, ‘g;te,mvgénder and oréanizational
information on the structure of the project prdcess and
then sampled student opinion on the value of the project
experience, Initially students were lead ih;ough the

information section of the SPI with definitions given

for each of the organizational categories as follows:



1. Group Size:
(a) Individual: The student
worked on the project by herself.

(b) Small  Group: The

student worked on. the project as a member of a

group of two, three or four. None of the

classes studied used larger than four.

(c) . The‘project was
carried out centred a problem .being
examined by the whole class. Initially this
definition was intended to include  the
possibility of small groups ‘of students
executing specific tasks to contribute to a

joint problem. In practice, the author found

"class" projects centred on one prch’em

statement with 'all students doing the same
tasks at the same time.
2. Statément of the Problem: -

(a) Me: The student was

‘instructed to indicate this response if the

problem conception/,was essentially her own.
The instructions indicated that teacher input
to modify thg problem statement was expected

but that the’idea was the student's own.

40
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\ 4
(b) ° Together: The student
» ’ .

was instructed to indicate this response if

the ‘problem 'statement was Bhe result fgaf

consultation with one or gore partners in the

project. This response was tied to the "small

group" response above. ’

‘ . (&) Teacher: Regardless of
how many people participated ‘in the project,
\. o ' ‘ ' k

*
prov1ded the student w1th the toplc and theme

of the prOJect. : ",' - RN

¢

3. Time:

A

estimate the total number of hours spent on

' ’ : %
setup, data coPlectionhand analysis, and final
report“writeup; R Con
o R : :
4, Project Mark:

Students were asked to 1@d1cate what

this response was used to indicate. the teacher

Students were 1nstructed to-

I ;ﬁt

A

'all aspects of the progect. The time was to

"1ncludep‘_1l 11brary research, experimentaly

mark they felt they should vrece;ve on thelr‘

progect work In»most cases the students had

not yet recelved thelr prOJect marks from the

teacher. In at-least one. class they knew gaii

& 4

)

rgrade awarded by the teacher‘but were advised

i
1
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to ‘Stilb/ follbw the: guideline of their
estimation of the project gfade. come
S. Course Grade:.

5y
Again students were asked to give
itheir estimate of the final grade they would |

o

reéeive for the Biology 30 course. The pilot

students were the only"gréﬁp who knew their
‘ finali fesults since they had finished the -

course in’ the pfevibﬁs semester, but their

" data was not included in the analysis detailed

” <

§ in Chapter 4. E
s | < ;

6 Percentage of Time Spent on Project
N q -

i

© Students were advised to estimate

_of -their time was spent in  the

sweXperiments

7 literaturg research

gt 7 “stollection of specimens

‘mcdel construction

Model construction was defined as  the
~production of any- sttucture or working
| ratu rept A bi i :
apparatus to represent biological structure,

organ  or process or to simulate a physical

Y

‘process described in the project. Some
=

" -



sentences. They were encouraged to define the problem
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students, for ‘inetance,J produced simulations

of solar héated'struotgres, while one student

mounted afbeaVer pelt eno"fteconstructed “the

animal's skeletonl B

7.  Students were oiVen approximétely five
minotes to describe their project iﬁ a very few
. . .
examined and the hypotpe@is formulated. These summaries
were used along with the numerical data from items one

to six abgve to judge the organizational categories and.

the level of inquiry referred to in Chapter IV.

Following  the description. and completion of the

. ' 0
information section of the SPI, whlch usually took about

e

o

\ :
18._minutes, students were advised to complete the
questionnaire section | of the . instrument. It was
! ! &
emphasized th were to indicate their personal opinion.

N
As with the instructioquto all phases of the testing

-

procedure students. were advised that - at no time ‘Nould
e

their responses be shoWh to’ the%J~éspbject teacher or

school administratxon.‘ g
g Qx v

“tér asﬁed any questlons whjle completlng

Students;

the\Zﬁ questloﬁk of the: &PI, whlch usually took about 6

Téo 8 m1n&%es." ) S o

- o

The 206 items of the SPI were wrltten by the aﬁthon

and all reflect value judgements. on the ég?he of the
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biology project as a learning experience. 'Some items

were sdggested by the Biology Bvalua;ion Repo}t (Alberta
wfducation; 1981) , such as question. #7, "The biology

project was the most interesting academic activity I

: LA S L gt ‘
havte done in high 'schgel®(“Whigh comes from a student
L i A '

e,y.'v-j.

vt

response quoted in the A question like #14,

"The "biology project sllowed me to explore in detail

something in the class that caught my interest" . comes

from the opinion of teachers in the 1981 survey that

thif is one of the educational values of individual

)

'#vgdent research.
Other SPI items were designed to test assumptions
he author has held.about the value of project learhing.‘

.

'ruafhese include: o ; R

™ 8 B ) . .
1. Projects are frustrating to do but give the

- std%entf a sénse," of achievemént and
éelf-confidence'when‘the student perserves and
completes the task. - .

2. Projgcts. should be stored, in the school
library orbthe‘bioldgy classroom as . examples-
and models. for. future studéntsl

3. It is»poSsiblé_for students td do ofiginal
researcﬁ that educates the teacher as weii as

" the étudent.

A. The proje’ét sfhoUld be an opportunity for
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the stﬁdent|to exercise decisions that affect
hfé ewn'vedUcation and shoula Yprovide the
epportunlty for the student “to view the
natural consequences of his decisions.
Some items were alsd suggested by the basic

definition of a'projeet given by Adderley et al (1975):

"A project is a significant, practical unit of

v activity having educational.value and aimed at

one or more definite goals of understanding;

involves investigation and solution . of

‘problems and, fré&quently, the d?& and

manipulation of ‘physical ‘materials; - planned

and carried to completu&n by the puplls and-
teachers in a natural-*'yeal- life' manner.

“’ "h h H : \

»

&
Th1s definition contrlbuted to - such quest10n§ as

‘#14 "The biology pro;ect gllowed me to explore in detall
1 } \

somethlng in the class that caught my 1nterést " \

3

Adderley further characterizes ‘a project s
involving Minitiative by " the nstﬁdent" where .the
"teaching staff are EnVOlved in an advisory;, rather than
;n.authotitarian} role at any or all of the stages --

‘initiation, conduct and conclus1on"‘ Thls definition

'rsuggested quest1onna1re items that focused oh students'

+

perceptlons of the degree of control they exerc1sed in
the project experlence,‘ such as questlon“ #5, fI‘ was
‘allowed to make my ang decisions in the ©biology:

prdject".
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&

finally,A some questionsi were 1included to seé if
students counted the project experience as a valuable or
useful exercise, hence questions such as #20, "The
biology prqject_was a wasté of my time" or question #16,
“I feel what i learned ip "the pfoject w;s wor th ghé
effort”.
%. Studentslresponded to the'twenty items on the SPI by
indicéting their cho}ce of "Strongly . Agree", "Agree",
B"Disagfee",' or "Stféngly’ Disagree“.‘ The - completed

questionnaires were later scored with a value of 4

assigned to "Strongly Agree"' down to 'a value of 1

assigned to “Strongly Disagree". For questions #10 and

#20 where the logic of the question was the reverse of
the others in the set, the values assigned were reversed

'since a response of "Strongly Disagree™ to the question

."The biology project was a waste of my time." ‘was-

considered to be a positive response. The scores for
the twenﬁy items were sgmméd to give a student's total
score innythe range 20 to 80. A high total score was
considered té indicate a high dégree of student
’%satisfaction with thé Qrpject experience while a low
‘‘total score . was taken as an indication of - little

satisfaction with the project épproach to learning.

- The Inventory of Processes in Scientific Inguiry was

the third and final testvadministered_to students
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(See Appendix III .for a co§y oﬁ the ihstrument). Thi;_
instrument was adapted by the author from an extensive
‘list of processes developed by Nay and associates
(1971). From the many listed‘bf Nay the author chose
;Qenty items felt to be most pertinent to the grade 12
“biology project. Students were asked to indiqate on a

three-point scale to what degree they felt the process

‘

had been learned in their project from "Not Learned

" Well" to "Learned Well". A foyrth choice was prd ‘

indicating this item was "Not ‘Applicable" to -
student's experience with that particular project. It
- soon became aéparent as the sampling progressed that the
"NA" category was used by students to indicate "Not
Dpne" or "Not Used".

The items were scored upon cbmpletion by assigning
~a value of 1 to "Not Learned Well" through'to a value of
3 for . "Learned Well", with 'a- value of ¢ assighed to
"NA"; The individual scores for the twenty items were
summed for each student to give 1'a' toﬁal score, The
range of possible»tgtals-was from 3 to 6. A high total
score was taken as é-measdﬁe of a ﬁéqh-level of inquiry
as perceived' by the student. A low total score was'”
taken to indicate few processes off scientific inquiry
Qere perceived by,ihe student to have been inciuded in

the biqlogy project learning experience,

[
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K

‘The sentence completion section on the last page of

the IPSI instrument was an attempt to collect some
qdélitative impressions of what it means ‘to do {i
project, All iteﬁs were designed by the author and
centred around these main themes:

1. What are the most difficult ,stages of.. a
pfoject?

2. . How can a teacher help in the project process?

3. What did the student think she learned?

4, Did the student perceive any resources that

would. have improved the projeét procesé?

. Analysis of the student responses to these items 'is

*

provided 'in Chapter V.

eem
" D. Data Collectidn

Seven plasses of Biology 340, exclusiveﬁof‘the pilot
group, from school jurisdictions surrounding the city of
'Edmonton participéted in the study. The distribution by
gender Qas,already givenmin Table I. |

,

The teéts were administered by appointment with the
cpoperatibg Eeachers during the period from mid-April to
1ate-J1;:hej. This was near or at the end of tt&ﬁecondv
semester of the school year. All students participating
in the study had qut completed ofuwere near completion

of the prdject in that semester.
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All tests were administered by thelresearcher in a
single B8@0-minute session with the éoopérating teachef 2
absent. ‘The 'tests were administered in the order:

Test of Ldgical Thinking
Student Pe;ceptions Instrument

Inventory of Processes in Scientific Inquiry

All students completed all test items within the
time allotted. Students recorded their reséonsés
directly on the test instruments. The researcher scored
the responses ditéctly onto the test instruments. The
scores were then transcribeé by a keypunch operator onto
keypunch cards for batch analysis by Amdahl computer at
the University of Alberta, Computing Services Division.

The raw scorés for all the test items were used in
the analysis of data. |

The qualitative data provided by the ‘§entence
completion éxerciée was summarized under each question
by the researcher who_then analyzed the responses for
re-otcurring words, phrases and tHemes.

In a'similar manner thé data from the tape recorded
interviews was reviewed both for re-occurring themes and
for unique student perceptions. A verbatim transcript of

one interview was produced to provide a detailed example

of this type of data. .
o
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E. Statistical Procedures
All statistical procedures used in this study were

taken from Norman H. Nie et al, Statistical Package for
L]

the Social ScienCes (SPSS) (1975) and executed on the
Amdahl computer  of the University of Alberta.
F .
Frequencie§ were generated for all items on each

A

test 1nstrument and "for gender and b1rthdate data and

these may be found 1n the app:oprlate appendix for each
test instrument. ‘
For all other analysis of the quantitative data

Pearson Correlations were used. o
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IV. R@sults and Discussion

A. Inttdduction

|

This chapter discusses the results of the

-8tatistical analysis of the quantitative data obtained

from the three test instruments: the Student Perceptions

4
Instrument (SPI), the Inventory of Processes vin
Scientific 1Inquiry (IPSI) and the Test of Logical

Thinking (TOLT). The first section considers the

distribution of concrete versus ‘formal operational

subjects found in the study as determined by the TOLT.

‘The next four sections deal with the relationships

between Piagetian cognitive developmental levels and

student perceptions of their satisfaction with the"

bio}ogy 30 project and the value of the project

@

~ -
experience, cognitive developmental level and gender,

and student perceptions of the biology project and

gender.

The rehaining two sections of the chapter discuss
the relationships between biology 30 projécts“and_'the
levei of' inquiry found in . the p;ojects and the

organizational strluctures of the'projectb

B. Piagetian Cognitive Developmental Levels and " the
Study Subjects -

Chiapetta notes that a number of studies intended

L

51
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to assess the developmenﬁal levels of students have been

undertaken by several researchers such as McKinnon and

’Rénner in 1971, Lawson and Blake in 1974, Juraschek in

1974, and Chiappetta and wWhitfield in 1974 (Chiappetta,

1976) . Their general findinés» seem. to indicate mogt
adolescents and ybung adults haQe not atFained the
!formal operational stage of cognitive development. The
ranges regorted for students at the concrete operational
le;el wer; between 77 to 83.4% for junior high <€chool
students, 22 toi85.8% for high school stddents and‘@ to
52% for college students'(Chiappetta, 1976). These data
illustrate a ;;rked variation from the theoretical age
;ﬁf 15 to 16 years fof formal operatioﬁ%l“ thinking
'suggested by Piagét'svstudies.
In contrast to'thé abgve daté this study found 87%

of thé students in the ‘grade 12 classes sampled were
found to'be fo{mil operational thinkers as ?etermiagd_by—

4

the TOLT (Table II).

C. ,Piagefian Cognitive Developﬁentél Levels and Student
Satisfaction with a Biology Project, " 4

To examine the relationship) between cognitivg
developmental level and student perceptions of
satisfaction ’with‘ the biology 30 project a

crosstabulation of TOLT scores .with SPI scores was

T
L -

i
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employed.. According to the manual ?ir the TOLT a total
score® of 4. or more would correspond to a formal
operational level. The data were fherefo:e so;ted in
two ranges, @ to 3 and 4 to 10,.which were interpregz:
as concrete operational and formSI 6perational stages,
reséectively; For the SPI frequency distribui}on ‘the

author "choose to ordanize each student's total score

into four ranges: @ to,2@, 21 to 40, 41 to 6@, and .61 to

80. Table II below shows the , frequency distribution

obtaihed.

R

TR
: . . . S
were interpreted as progressively higher degress- of%

satisfaction, Results in Table I[I show ;:hg

concrete and formational ogefational students indik

a h;gh degree of satisfaction with the biology pro‘eci'”‘

=

*



+~* (Formal)

Totals

- - — - -

Chi.Squa:e = 8.3

Significance = 9,02

) 54
Table II
CrosstaBulations of TOLT by SPI .
n (V) l .
SPI.TOTALS ‘
6-20 21-48  41-60 61-8¢ Totals .
T Tttt """"'"'""'"""""’,:"'
° N  £{ '
9 e 6 ¢ + g 14
(9) (6) . (5.6) (7.5) (13.1)
.
9 5 68 20 93
@) , (4.7 (63.5) (18.7) (86.9)
) s 74 28 187
(@) (4.7) (69.2) (26.2)  (100.9)
- o - o e o o e 0 s v (..., ..................
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/it Tablet‘IIi.,eontinuesL.oo »ekamine the re;atlonshlp
‘»Setween eogniéive‘deVelopmentaL level (TOLT)‘and student
. satlsfactloo~(SPI), but; whereas Table II examined total
vSPI scores, Table ni! examlnes those specific SPI 1tems
,whlch showed 51gn1f1cant correlat;;ns ;(é = @.05) w15h
‘coqnltlve developmental leQei o - . h

. .. Tmable r .

'Correfations of Student Perceptions-

o ofeProject Satisfaction (SPI)
. S ) c. . s I
t with - . .
. ;‘.. o L - : - |
; Cognitive Developmental Level (TOLT)
} “ . (p = 0.05) .
¥ '“V ‘}.' .
T Tt g U NS e i e —————
; o ‘ o s PR -
spr ITEM ! - e “CORRELATIONS
R - 4 :
______________________ S mmmmmm—m e m i m— e mm = e
K]
g .
The blology pro;ect was the most
'1nterest1ng academlc act1v1ty I .
. have done im 9lgh schdol - o -0.29
w ' . 3 » : ’
1 worked hard on my project. © . -0.20
T s | SN
My teecheryleetned‘something about
_biolqgy from my project. - E’ » -0.22
7 L . - . . ~— . o .



~correlations with TOLT scotes.’

Only  three  SPI  items

negaﬁive correlations indicate students with higher TOLT ,-
scores ascribe less positive feelings ab&ﬁt particular

aspects qf‘the value‘df the project. It is interesting

" to note the negative correlation of the first item: "The

biology project was the most interesting . academic

acﬂﬁyity’fl have done in high school". This item was

included in the SPI since it was a direct quote given on

the Biology Evaluation /Report (Alberta Education, 1981).

Q@

This opinion expressed]ﬁy a étudent~impressed the report
authors and ‘was offeqéd as one rétionale_fqr,retaining
Ij'

.biology projects."ﬂf

It is also worth’ noting that students with high

"'TOLT‘scores tended /ko-think that a teacher would not

~lgarn an§ biology fﬁom‘their'projeét efforté.
‘- | A :

{

.
L -

» [

D.w 1aget1an Cognftlve Developmental Levels and Student_
Percept1ons J% the Value of Biology PIOJeCtS

Table fV examines ‘-the trelatlonshlp between
cogn1t1ve'“devglopmental 1evél‘ (TOLT% and.  individual

eitemg respresentative of inquiry processes (IPSI).

¥
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Table IV
Pearson Correlations of Cognitivé’vaaﬂopmental Level .
S (ToLT) . .

3]
. . .

4

Inventory of Processes in Scientific Inquiry (IPSI)

(p = G.dS)
e e e e ———————— i m i i
I'A '. ] ’ ) w \
IPSI ITEMS - © CORRELATIONS -
"In my bioiogy‘project I learned -
"some of the following skills:"
-~ ) % . . : ‘
How to mgke predictions. ‘ -0.18 : :
How to make.an hypothesis. ‘ ’ o -0.17
) IR | : D
"How to obtain semi<quantitative and = T
quantitative data by measuring, o , a
reading %cales, calibrating,
¢ounting/ objects or events,
estimating or apptoximating. .. -@.18
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- Yy

The three correlations which were significant #(p =
9.05) were all negative. Students oﬁérating at a formal

operational level did not . peréeivéh that the project

-

- experience had taught them to petform three important
 inqui;y processes; how to make predictions, how to form

‘:=an_hypotheéis, and how to quantify data. |

[

'
O |

E. Piagetian Cognitive‘Develophental Levels and Gender
. k Analysis of TOLTkscores versus gender of“thé sthdent
‘indicates there is nﬂ—gigﬁifiéant'difference between the

. ) . ] ' , .
cognitive . developmental levels of a student and the

, “génder of the sﬁudent. (p = @.085)

v

F. "Student Pérceptibns“‘of the Biology 'Project and

Gender

oy

Table V vexamides the relatiohshiPS' between the

.. gender of the student and student satisfaction with th>
. N . ° . TN _
project (SPI). For the purposes of-  the data analySes
< . .. 9 - 3 . o
‘male "students were assidghed a Val&éqﬁo;ffl and female

F g o "

~students a value of 2. Positive g¥rre@lations are then

A

\interpreted to indicate a gredteivpreférence for- test

»

"“items by female students. , .

> .8 '@
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o : T Table V
Wy , .
&. Pearson Correlations of Gender®
R e ) 1 w1th

Student Percept1dhs of PrOJect Satlsfactlon (SPI)

1)

“@;; | (p = 0. 05)
—'&————Tn ————————————— .\d\ —————————————————————— - —— ————— -~
SPI ITEMS 3 _CORRELATIONS
——————— T R S e e e S S m S S e
"‘\y ) *} .
£, v
N N 4
1 found the biology project to be g
an 1nterest1ng way to learn. ' ‘ 8.17
-1 would lgke to see my project report
kept in the school library. ; @.19
I workad/%ard .on my project. . . “ ' g.24
' v

It is p0551ble for a student to

do or191nal research that produces .

new science knowledge. o 0.24 -
1 thlnk the project approach to

ledrning “taught mé some thlngs

that wWere, mnot included in tpe

regular class lessons. ‘ . ©@.18

~----—+-—;:-_,_5—— _______________________ N —————— :
Male = 1. Female = 2 o ’
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Generally, the resu}ts in Table‘y show that female
students indicézé more satisfaction with the biology
project than did the males. Given the present concern
in science education for encouraging éiris to remain in
science aﬁd math courses it is significant to n;te that
girls found the biology‘projecf'an interes;ing way to

.wlearn; with some learnings which were not ‘included in.
STy . ’ y 'w

PR '

“*"regqular classes;'to~a degree,of}satisféétion.where the
students felt the project report should be preserved in
the school library,‘

Table VI confinqes to examine if there are different
perceptions>of the project experience based on gender by
éxamining the relationships.‘betweeh gender and{ the

processes of .inquiry learned in the project (IPSI).

@)
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‘ Table VI
s ‘Pga}son Corteiaﬁions of Gender*
* | | with
‘Student Percéptions of Prqceséés of Inquiry'
Learned in t%e Biology Project (IPSI)
(p = 0.05)

ot s s s o o o s i o e o >

IPSI ITEMS CORRELATIONS

In my biology prdject I learned: - o

How to devise a method for

recording data, g.24

How to do field work and/or ;

perform an experiment. - . 0.16 S

How to record data. . ' 7.22 L.
‘ N y

How to represent my data with
graphs, charts, maps, diagrams
photographs, or films. - o 2.17

.

- o WD . o N U s W S S D W W m R G e T W D S G TN G . M - G - e S T WD G . G -
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. Female students in the sample felt more positive
about thef}garning'value of the. project in the.key area
of -reco:é?&@ experimental data. éérhaps even more
significant, aégin in ,liégp, of the  concern over
involving girls  in- science .education, “the female
sfudents.felt positive about‘learning how to do field
studies and exéerimehts. |

W

Py

' G.'. Student Perceptioﬁs éf‘?the Biology Project and
Project Organization ‘ o

The types of studeht projects encountered in the
study are summarized iﬁ T;ble VII. The high_percentage
~of projects devoted lgo' human physiology reflects the
emphasis of this topic in the Biology 3@ c¢urriculum.
Projects which were classified as "contemporary issues"
included: °wind energy, sewage treatment, solar energy,
smoking as a pollﬁﬁant, artificial ahd natural .food
preservatives, reforestation, and eutrophicétiohl For
~g£he CAI/Gengtiés project ﬁhe ‘teacher asked groups iof
studenté to prodgcejS: computer program .to demonstrate
protein synthesis and the action of the DNA molecule.
None of the projecéé involved field trips, although one

' teacher related an” incdident where two students ‘were

.locked into the University of Alberta library late one

,night'while searcbihg for references for their ecology
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\
project! There was little ' evidence that students
~consulted any community resoqrcesrguch as local public
health nurses, fish and game personnel or other

biological ,sciences occupations.
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B! Table VII
‘Type% of Biology 3@ Projects
Found in Seven Rural Albérta School§
T e e
Type of'Projecg‘ ,g . Number of étgdents )
U T S S -
Huhan‘Physiology | h +29 | ” ' 27
Contemporary Issues o 22 ”xr v ZO
quman Disease | 25 u 23
CAI /Genetics | 11 10
._-Egology 5 - . 5.
Plant Physioldgy ' E 5 o ' 5
Cell Physi&logy ) 3 ‘ 3
- Nutrition : . 2 ,\ .2
"Embryolo§y S| ~ 1
Repiodﬁction | 1 . 1
Psychology_ } ’ ' 1 o 1
Animal Physiology ' 1 | 1
~ Taxonomy o1 : : 1
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Téble VIIi shows the organization of Biology" 39
projects found in the study. Data for this analysis 'was
provided Sy each student on the first pages'ofvthe‘sél
instrument. Table VIII summarizes the frequénéiés found
in the student p;ojeétsl‘for three’ organizatio?al
criteria:
l. Group size: Students were asked to indicate if -
they did their poject alohe, as a member of a small
group of two or three students or as a participant
in a class-centred project, Thé author found no
small groups of more than two students, so "smali
group" could actually be interpeted as "pairs".
+2. Problem formulation: Students were asked to
.indicate if the' problem for their project was
formulated = by lthemselves, formulated in
consultation with oéher members of a small group,
.0or provided by the teacher.' |
3. Number of hours: Students ~were asked to
indicate the total number ‘of"hours required to
complete thg project. Students were 1instructed
that this time included all planning and report

writing time.
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Table VIII
Organization of Biology 3@ Projects in the Study
- ) [ /

- . . - e WDy - WD - . T D D e D e D e s e e S N Ay R e ek W g e o v e

Categories ‘ Percentage of Students
(Number of students)

- - - T - "y o Ty > U it T wm v Saa W = e M T R n Gm S A TR o Ny - —— - - o - -

Group size:

Individuals St 39% (42)
small group X 8% (49)

Class , . 23% ~(25)

Prqblem formulated,by:

Student 21% (23)
With partners ) 18% (19)
Teacher | o ‘613 (61)

Number of hours to

complete project:

5 o S 18% (11)
) .

19 | : 39%  (42)

15 | 20%  (21)

20- S \ 6% (1)

25 : | - 6% (6)

Over 25 ’ ©19%  (29)

D - — - — — - T . T —— - — - — - — - - W W, “ wp wn ——

Approximately 1/4 of the projects were conducted by _



the ciaps as a whole. The remainder of the projects
were divided almost equally between individual efforts
and small group projects. Although not reflected in the
above table the majorityv of the small groups were

partnerships of two students.

Most proklems were defined by the teacher; only

about 40% were aefined by the student, either alone or
in consultation with group pértners.

&hile the curriculum at the time of the study
prescribed 25 hours for the project in Biology 390,
approximately 50% of the projects saqpled were completed
in lb hours or less. Only 1 projéct in 5 required more

than 25 hours. Although not indicated in the above
Eablef most projects wére done in about a two-week
‘period.

Table IX indicates the distribution of time in the
Biology 3@ project accdééing »to catégories which the
researcher determined could Se elements of most biology
projects. Stﬁdénts@ were ~asked to iﬁdicate _ the
peicentége of time spent on the four " categories of
activity.. The numbers in each column ’represent the

- number of gtudents who indicateavthe proportion of time

-

spent in‘each‘ca;ggory., ' ,

P

I S
"

»
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Table IX .

Pr&portions oé;g}me Spent'On_Somé»Project Activitieé'

------- af?i“""“'f"“““‘“*‘“‘f“"“""“""f"‘;»

Activity : Percentage of Project

0-25 26-50 51-75 76-100

Students detemmiﬁgﬁ the‘

‘prOJect*was cngOSed -gf ¢

l*q

S I . :
Exﬁérxments ‘r Ry 82 18 6 1
therairte RQSearch ' 24 2% ;34 22
. , .
Modél Consgxuctxon . 94 4 8 1
Collect;bn of Spec1mens : 105 x _lﬂ 1 s g
“r sl F . )
"""""_“"‘— ------ r J“"gL"g.‘“"-"* ————— P e
S, - LI T ;
N,= 177, ° RS .
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Table IX«clearly indicates a Very‘small percentage w
SN ' ‘ ' " " ' '

. of the 'time spent _on ;the projects was used for
C ,«. S Y
collecthw(/ggi data from exper1mentat1on ~fpnly 7

‘students (7% gﬁrthe sample) 1nd1cated they spent more

vthan 50% of the t1me on experlments.‘ OnlyaQ students’

‘ . LR
l.spent any tlme ‘on collectlon of spec1me?£.and 94 (:88%)
. ¥
1nd1cated they spent less than 25% of the tlme on model

[}
"oonstruct1on.< By far the majorlty of student pro;ects

>

fconcentrated on’ 11terature reseq\ch ' More than half the

progects//(SG respondents) spent 'more than 50% of the

pro;ect. t}mebﬂpn- 11teracure -researoh. Thls strong
.emphasispin 'stugent progects onilibra;§ resé%rch shows .
;qumel'interesti B éorrelations ;rn Table‘ X \with,"IPSI ‘
‘_fuéﬁs.b_:l : l' L B {:7 ” BT PO
. v A R

. Table ‘x examlnes the 1elationships between_,the
‘elements of progect organﬁzatlon fougd‘the 1n the study

and thev-ltems of the Inve%tory_- of Processes in

sdientifjc Inqu1ty~(IP§I). k‘d, B i‘*.a S gpvp‘ -

N i £ . - - -
. ) L r . . . - . :
. s B I . . . . B g .
¥ ' ' - . € . . . ) .
o v K . A \ - . R

J X .
~ . ':.@ .- : . s e B U e
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Table. X S ".n'l‘ » ?
Correlatxons of. Pro;ect Organxzat1on with A o ftﬁﬁ 3i3$
v the Inventory of Processes in 5c1ent1f1c Inqulry , T
oo Y (pes. 85) L —
) R . -
'Inventoty ¥, f IR L; . Time . Problem EXpts. ‘Li;ézaéﬁte o
Categdry"wk' o SRR - S V T Reséé;éh‘ |
L LS SRS :
problem for study. A ) @.21 ~0.35 g.23 {9.20 ‘
How;to read-science » | . | ) - i B B B ; o o
Journals for L. .k\h U R N : ‘ o :

- How to consult people ' e ¥ 'g"‘ , L
with scxence knowledge ‘y S ) 8.39

1nformatxon. ; ’ fwi%{.” ,‘ % ﬁmw ; . kr’ | I ..-w

‘How to make predxctxons .. 98.28 8,22 . @8.43 : «0.27

How to make én S . N o ' . .
hypothe51s. .22 c ‘9.45 -@.31
How Eo deflne the . . -
independent, dependent % AU o ) )
~and controlled variables. LIRERE - P & S S B.320 7 -0.25

S ' -
How to define the - o R . .
‘procedure and.work out . - e . ' ‘
the. sequence. ‘of steps ' T . ..
for the pzoceduze. .o CoL T e T 9.8 . -~ -#.39

How ‘to Ldentxfy ‘the needed Sl o L S R
“equipment, materials and. 4 - Lo L P : : e
technxques.~‘i\ . 8.25 - o S s 8235

~ How to identify. safecy R
-precaut1ons. ’

f How ‘to devise a method S LA SR
for recordlng data . . .20 . . : 8.137
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. Table X continued /
- i 2t v - > o *—————-——————f———. --------- - P S s - - /o = o -
Inventory ° Time Problem Expts. Litgrature
Category : ‘ : ' ) : Research -
- oy - - - n T " - G - - - —— e S S . o W . g T ——L-~ ———————————— -
How to collect, cohstruct ; |
and set up apparatus ot~ ’ ’ Rt : { 3
equipment. - 0 . . 8.23 ¢ 8.42 -6.41
How to do field work and/ k - '
or perform an experiment. 0.31 0. 48 -@8.35
How to record data. 9.41 -0.34
How ‘to obtain .
semi-quantitative and 0 ’
quantitative data.. g.25" 29.25
How " to gather specxm ’ . -
How t p:esent m; ta 7 A g : . .
with l'éh:s, charts, mapsy L - 8
ixagxa Y ph@tos,vor lems*‘ e 8,24 o g.19 LB
fou to do sxmple . o
~afculat10ns w1th data. .. -08.25 0.31 .
dow toé use,statxst1cs j . . b
ko analyze data. ' . - ‘ . £9. 20
1ow to compare data with o '
initial assumptions, o a
:redictxons, hypothe es. B L
How. to .exptess data in % B
theiform of. a mathematxcal ’
:Qla&1onshxp. N .
p ‘. - \
rpsx%onn scons . '9.20 X 9.52 -2.37
N=107 . ¥
- . B
? . L o ) . A
A ‘ -
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The data in ‘ Table X 1nd1cates a positive

relat!%nsh1p exists between the amount of time spent on

W

'the project and students' perceptlons of ‘how well - they

learned the processes of scientific inquiry listed on

the IPSI. . Gemerally, teachers who encouraged 'inquiry'

learning allowed students. more tlme to complete thelf”

pro;ects. Learnlng 1nqu1ry process Skllls is therefore

not siﬁply a functlon of tlmen but a function. of the_ﬂ‘,

oy b

greater amount - of tlme

teachers for ' students

- .

projects.

‘are ggéily upnderstood if one .remembers that
- ' i \‘ ‘. - .

for 'analysis. purposes,, studentléhosen probleps ‘were

assigned a value of e and teacher centred problems were'

a551gned a value of 3, Therefore, ‘the data 1nd1cate
.

”that student»responses xndncgte .a negatlve correlatlon'

-

between learnlng to state‘laﬁ problem .for. study~ andA

_teacher -chosen tOplCS. It is intereeting'to5notel éﬁat

4 I ) . e
_students responses seem to.indicate'that projects chosen -
: " ’ :

by the teacher tend to strengthenrstudentfevab wity to

L N T B " . B . .
make ﬁ‘redi idns and théir ability- to do - simple
\ ) : A B |

'calculat1ons from data. : A‘
T

R

- There are 3 number of 9031t1ve qorrelat1ons between»

processgs of scientific ‘inquiry- and the ;amount_,oﬁ
: . s PN < . ,',177

jd by w1nqu1.ry-,—1nte_rested"

W’ complete self-directed
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" experimentation included in the projects. As the amgunt
of experimentatton increased in the‘“projects, students
indicated a ‘higher 1e§el of‘ learning for many ‘ef the
IPSI .items. Particulafiy important -a:e the strong

v , . 5(‘3--/ \ ' I
correlatlons between experimentation® and students’

percelved abllﬁﬁy to'make predlctlons .d formulate ~

'hypotheses. . .Agcordlng - to students, '7\;nc1ud1ng~

X .

. B v s ) "

atldb 88 a major eLement in the project
1 . n’ '

'enhances the leafnrng q@ﬁﬁhese two key elements of the

"exper%

sc1ent1f1c process. ‘ Sbud%ﬂis also 1nd1¢ate strongk"

-
correlations between e;perlmentatlon -andg, s*gh practlcal

%
skllrs as settlng up apéa%atus, doln%é flehd. work and

record1ng +data.’

. ' L ]
Acqordinb to students' responsés ' an - emphasis on

. ‘ : } : . \ [
l&terature reséarch in a project'doesﬂnot'contribute to
p .

the. le@ghlng of sc1ent1f1c process skllls ‘$uch as. those

listed on the IPSI._‘ Literature pnpjects do ‘rot

4 i"%
[B] : ‘L ' v s

sttengthen any of the‘lngu1ry skllls.such ag™ hypothesxs

v Y
formation, predxgglon test1ng, 6r manlpulatlng data.

_H.} onlogi 30 Pro;ects . hequvelaof Inqu1ry

Students .were g1v3

lnstruments (SPI, page 2)"to describe 'the natyre and

LY v

extent of the thelt b;{glogy 3@ pro:ects. Fr’o‘ ‘,these_

9

’&descr1ptlons and discussions with. the cooperating

?

teachers the fd..archer*elassifiedta;l ;fojectS'in the .

K4

'".oppottunity on the test .
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study according to the level pf ingquiry following the

model’ of Schwab as modified b)éHerronx (1971). Table XI

indicates the class1f?&cat10n" scheme used and 'I‘able XII

indicates the levels of 1nqu1‘r.‘iy found.

74
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A R G N ’
........... see T .. Table Xr - .. . o
. s . VR e o o Y\ ’
* The Level of Inguiry - ‘ , _ XY

’ As Determined by the N

‘Schwab-H&rron ‘Sdel

. » . . [ I ~'
- Level of =~ . Problems
Inquiry -

———————— \—j———_—_-—-—..a——--!—_————-—.——————_\—
’ N . *

. 4 . . , » ) } - .
"Given" =. Given by teacher. o * . -

- "open" = Open to the. student to _f'ormuléte. '

fo—



) > =:Table" XII

Level of Inquiry,in Biology 30 Projects
. of seven Ruralﬂéibaftalschools ' A

¥

o (25) @@ () (39)
‘ Schogls 14 '&7w43 0 43
, | (12‘ (3) @)/ . (3)
SO s S S
n;iaf students ’
‘n=. 7 schools e . , .

_The'tabge clearly shpwé a low level of inquiry as’

P ' ‘

define® by the Schwab—Herron;~mééel in - 57% of . the

schools. Still, 43% of “the schools followed student
' - . & o a R
projects with a very open Ievel‘og,inquiry. There seems
. { . AN

to . be ”Eaﬁrlgk\glose 1t6 an even split Between schools

'IWhéré the teachers feta{h control over essentially all:

Véf(gfe project elemengs‘and'thOSe.sahools where teachers
relinquish . control - entirely to the = students.
. . o o o ' a - ' ¥ .
Unfortunately the majority of the sjudents, 63%, were in

' e : . i . - © e

the schools with the lowest level of idquixy.

E‘uri:hei:', following the Sc.‘{arron mo‘del, Table
: S ' A _ Y :

a

\Ja T 16
AR
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R 2 ‘ g ‘
XIII ‘examines the relationship between the level of

Zsinquiry and student satxsfactlon W1th the project (ﬁPI)

«

!MW Teble x111

@wﬂ$*ﬁéar50n ﬁgxnelatlbmsraf Level of Inquiry with

A

S1gn1f1cég;_ s of Student Perceptlons Instrument
% QIR RIS |
e XX T ) 5
-—‘——“---ﬂ-"—*-ﬁ‘ ‘4"‘"‘ﬁ"-’"--“-"“-“--"?‘-“-“—",‘“f“"""ﬂ-“
o« .L,\_ ’ S
SPI Item . - . Correlations

: ;§? ' L '
I. woudd tb do another . .
biolan~ jéct: "W - -0.45

) '.3.‘_»',; ';“A‘ .“%h "--~ ' i . .
I“was;pb p 7pr03ect.A e . , - 0.36

e »

I felt I did ahhetter jpb of the -

proj3ct than 'l usually 46 with the B
regular biology"® labs‘We “do- in '
class.w’; ¢ "“fv‘ 3 | , o 30 o
I 'was allowed to make my own - '
ddc151ons«1n the biology pro;ect. . 8.55,

L worked hard on my pronect. - .26

I -would like to be able to make
~my own decisions in a blology < A
project., . . Y . d.40

Ty found'thé biology'project to - .
be frustratlng. ‘ ',"" =-0.19,

I felt 1 had produced somethlng thatv
was my own work when I finished the
pro;ect. , . g.43

001ng a blology pro;ect has made me.
think about a career in science. . T =@.25

-,—----—_—_—--——_.._-__—_...——__-..._____-_—-__._-..-_______-.._-
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8 . i - ..
st

Lt R » :
Poq‘i{ve correlatigns appeared between the level of
, ! , ) ' \
inquiry and six SPI items. Students who had ggen’
: ' >

allowed to pursue projects classified as véry Yopen" by
-.the'Schwab-Herraﬁlmodel indicated satisfaction and pride
with the p;ojegg. Not only was the experience

satisfying, byt it seemed to be less frustrating. ‘It ig

interesting to note, that despite this satisfaction, the 

ok'

more open-ended the inve#tigation, the less likely the
student_wanﬁed to do énother project. Students in operti-

projects seemed also to be

eggvinclined to consiaer the
Lof'futuxe careers; | e

Finally, Table XIV examines the felationships thS&;é“'
‘exist  between the level ' of inquiry and students'

perceptions of the procégses in scientific 1inquiry

learned in the.biology project. , -
| " o . o . '
~ . ) o I e
Lo~ - . ~ '
- 1}
, 4



. - Table XIV o

Pearson Correlatfﬁns of Level of Inquiry with

i

Inventory of Processes in Scientific Inquiry

(p = 8.05) .
-----—-—_--_—-_-_-‘__—_:- ——————————————————— i ------ -‘:—'————)
IPSI Ite ' e o Cortelations
| o o 2 e rgfb.‘ _____ "_..a-“f- _______ @ -;.-....---.-:....—._ _______________
» 1n my biology projeqt ‘I.learned ! .
some of “the following skills: , -
vl ‘ ' .

ﬁow L0 state a problem for study.

ﬁ

How to make pred1ct1ons.

HOW’to make an hypothesi .
U

How to deflne the 1ndependent,

dependent -and controlled

variables. ‘ :

{, .
How to deflne the procedure and
work out the sequence of steps -
for the pgséedure. _ . . 8.26

How to idepgtify the needed
equipment, materials and
tecbniquesf : * .38

How to do field %ork and/or' :
pefform an experiment. ~ ) @g.28

@How to do simple calculat16ns . :
with data. ~ - : T -0.41

How to express data in the .
- form of ‘a mathematical . o e
+ relationship.

L — - - - g
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As the level of ,inquiry-'§ncrea§es, :1e) does: the

level of learning of certain processes in scientific.

inquiry, according to student responsi . Negative
correlations are obtained only for, quantitative

manipulations of data. Aaﬁording to students, the
degree to which such key ptobesges as indicated in the

table are learned increases as the'degree of openness of
. inquiry increases. This is very much in keeping with

vﬂthe expected outcomes of inquiry®earning.

‘I' -



v. Studen‘t“ Petcept:ionh and the Projec’t Biperieqce
A. Introduction ) . |
| The primary purpose of the study was to examine the
bi-ology project ekperience.from ‘the perspective of the“
student. 'I‘o that end the test instruments were’de/sx,gﬂed
to quantitatwely evaluate student s opinions on the
value of the exper1ence.. he data in’ Chapter IV
e;tamined-' tpose’ opinions using statistical mea,'n“s.
tlofﬁever, th‘eiv;Wy was never intended to rely solely on:
numerical - d;tf, end statistical techniques. It was
c‘oﬁsideted impf'rtamt‘”’t‘o provide usome "'vca‘ice"ﬂ to toe

sample iubjects and to obtam spec1f1c op1n1ons from
- <9

\

studeﬁt§ on th,ls> 1ea‘rn1ng experience. _Thls chapter

first examines student( responses to th?‘ 'sentence s

completi‘on sectﬁ?fof @he 1IPSI. These rv~ v:”thes were

collated by que's"tion"and analyzed for any re0ccurrmg

themes and ideas. The ten sentences have been grouped
. ~ . » »
below into categorxes for reportlng in this chapter.

-

:k; 'Phe second sect1on of this chap{er focuses on the
! taped 1nterv1ews conducted w1th : landomly  selected

. ’
LY ‘l.. L

,«s‘tudentg from uSlx ofr the schonld Eﬁaampl\ed Ig"cgmplete

:‘ A\ o i \C‘-,“,
'f-@t@ﬁ? t of -one - 1nte:v’;em 1s given‘ as an.- example ‘in
py > .4 ; =7
sy ' oo Rt “ﬁ ( y
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B. A Summary of Sentence Comaéletion
. , 'i‘he ten sentence | completion - jtems '(Appehdi'x 111
‘/.we:e"sor”ted int; five "ca“teqories, lkabm;est;
frus}tration,‘ teacher's role, learn“ing, and’ summaty:

These categories were, specific themes suggested before -

P

the design . of the test insttument, "Interest" sand
[ ‘ . ) ! . R

A

"'frustration",were Clearly themes in the written

»

responses of b1ﬁ.ogy teachets in. the B@logyg’,yaluatxon

Rgort (Albefta E:duetlon, 1981). Ask;lng stfzdents to’
comment on the “"teacher's role" and the!' "leatning" they
perceived’ in Vthe ‘pg;oject  work refiects /":.the“
'organizational ‘point of view of a c':'lassroom tepcher

4 *foy/i.the,

inte:es‘téd‘ in developing better strategies

'~teaching"'ex’perience.‘, The "suhurféry'f category was a_dded /

to the. test items to see how students. would s minari,ze ’ f -
. . ) . _‘ . ) M“ A ' / . S
the project experilence. IR \ /\_ S .

- For each“eategory ‘the frequeh"cy of réesponse is

expressed as & -percentage: in brackets.. ssigning* a - | .~
‘ . ' : o S - v
particular student res;?)“nSe to tl}e_ __category was a

suﬁﬁectn{g{'dgcngmn of the authér. No attempt was made )
- : - .
to categorlze all student responses,for, a part1cdlar

senténce, so only' the major categorles are summarlzed

-
«

below and the percentages 1nd1cated for ] category w111

not add to lBG%. . ' : _ ' o —
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Only the flrst test item is summarized'underpthfs‘

.headlng.”‘The IPSI 1tem read, "ﬂhe most interesting %grtj

‘of the prOJect was...."" S

.

L ke

‘one surveys the,responses to Lbls 1tem is the theme of
P o

readlng (3%)-.  For instance, one’;student replled'
'...readlng up about genetxc mutatlon There seemed to‘

_be genulne satlsfactlon with the lxterature searches for

:‘1nformat10n, _although Q;note the references below under

”"3"3 :

Surpr151ngly one of the flrst words to emergefas‘

: “frustratlon" A"second student wrote,. '...readlng .

~through mater1al and flndlhg out thlngs 1 did not know"

Thls response also ‘1llustrates a second ma]or theme,”

fthat of‘%lndlng out (8%) E‘ some students "finding.f'

out" reflects~a -sense of dlscovery. f...flnding out.

' about SOmethlng I.dldn t really know very much about"

and, ' ...f1nd1ng consequences of ac1d raln For othersv

" L

the_“flndlng out" perhaps meant rea1121ng relat1onsh1ps’

3 I

g 3
in a new and more. meanlngful oontext, "...f1nd1ng out ;

vthe amount of 1mportance the stomach was and the causes"
of stomach dlseases";;and«”...f1nd1ng out the functlon

boéb role‘,of Jthe organ i ‘the body. ‘The enzyme and

““hormones it secreted". These .last ‘two topics, ‘course

content, for Biology 3@, ‘take on .new meaning for the -

N J
~

V‘students through”the'project'experfence;_
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7 The th1rd major theme, earnin\\\(Zl%), is an

-

exten51on of the second (It 's a: s‘Eleﬁc word used by

" more than ZG% of the respoddents s/ they descr1bed 2
/

> varaety of “1nterest1ng" experlences,
/‘

f\" Xieannlng new L
thlngs about stuff you thought you had alr ady known"'
o ...the learnlng td make deoxsxons ‘fﬁ - a \sc1ent1fic" .

ymanner" ‘and-w...learnﬁhg hbw comlecated and exact the

izhuman braln is", ¥ Some saw future potent1al ‘in thIS'
,;learnlng,_ ...learnlng 39 I could poss1bly set up my own" _ ;f"
home 1n solar heablng | Others agaln saw the learnang

ra : e /

i1n terms of rea¥1z1ng relat1onshlbs between 1solated

groups of’ ﬁactS/ 4:...1earn1ng about‘ body' systems, how N

;eaeh one_amrks_,1ndependently and also how they a11
‘“worked together.i When you see, hOw dlgestlon works you"’

o f R
“beg1n to apprec1ate your body a11ttle more" 4,;fs.

- The fourth theme, d01ng (30%), was by far the most L,
, / )
common student response.» Students found 1t 1nterest1ng

to perform spec1f1c tasks assoc1ated w1th the1r pro:ect °
J_These/ act1v1t1es "ycovery‘-the', range - pract1cal ;
ﬁfexp r;ence5°*tusuallyk fOund'.ﬂin ) blology Iasses: ‘
'.drcollectlng : spec1mens“. »*f;r.the“ demonstrat1on""b |
j{...the exper1ments" = and ;W...model constructlon ""A

;«very clear favourlte was dlssect1on° ".;.a dlssectlonvof'
‘the eye. (subject of my report)" ‘"‘; the dlssectlon of

khe heart“4 and "...the sk1nn1ng ‘afid actual taklng out

. '. . \ o ;‘ B - . .
R X : “ st eyt . v e ?
R ' . T B ; . P
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‘.‘ : . " .. J ‘ ‘\‘ ‘\.‘M’ .
,special-drgansf«elso,putting it back together" A few

of the acti&ities‘ suggested, whlle ‘p0351b1e 1h' msny"
bxology classf@oms, ace probably more llkely to occur 1n

the contekt of a project.. Some students repotteq:
".:;doing:a 5ﬁrveyd}'r1,.wnea 1 went on;aef}eld;ttfq‘toﬁ.
'observe‘ the phocesSing ~ from canola‘(seed?débs'cguéé‘ﬂt
yvegetable o11" ' andv_“;..goipg:-to a ,ppofessioqali;ahd

‘ asklng questlons"

.

Several m1nor themes- were suggested when only two>
_'orfthree student responses focussed on ‘the" same 1dea,
X ’ - > ‘ e
But from ' an educator's _point of Sview the were

. . ) e RN \P~ 4 . Y .

sfgnificant. Fof instauEe, a few -students found'AtheQ

/
checklng of thexr pred1ct10ns to be the most 1nterestlng

part of \the pro;ect: 4"...cpmpar1ng results to the

 predictions" and "...seeing .if my model would work".
These two responses represeht f_very' strondly , the

potentlal for 1nqu1ry learnrng poss1ble in pro;ects.
~ .
I

Lo, S~ : 3 \ .. .
view Jto\\see student, responses indicate that jread;ng,

I

}earning,.flndlng out, and d01ng a var1ety of types of
actigities‘ can stimglate 1nterest and that students.
,seemed to.eﬁjoy workihgyth:ough‘themes consistent with

-educators' goals.

\I~

0

.\g\}t ;s grat;fyxng from a science educator_s 901nt of . .




2 F:ustration

Students‘-f1nd blology projects 'a “considerable
S - 8

'usOurce of frustration,« especlally tthe ﬂlevel of"

-inquiry , ncreases.v They are left more - v their. own

fresources and must.solve a numher of problems refated toi.;

‘. A

‘plann1ng_‘the;r ‘tlme,f organlzlng equlpment, collect1ngd
‘freﬁerepée“material,{slandgu mot;vatlng themselves ,Std
complete the“‘project.:; Two 1tems fon vthe IPSI d@ree

A1ntended to‘ sample student op1n1on on what they‘\\wf/

1

cons1dered to be the most meortant elements that caused"

’

vfrustratibn in thelr projects.' The f1rst questlon, "The" -
| most'dlfflcult‘part...ﬁ, asked students to 1dent1fy thej

elements whlch merely caused some problems. The second

K

1tem,' "I almost gave ‘up when...", prov1ded " an
opportun1ty to respond to incidents or c1rcum$tanoes N

which raised frustrat1on to aa'oritical' point with
. 3 . : o

L

respect, tf,tgs progect s completion. - B : /f

-

(19%) presented the \‘mostl_

dlfficulty for?mbst students. For some the problem was‘;

s1mp1y masterlng a technlque. "..;weighlng the k1ttens“

S

...1dent1fy1ng the fornl of . nmld cells" “putt1ng the.‘
feet together and cleanlng the small bones mak1ng sure
not “to lose any“ and. '...trying to recognlze certain
;'solutlons"l .One student vlamentedf a “conqltlon many

researchers willb recognize; "...people who did . not



answer‘ ,&ruthfully'_"l SRR

Wntmg (15%) the report was ment1oned almost as -
often as practical problems as a source ot‘ difflculty.t "

‘Whlle for some sthi problem was dot . meeting ‘minimum -

#

xexpectata.ons, "...maklng J.t long enough‘“ for . others,f

: wrlt,lﬁg the report presented the researcher § . d11emma,

...11m1t1ng my toplc down to make .an 8 page report"

B TR, %

"'Most of the responses under thxs theme were- s*cmct,

- ]

...wrltlng it down"; with no clear 1ndlcat1on as, to why,
'thls was a problem.' Whether the act of wr1t1ng was a

"'problem of poor commun1cat10n skrlls or a questwn of i

ava11ab1e time and motlvatlon is not clear.

t

¥

writing is ref‘lectedv the next. major theme of

"'organizing the 1nformat10n ,(_12%) The process of.

synthes1z1ng and summanzmg the data intO' af unified:

presentatlon ' ‘was  expresséd’ in several ways:

“ ' . . . .o o
...comp111ng the 1nformat10n" ~."...condensing  all the’

H]

: 1nformat1on" 'f...gettmg my notes in order and trymg‘

%

conclusions and stating what we found out".

'Several students seemed to have difficulty right

- from the beginning. | For" some 1t was .a quest«ion of

( c -

motivation,,'!...gettlng started and 1nterested 1n the

- project". For others it was the very real problem of

.~
—

Eerhgps some of the.. dlfflculty of' .the report

to figure out what.they mean"_, and "_'...com:.ng up with




what question to puxsue, "...finding or cgming up with
van expenment or project that was relavent (s1c), con‘

" be done 'in the lab and that some othet on. 30 class

s -

hadrb't done for the past six years" 'I‘his problem of"*

-

choos:.nq a t‘opu; is further explored tr the - studentv.

responses du 1ng the taped mterv1ews dlscussed below.

4;_ ation (lﬂ%) was certalnly a source of

d1fficu1ty tos many students"‘ '...fmdmg data on the
project that was at a ‘nlgh school level" and "....gettlng,.‘ )

"the informatlon b‘cause the 1nformat1on from one book td '

3 l

another '1sn t consxstent" Both ‘of . -these comments

suggest £n 1mportant role for the b1ology teacher m the

_project act1v1ty. "% Note below that several students

/)
comment on how the teacher can and should help w1th

..reference, materla‘l. ’f‘he.".se,cond co.mme‘nt _r,_efv-lects the

'adolescent's wish to sép—the’world strictly in colours

of black and white. The tentativeness 3 ‘scﬁibentifi'c

. knowledge and the ‘impor'tan_ce of :conflictdi _ theories

confuses and"distu‘rbs- teenagers. E'du'cat‘inQ studentsto
N \‘

th nature of sc1ent1f1c knowledge 1s an 1mportant role

£ - the sc1ence educator. S

A few students f”ound termmology (5%) 'difficult:

’ '

...learm.ng all’ the terms and applymg them properly
Only " three students - 1nd1cated- teacher, s

expectations (2%) created difficulty, "'...undersftand»mg

e~ -

-



. ‘.,' '

what the. teacher wanted"l 7 | . '. B -

The greatest difflculty for students in the biology
;project~was clearly'the practical.problems of.weighing,
identifying,.calculating,‘dissecting, and experimenting.
Aimost as ;mpgrtan were the problems of summarlzing the

data and writing the report. For fewer students,

o

f1nd1ng a suitable toplc and the relevant informatlon
was the source of ‘their ' frustratron.

Some students will give up if the frustration is
. ‘ ‘ ~ _

unresolved and becomes so overwhelming that the project
is_iabandoned. The second IPSI .item in this category

explored the circumstances students identified as almogt
insurmountable. ! )

A, significant number of Qtudents - (14%) indicated

th;; Aggggr_nfelt Iike “giving Up on the project” while
another 31% 1nd1cated the question was “not_applicable“
" or left this 1tem biank '1; :;m‘ . | |
- Fot students who}almostAgaue up the biggest source

of frustratxon was again practlcalpproblems (16%). Some

VQ;/these seem to be - the result of inexpeggence; '...I

exposed all the p1ctures of,the project“ ahd "eeol had
_an exper1ment to do and the directions from ‘the booklet
were beyond comprehens1on.r‘Everytlng (sic) "had to be
Hchanged to- metr1c and percentage solutlons had to be‘

made up. I dldn t know how" Some problems seem to be
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the result of \inadequate "resources; "...after havings'
" just chosen the progect 1 liked most, I thought our/
schobs&as not equlpped with _some of: the materials I

LAY

. ’ :
,ineeded" Plants seem. to g1ve p problems;

B aend

", .s0ur plants ‘died the f1rst t1me ‘ .Qburffirs

set of oats had died _that were to be used- for our

experiment".“ There is wide scope here for’ the teacher‘
to ‘facllitate the experience for the student. E Byf
helping the student,,to adjust the pro;ect toplc to
existing vsphool ‘and community _resources: and by
superv151ng the care of plant and anlmal materials the
teacher can ease the student‘ , frustratlon without

'd1m1nish1ng the learn1ng experience of deallng w1th the ~

R}
‘e

pract1cal problems. , B -f

A second problem whlch provxded great frustratlon'

was information (9%) that was,too difficult or dlff1cultl
‘ ? 4
to find. "...I could ngt g7t the 1nformat10n 1 wanted"

e

was a frequent complalnt. ) Just as -common was the
’ comment, "...the textbooks d1d not make _any serrse”
r because they were written in. a hxgh form of language and
.1t was hard for some one w1th no knowledge of the organ

'to understand what. they were saylng"

’ \
A few students found the volume of work. (5%) to' be

daunt1ng,‘?..,1 had to read 52 pages in a lab book"'or

w

'...I saw piles of notes that had to be organ1zed“ A

::‘”.. . L | | . k :
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" few had‘sinilar thoughts but expressed them in terms of

the time required to do the project; "...there were.

~major assignmentd from other courses, all requiring,

completion in the‘same time space" '

While K signiflcant number of students did not feel

the problems encountered in the progect were sufficient

to.wcausev'chem to quit, those who felt extreme

frustration. with 'the erperience  -cited ’practical
problems, the scarcity | and complexity '_Qf : pthe
information, the volume of Qork required end the time
required for the nroject, as major-stumbfing blocks for

completion of the project.

3. . Learn1ng

Three IPSI 1tems were summar1zed under the category
of "learn1ng". One specifically asked, "I learned... .

Two more, "I wish..." and "I could have done a bettar

job..."™, were interpreted to imply the student could

evaluate the experience_and could suggest improvements.

In response to the first IPSI sentence, students

clearly 1nd1cated they felt they had 1earned facts and

concegts (51%) . Responses commonly suggested ", ..the

physical dangers of marijuana and the _history of its

use" and "something about what cancer is and how it .

starts and’some of how it can be treated”. -Some thought

B R s e e - Y

L
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tﬁp ﬁﬂbwladge gained:jsugple;ented or reiqforced - the
clgssrog? laqinihg, such ;i, ”&..ad&itibhal information
about ﬁh&asubject-matter”wh?gh"adﬂed myunQerlé:}ding of
the subject". A latge number (16%) 'qu”g.fif;cau'y
refer;ed to\learning more asoutipargs of the than body:
.F..,a lot ;bout the brain, iﬁs eVo;uéion,w parts and
_functioplﬁ,'"}‘;mpchlpbout héw;thé*hea}t w9n$s”andAphe
causes and !e:}écéé of 'disegéés of * the  heart" and
"...that the digestive sygtem'is very impdréant in our
" bodies. Without,tﬁe small intestine we would’nCt,diéest
our food properly". Such an emphasis . on}"hdman
physiology is not surprising since this is the major .
theme of the Grade 12 biologyycourse.ﬁl hif\
After content, the second most Significént response
concerned the iearning of.\values (8%). For i?stance,
"...from my project the ggrigusness of acid rain, which
1 feel everybody should Se made moré awaie of" reflects
the position the-student ha%rleatned to take as a result
of~‘the ptoject. expgrience.\ Seve:aln of~'€he _projects
covered broad issues guch as the extinction of anim{ls
~apd -Ehe/ effect of pollution in the environment. The
~va’_l_gg;//learned,in the study of su;h conplex issue§fmay
be seen in these two responses: “..{abouthghe problems.
of extinction and ways to so}ye it. . And how man can

Il

benefit from preserving the species on earth" and’ "
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lot :::S} guidtlinci and why things are done for certin
reas = to usually help the envirbnment. not hindqp
ie". Anothor rosponse was chortor, but stillurcfloctcd
A .

‘a value learqed ...to quit lmokingﬂd ‘
A small number identified processes of science as.

significant 1earnings: "...that experimcnts help to

.

‘understand a concept by prc?vidihg a concrcta oxampla“'!
and ...thq§ our hypothesis was'’ correct”. One studont’
discovered "...that scientific erperimen;e do not always
rgo.the way you have planned them?!'nl‘ ]

When asked to'complete'tne sentence “{iwisn...".the
response Qas'clear,“nore'time (26%) . Trme,was'obviouely
L a.méjcrbccnefceration‘because when asked to complete the

sentence, "1 couid have done a better job.r.', agaxn the
majorlty rep11ed ’if ‘the; had more- tine (40%).- Some
.said, "...we would have had ‘more tlme, and we . could haver
- gone in more depth, and‘greater,detazl". For many the ’
issue of time was tied closely to the problem of £inding
suitable resbnrces:v“fe.ifil vould have consulted more .
references & spent more time on ‘the project” : But, for
many the wish was for,an earlxer start. The following
‘ ccgment was common: "...I would have started earlier
tnen'l"did". One §tudent illustrated a common problem
found in a project if plants arg u;ed,"“...l(wonld'haye

started a bit earlier so I would have hed'more_time to
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| ; wricc and 1 wilh I would have #llntod my plapts eatlier

P

80 tkoy could havc dicd"

oo Some students wished they _could hcvc obtaimd more

'daﬁga (6%)s M...that I would ‘have had more npoeimm

avallable, and _more snaplhots from the fatm to display -

thcxdifterent growth stagu trom -pring to :all" and

...thv pcoplc " we wrote v lctte:s to asking for . .

infomotion would have been: mormlpful - ye didn't get
,1
any raplias" ‘

— e s

- A qu students wished for more freeddm of choice

'

(5%): '...I could have had more input into what I was

going to do for a project" anvd ", ..we could do more on
our pwn".- ) Y
About 14% of the stu\dqnts indicated dissatisfaction

with the _prqject. Some thought no_ project (4%) ?d
t

' be required at all. Many wished for a more intergfting’

(6%) topic, while a few felt the teacher's expe'cta\:i’ons”’

‘o'r'the project specifications (4%) were e}ther too

e

strict or not clearly defined.

It was 1ntezest1ng to note how many students felt

. there should be nore. projeot ogportunities (4%) in -
: . T 3 " = ¥

ichoql: ", .more schools would do projects like this".

Py

As well, the same number of students felt bthers should

benefit (4%:)' from' the same knowledge they'fodnd in their

project; "eool couié influence people what ibud noises -

»



»',0an do to their esrs" and "...other people would quj‘
(smokinq) also”, ‘ e

Only a few studmu tolt thoy cOuld hnvo dono a
" ‘better job of tho.‘projoct with more rgsou:cc (6!)‘.

‘These resources -included: "...if I oould have - talknd to

M N | .
people who knew a lot about laukemia"' specimens, "...if

J I could have had moze specimen av.ilable", and ...if we

- ' P Gl

would neve had the proper ‘chemicals at schaol" o e B

r Finally, \few students gained somew insights into

.,

- their own skills apd felt they ,op‘uld have done a better

job if they had.been more self-mobivated (8%): "...jf I

could let my imagination go. (ie.. crgate more p‘c’éu:sona].mi

interes?’:)" and "...in doing my homefiork and gathbridg

R

pertinant information, Being - a fairly vigorous

individua'i' 1 feel a little difappo; ed..in my laziness".

4. Teacher's Role

' The IPST (it'_em, "The teacher he_lpéd most...",
«encouraged students to offer their views on the
teache: 8 role. in the blology project. The most common

response to’ thxs item ind1cated ‘the teacher plays an

 important psrt in " finding information (13%), "The |,
’ . /..\\ 3 F] :
teacher helped us. to find information. If he saw

o

‘somethi}ng that pertained to our project he gave it: to

us.". Often the information needed interpretation, such



> ﬁ%s W...when we couldn t f1nd the‘information ourSeives,‘f

96
e R o

@

or when. we dldn t “understand. it" and. "...in gettlng
‘further “informatiOn“that made 'the*‘technlcal ‘stuff a

llttle easier to understand"

The teacher also seemed to play an 1mportant role

1n cLarlfxxng (ll%) the progect process for the student,r'

p...w1th different routes to take w1gh our prOJect"

;..w1th ana1y51s of graphs“ and ...1n dlscu551ng the

L

”7terms used and explalnlng d1agrams -and facts oq cancer"-

‘ Of course the teacher was often 1nstrnmgntal‘ih

'help1ng w1th the experimental etup (8%) ' Vt..when we

unfamlllar w1th" ';..w1th dlssectlon_ and' flndlngvﬁ

-,

:yﬁéesr~ and "...W1th the dlssolved oxygen tests".

HStudentS'noted Hn- partlcular that the teacher

"needed help w1th 1nstruments and procedures’ we weresl*j

‘mix ‘the approprlate solut1ons.' ‘...w1th the -

vpercentage solutlons. He explalned to show to gét the.

'.¢percentage we needed and what the percentage meant" was

a: typxcal response on thls theme. C

| 't
i

helpful 'w1th def1n1ng hec-toprc for. the ‘project

-

our prOJect so 1t would suit our- needs™ while ahother‘

PR . [

Lvery;littfe idea™. .. ’i §

A few students felt the teacher had  been 'most. -

~

‘”invest1gatlon.‘.one sgudent'noted.'ﬂ;.with developing -

'fresponded,. ...helplng me to f1nd a workable tOplC from -
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Students' perceptlons of how ‘the teacher'thelped
most in. the prOJect experlence seem to fit exactly theuk
in- 1nqu1ry lea:n1ng.' to.

role of the sc1ence educator
gulde Eﬁe student in deflnlng an appropr1ate toplc for
‘in flndlng 1nformat1én related to - the

1nformat10n at a

h study;,to sssist
tOplC of .. }anIIY and. to 1nterpret the
levellapproprlate to the student 'S understandlng, and to ,
‘asslst ,,hn' ‘the practlcal ptoblemsvbvof equipment‘ /f

a; manlpulationito,invest;gate the ptoblem;‘ |

5. Student Suggestlons
- The IPSI item, . "It would “have been
3 »exp;ores'.tudent suggestlons tor‘conditfons wh1oh would
fav bloiogy prOJects. o - : | //? B
. . g _
The most common reééonse of students wa /to squest
'
if we had more clagz t1me"fand' v

mo:e t1me (12%), ".f.
...1f we could have had more time to go deeper 1nto the
l : i .
1n the

The second most/ common theme found

fpr03ect“
student 'S replys centred on better 11brary and egg1pment
...to have ;] more ~

.

~

as, -

Such) responses ’
»

', resources..
\
exten51ve llbrary Qrea, ~and more equxpment - speC1mens"

‘ M -
and "...1f we. had more fac11101es and supplles to do
more thlngs, as 1n slldes etc. and to be able to do more
experlments", 111ustrate students ‘thoughts ~on thrs

subject.C'i'
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Thifd,‘ Students felt ‘more.‘inEOrmation"(91;\wgina§t
- < ’ ) ) |
have been heleUl "...if 1 would “of had more

v

1nformat1on rand. also been able to talk to a doctor about

the d1fferent heart dlseases" typically mentlons this

thxtdwtheme and also refers to ‘a fdurth, vthe de51red

availablllty of resource persons (7%Y Several students
w0uld 11ke to have talked to knowledgeable people’iéoutv
R4 .

- their. PrOJect,‘as ment1oned by. this edd
‘ c- 'v"‘."

-_v1s1t the Cross Cancer C11n1c in Edmo'

Hospltal to see the equlpment used 1n 't
~ to people idgolved either as phySician

The' last} major - theme was' suggested

'responsey "...to have more free . reln“”' Independence

(5%) was clearly the intent of thls student s reply,

'...1f the prOJect (topic) was)bne chosen on.. mf own &
_out of my spec1,a‘1\ interest". _ " ‘ = ’*" :
: \ -4y N
‘Students reiterated the themes of more t1me, ‘more

1nformat10n and better resources when asked to comment.
1on what cond1txons would ‘have - ‘been helpful for their
pro;ects. They also . suggested contact w1th reSource°
fpeople and some control over ch0051ng their own toplcs
‘would have contrlbuted p051t1ve1¥' to the_:learn1ng

'experlence.

A




v

6. Summation - o Co DI

L

: , \ .
The final "igtem on the IPSI sentence completion

sectlon asked students to reflect 6n the bioloéys 30
pro;ect apd . offer some concludung,. statement by
completlgg,the sentence, "In summary,lI’w001d'say the

Biology 30 project...".’ Tabulating the,responses showed

- 58% of the students felt the project was “worthWhile?,

26% felt the pr03ect was a "moderate success" or "OK“

wh11e only 16% 1nd1cated a negatlve response such as the

pronect was "a waste of tlme"- .

Several of the comments favourable to the prOJect

‘were very posltlue | and; Lndlcateﬂ that ~ students

.
appreciated this method of learning:

",...that I did was very interesting for my own
personal’ benefit. I learned things that I
would not have learned from other sources or
free interest. I hope the' information I
gathered will be helpful to me in the future."

"...is a great necesity (sic) «£or young people
to- take a step into a-world unknown to them.
Practical 1earn1ng stays in one's mind’easier
‘& longer . than ‘classroom’ learn1ng does "

“...is good to. get you thinking  and

concentrating on a certain area. It lets you
‘get yourself to ask questions and lets you

think better and try to understand thlngs more

clearly."

"...Wwas good for 1earn1ng about our body and
also good for teachlng us writing sk1llsn
. .
"...is a very Important part‘of learning and
tra1n1ng ’ yourself to. work wlthoutv



msupervision.“f“

...is a. very good . way of learning someth1ng
more so than in the classroom. It enables you
. to get away from the actual books, and I found
it fun and interestingl " .

" . Many more examples such as these could be quoted to

111ustrate students' approval of the b1ology pro;ect and“g'
| :
‘their percept1ons ‘of ‘the -skllls and values learneda
'through the exper1ence. o " o

It 1s 1nterest1ng to note\thab many of tﬂ _negativei,,

\

respondents shared the view of thas studek

that good ‘f an idea unless you are\\plannlxg on a

_blolog1cal career. The in- depth study you\have to do

doesn't really apply to the average 'person.“:\\ The

\

students' perceptxon was that the project was a waste. of\\\

- tine unless the student was a future career blOlOngt.

- C. Tapedllnterviews

To provide ~another ropportunity for students. to
' express their views of the " Biology 3¢ projects,

intervieWs were recorded in six of the schools visited

W
J

SEudents were selected at random from the class list of

each school° approached h\\the cooperat1ng teacher and

‘asked- if they would consent to ‘the interview.  An

B ‘\\ ) ',_»‘F.\;.' o . )
attempt was made . to have. a group of four students

preSent-for‘each interview, although one class'had onlyM



Euo sEu3§hEé}”‘A ‘complete’ transcript of one interview is

provided as an example in Appendix IV. ";,‘ | _ ‘,*{5,
_While the questions varied somewhat. Qitﬁ‘ each |

iuterview depeudiuq onfgroup dyqomics and the‘typéo'of‘

pfojecio‘ coqﬁleted;‘ fivok‘éséentfé; questions were tbe ‘

£cus for_eoch‘sessioh: . | .

11, "Couid you please describefyour’projéct?7'

P

‘.
e

2. How d1d you choose your toplc or problem?
3.  What do. you thxnk you learned from the
pro;ect? ' '

fv4. AWhat was the most frustrating.part? = ‘.

Sf' wﬁat advicelwould you give me'as aiteacherj
;siuce I»Lintend "to assign 'projocés to” my -
;studenés?' | |
« Student responsés‘ to -the first two- quésﬁioﬁstl?i
repeated;informatioq'already.uentioned‘in this sﬁuoy in
_previous -ohaptefs. Table VII describes the types 'oflL‘
Qprojects wfound: in uth@ study and Table VIIL :indicatés
that more Ehan 68% of the vtobics ‘were choseq<vby the
teachef. : However,.'two importéuu observationo -may be
_made-ffom thé‘wéy‘étudents éusuered these quesﬁions;
| First, when .the top1c for study had been chosen by
students, e1the: s1ngly or as a member "of ~a group,

students‘ had uery 11ttle difflculty descrxblng the

project. Typically, a student presented a- descrlpt1on§5:a
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2

i" 1°9i051 Stepﬁ outlining the problem, t e procedure:”’"“

followed to assess the problem,lsome of the ﬁlndings and
‘some of _the’ cohclusxons the student had reached On- the

other,‘hand,:‘if the problem had been chosen by the

' teacher andf espedhally 1f %the prOJecbf'was being
‘conducted by " the whole class, students had only a vaque
1dea of _what the problem ass1gnment 1nvolved The
pvroce_dure ‘was uncertain. . The purpose waﬁ not clearlyb ;
undesstood. - The- sé;dent's ‘1nd1v1duel ~contribution - to
‘éhe whole ° class” buzéle'_weS"not clea:.‘._In_nshort,
students pursuing a»problem of their own underStood far
more clearly the process and the 1ntent of the pro:ect.
Second, studenti‘spoke with  more enthu51asm and
conv1ct1on about . pQOchts thet followed thexr own
‘ingerests.- 1f ﬁhe teaoher chose the pro;ect topxc andh
if_the‘project 1nvolved a }arge group, the student was

likely to feel removed froﬂr’personal 1nvolvement and .

tended to -be far more cr1t1cal of prOJects in general

-

.0
and less enthu31ast1c about this method of learnlng.

The‘ third questlon eventually raised in all

interviews asked students what they  felt they had "'

learned. Not suprisingly, all students focused on .the
- specific content of. their project. For instance,
. several thought they now knew what caused certain types

of cancer. Another felt she now knew how to piéce
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L together the bone? of‘ aﬂﬂshall”“miﬁhal, ‘No student

et

volunteered a response which suggested lnguiry process
» sk1lls or values had been a srgniflcant learning.
-When asked - what presented the most frustration in
ﬂthe project experlence, students again. reflected many of
he themes ment1oned above. eomplex term1nology, lack of
lrterature resources, report wrltxng, and for some,
practlcal problems such a; flnding the right glue or
m1xlng solutlons. Agaln there was '3 clear dlfference in
students' responses to th1s frustration dependlng on who
chose “'the topic.b.'If ther teacher chose " the tbplc,
"frustration contributed l;to the negative - feelings
students had about the experlence. If the'student chose

"the topic, the frustratlon, especially those ,fron

“'practical problems, seemed'to be solved by revising the -

o techn1que or as 1n the case below, b%Aanalyzlng p0551ble

jvenues for further research In the’ follow1ng excerpts

f(Appendlx 1V), the student  had expressed some concern
L7

».througout the 1nterv1ew that her plants d1d not die as

"“expected when she trled to s1mulate acrd rain:

kEResearcher. What for you, Jxll, was_the 'most
. gfrustrat1ng part°

J111° I don t really- know. "~ Ah..Ah.. I guess

- when my experiments d1dn t work out, not Tike
1 wanted them to. e o
(Several l1nes are deleted here. )

Researcher:. Have ybu satisfied yourself that

S
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you"maybe*havé a‘guess‘a§-€o4wﬁy they didn't
die as fast? Have you got some sort of....

' . . ¢ Y

Jill: Yeh, 1 read a whole bungh of reasons
why and I'm positive that, you know, I'm
_pretty sure why they §idn't die. '

Researcher: So, in reality in one sense the
experiment -has . at least  helped you
"to...obviously you hadn't thought of those
_yeasons’ beforé you started the _experiment.
o Bq% the experiment. at least showed you had to
think 'of those reasons, so can you see that
you have learned at yeast'gometﬁing? '

~  Jill: VYep. .Plus I can see that conditions

“# must be a lot worse :bap;t ‘theught., I mean:
‘1..if mine was Gquite’ ¥, low, wum, ‘molar
.concentration and yet they ‘say, oh, don't

worry, you know, I......it must hava to be

quite concentrated or else it’ wouldn't leave

the damage that it has. o '

what had been initially a frustration f£Qr this

student became the focus for further reading and for the

‘ formation of several hypotheses to poséibly expléin her

observations. -

P

-
One final observation about students' responses on

the theme of frustration. while stidents in all
T . .
interviews seemed to have -only a vaque idea of how the

project wouid be evaluated, more students in projectﬁn

chosen by the teacher . mentioned this as a source of

frustration. The general confusion over the purpose and

bropgss of group projects and teacher-centred projects

seemed to focus on a concern for how the student would

. receive a grade. ' : , .
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From the rés!arch!r's~ potnt of view iYthe

centred on one suggestxon. : ‘. 2

Basically, just make sure eachfh.; I

something they are interested in.. Becauseh““f

they are interested in it they are going to
“work a lot more harder at i and the harder

‘ the work they are doinf the Dbetter...
e (Appendix IV) o . :

This same theme was reﬁeéted intex
let students chose”theit own‘tbp_c;~.when asked how a
teacher could help stﬁdents who have.‘gif:)eat ﬂdit';fikculty
doing’ just‘ that,..;tudents freéuently tuggested thé

teacher provide a list’ of p0551b1e toplc 1deas and allow

tstudents to cholse from - that list. Students felt the

" list idea was only .second best to choosing your own

topic, but they ackﬁowledéeg__some' students would need

it. _ |
With such a consistent message in each interview,

could students who were following a teacher-chosen

project def1ne an area of 1nterest for their own study?

Essent1a11y just that questlon was asked during one

session. Note the-follow1ng,fqur responses:

Frank: (Pause) Probably go out and study more
of the wildlife or something. 'The actual
going out and“look1ng at stuff. We didn't do
much of that in other grades. -

.
“tase,

gw after interview -

[
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forna: Maybji some hpndicap, like  multiple
‘sclerosis of something...There are people \
around here that have it or have had it. You \
hear about it on TV so. much. and- about the
pills and stuff they have to take. Things

like that, I was just ‘wondering what they
think causes it and things. ,

Linda: ] would study more on reproduction, .

" 11ke, not so much how it happens, but how you --
become - human., How you. turn out and stuff
like that.

Researcher: I .think-the words you are groping

. for are "growth ang development". Not so much

_* how you are born, but how you turn into -the

person you are, bécause of yout denes -~ and -
anything else? _ )

Linda: Ycl. how other stimulus canw'ffect t:he“~
way you developed like, mothers whoe smoke or
drink, or, just outside stimulus, how it
affects the development. : +

cm—

Leonora: I think I would do a certain kind of
horses cause in the white stallions they are
born black and turn whiter every year and when
they come 15 they die usually of cancer. And -
it is just in the one breed and they believe’
it's because of melanocytes in the skin. It
decreases, the melanin, in the system, so the
horses become lighter, but they are more
susceptible to the sun's rays and the sun
causes the cancer. So I think I would be
interested in finding out about that.

Researcher: You breed horses or raise horses
do you? ‘ o

Lgpnora:' ¥es.
fn the space: of only a very few minutes\ each
student HEdIOutlined a topic foz}pﬁssﬁbie studyubased on
persbnal,interests. None of)the students, to be sure,v

had deflned a clear statement of ,Ehe problem to be -
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¥

- studied, but with.a teachers help . ,t;x.x_,g_.ﬁg:,éjnci, .eomld o

develop the necesssry definition for o Biéloqy 30 level

of investigation. o | .

\
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CHAPTER VI
/ _SUMMARY, CONCLUSIONS AND RECOMMENDATIONS =

A. Introduction

In this chapter a brief summary of the study will be
brclonted{ This wiil be followed by the researcher's
dccilioni wiih respect to cﬁo study h&pp#hese:. Both
quantifhtive data ahd qualitative fobservations of
stud;qts im the - sentence qompletion. items and taped
interview sessions suggestéd certain toptt® beyond the

scope of the original  hypothesesg. These topias' will
s -~ , » ‘

al‘ao"be, 'discussed with a view ‘t‘ formulating severbl

recommendations at the conclus]gn of .this chapter.: . '~

\
i

é;JSummary 2 4
The study was intemded to éXamine grade 12 biology
broject# to'AQte:miné if;h | | | ‘
1. é relationship exists between Piagetian
coghif&ve developmental - levels and 'student
_:satisfiépion’with the projec£
[2.i a -;plaE;;qEEip exists between Piagetian
Mcégnitfve; develoéméptal' iévé}s and student
perceptions of the value of the project as a
lé;tniﬁg.éxpetience o o ‘>Z |
3. a ,relationshié exists between‘ cognitive

development level and gender
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4.7 a relationship exists betwsen “student \

perceptions of tho project aﬁd-qcndt;. S

The sample of 167 students trom 7. rural schooll
sut:ounding Edmonton, Alberta, was chosen by rand;ming
~selectinq schools for contact and then vilftiné ‘shose
schools were a cooperating teacher consanggg_ to tbei
study. "All students had comp%bted projects inﬁ the
second semester of the 1982-83 ‘school year and all
sampling was done during the period April t&ajuno, 1983,
‘:%ﬁh’
Test pf Logical Thinking (TOLT) design;d by Tobin {Pd

Three test instruments were used in the study

Capi®t (1981) is a pencil aﬁq, paper test used to
determine the student!;“vqoqhitive deVelgpment;I level
according Wto‘ the theories of Piaget. The test ‘is a
serieslof five pairs of questions which measure formal

thinkng, ability in five areas: proportional regsdning,

~ - . . ..
:CQntrolliﬁg variables,  combinatorial ° reasoning,

probabilzstic reasoning, and correlationai ‘ easo‘Cng.

_ The rahge of scores was from @ to 180, w1th a .ggore bf 0

A}

to - 3 1ntetpreted as a concrete operational‘levev and g\
;score of 4 or more 1nterpteted as a formal operatxonal

level The Student Perceptxons Ingstrument (SPI) is a

twenty-1tem questlonnalre with a five-point Likert scale

.

used to measure the students' satisfaction with the

bioldqygﬁggpject. The SPI also provided seétions for
. .



determlnlng how the prOJect Was organlzed h\ terms of

problem deflnltion, tlme spent, and percentage of t1me

i spent on typlcal progect act1v1t1es- experlmentatlon,y

*fl1terature research, model constructlon,‘and collectlon

of spec1mens.j The Inventory of\Processes in Sc1eht1f1c

‘Ingurry (IPSI) was - a twenty 1tem guest1onnalre adapted'
—. p

from a list of processes of inqulry developed‘by Nay and

'fassociates '(1971) '_ The 1nstrument measures students'

R

percept1ons of process skllls 1earned in ‘the project

~,exper1ence and prOV1des a sentence completlon section to

-

v

.”complemenﬂ the-, quantltatlve " responses to  _the
_questronna;re . with ,,wrltten _ observations' by  tipe

‘féspohdéﬁté, ﬂhe IPSI 1tems chosen"refleCted the

RN

"author 5 oplnlon oﬁﬁ the most 1mportant process sklégs

vthat ,shou&d ‘be found in blology pro;ects." Student

e

" yeponses to the IPSI items were _intended to reflect

,students{ opinions of how well they ‘thought -those

process skills had = been ;learned dur1ng the projeCt

© experience.

' Tob‘exam1ne ‘the relationships 'postulated in the

hypotheses the quaﬂfltatlve data from\the TOLT, SPI and

IPSI were examlned statlstlcally for any 51gnificant

correlatlons. : Crosstabulatlons of TOLT w1th SPI ahd_
’ &~ - Ty
IPSI 1tems and w1th gender were, also exam1ne@fﬁ Further

_to the quantltatlve analyses, student responses to the

N
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sentence completlon 1tems on the %fl were examined for

I
reoccurlng themes. Tape recorded 1nterv1ews - w1th

.students from the sample group were also" analyzed for
&

comments;and observations pertlnent torstudy questions,

C. 'Conclusions ; ' @

The following conclusions may be drawn it respect
to the study hypotheses: > B
Hy: There is no sighifibant‘ relatxcﬁéhip

- between student satisfaction with. a biolegy

,prOJect (SPI) and_ cognltlve ﬁevelopmental

¥

1evel (TOLT) (p*= @. 05).

Decision:“Hypo%hesis aceepted.

: -
Bl

Hy:  fThere 'is no significant relationship

between cognitive deVelopmental levels (TOLT)
i : : N ' . .

- and student perceptions: of the value of a
biology project as 3’ learning experience

(IPSI) (p = 0.05). .

Decision: Hypothesis accepted.

o

33: There are no 51gn1f1cant relationships

between Qognltlve developmental 1evels (TOLT)

o

]
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andlgenden (p = 0.05). .
, {

Decision: ‘Hypothesis accepted.

Hy:  There are no significaht relationships
between stpdént 'perceptibns of the learning
experiencé of‘a,BiOIOgy 3Q'project'and'gender

—_— w

(p = &B5). - o S "

Decision: Hypothesis accepted.

. It is at qonclusion‘ df"tﬁis study that ‘sfqgent

i
- the siudentfs-cognitive developmental 1eVei.

,éatisféction‘with“a biolog§ project does not depend on

It is a conclusionjof this ;tudy that the valué'of
’a:b1619g§2§mojéct, as peréeiVed by'studenté,idoes not
depehd on the.student's cognitive‘develépméﬁtal level

These conélusidns‘ are supported, by the _repea;éa

observation that students - identif. As concrete

L

opérational, according t6 the TOLT sc ve evidencé

in their res9ohses't0‘the sentence comp¥e®ion items and
duiing ; _“taped. k interviews of well-designed;‘
inquiry-effective projects. There is no pasis for

assuming students must reach a formal operational,stage

- of development before undertaking an independent igquiry

<
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of a grade 12 biOlogy course-.’
Th1s study also concludes there is no significant
difference between male and female students, in terms ofr
"cognitive developmental levels (p = 8.05)
' The declslon to accept hypothes1s 4 was difficult.
fWhile total SPI and IPSI scores compared with gender
showed no 51gn1f1cant ﬁ&ﬁatlonshlps, individual 1tems on
both te;t 1nstruments showed 51gn1f1cant correlatlons.
Girls expressed more p051t1ye_response§Ato.
1. 'The biology project was an interesting way
to learn. ’// '
2.‘ The project report should be kept indthe'
school library. o ' , ’ o
" 3. ' It"isv possible for = student - to .do
original research that produces new scientific
knowledoei" : “ . B !
4.‘,2Tne ‘project approg&h to‘ iearning taught
some thlngs not included in?the tegnlar clase
lessons. |
Girls; responses were also more positive-than boys'
when indicating how well the following process skills
- had been learned: | ‘
1. wa to devise a method for tecording data.
2. How‘fto do field work and/or‘.perform an
experimen&. |

[N



| ‘ 114
" ..;%?; ‘ B R R N SRR
3. How to record data.

| 4. How -to represent data WIth graphs, charts,
}.f maps, diagrams, photographs,‘or f11ms. | ,
. Hypothe31s 4 was held tenable on the -basis of no ("*f
e 51gnlf1c;§t correlatlons were detected between the toé?%*
[scores for each test 1nstrument and gender, 1n sp1te of .
s1gn;f1cant correlat1onsf for the 1nd1v1dual items
mentioned ‘above. I {s  the conclusion of this study
that'there is nn difference ' in the perception of male

and}femalelstudents of the.yaIUe of biology projects as

a learning experience. This seems.to be consistsgt withJ
the results of -Rakov (1985) who found- there wae :very
little diffe:ence in the overall prediction of inquir§
'skili for‘males‘and females. . | |

Thea reeeateher acknowledges that due to the
;limitatiens’of thie.study, these eenCIUSions may not.he
generalxzed beyond the study sample.’ | |
| \Vhat is clearly ev1dent from the study data,,both
qual1tat1ve and quantltatlve,vls that the satlsfection’
_:and ‘value of the leatnlng experience of va‘-biciogy -
preject ate dependent on factors not h&pothegized before
the study. Stuéent responsee for both satisfaction and
thelr percth1ons of the skills learned 1n the progect"'

.depend dlrectly on the level of inquiry allowed bylghea

claseroom teacher. If the level of inquiry is, h1gh,
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student"satisfaction 15 high.< If the level - of inquiry
~is high, studehts' tesponses 1nd1cate they feel "they
-learh many process skills well,

Analyses of the students' responses to the sentence
completlon items and students' comments dur1ng the taped
interviews suggest several practlcal con51derations for‘
the classroom teacher attempt;ng h1ology pro:ects: |

1. Students waht to be able to control the
dec151ons in. thelr prOJéct, espec1a11y, to be
able to choose their own topic  for study.
2; The role oftthe teacher is to facilitate,
not direct. ‘Students oneed‘ assistance with
finding reievant resource - meteriais, both
texts ‘and:'approptjate community resoutce
_'oeople. Stodents abso need goioanqe when
faced with practical problems requiring skills
not‘yet learned or mastered. |
3. If the level of 1nqu1ry is hlgh, students‘
are more confident of the goals of the project
~ experience and experienCelgless frustration
‘_qhen faced with practical problems. -
D. Recommendat1ons forlFurther Research

Several observat1ons during ‘this study have

5

- ' : . L5
suggested areas for furthe: investigation:
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1. While there was, no sign1f1cant relationshipﬁ
between gender and total scores on the two instruments
measuring students' perceptxons of the satisfaction and
learning value of a project»experlence, there was some-
ev1dence to suggest an 1nquiry approach to 1earn1ng
elicits favourable reactlons from female students. It
is Suggested there be " further research into ﬂrﬁgele o

w5

students”  attitudes to  inquiry  learnipng  and

- gelf-directed projects.

2.‘_ Since student responsesﬁ,indicate a wlear
relationship between the level of inquiry and’ the value

of a project experlence, it is necessary to *sthdy

- methods of instruction for student teachers that develop

"p051t1ve attltudes to 1nqu1ry-based student prOJects. -

3. ThlS study has - examlned only students'
‘ A \ . :

perceptiOns of what they felt they had 1earnedtin the

.project eXperience. It has not tested speciﬁic process

skills to determine the actual achievement levels of

students and  related. that ichievement' to cognitive

development. It is suggested that further reseéroh'is

needed to examine the relationship between cogn1t1ve

developmental rezelg/,and student éohpetence with the

e
/’/

»process 1nqu1ry "skills needed for an 1ndependent study

progect.

4, Welch and associates mention that the greatest

PSS
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obstacle tol\projects seems to be té@cher's‘peiception of
- the difficulty of projects. It is. suggested that
teséarch is required to develop effective strategieg for
adMinistering independent 3projects, AeSpeiﬁaILy to
’{developimethods of'project evaluation, : B
'E; Personal Reflections . o
Review of thié study ﬁas lead the author to refleét‘

on three important ideas. .,

1., fhegsignificance of Correlations‘

_ While this study included the use of statistical
analyses of ‘quantitative data to iécggfiqigi\\;he
hypotheses, a-:prudent reader might well quéstion whet

this approach always 1is the best- for the study of

learning situations in the classroom. It is well knowm
that correlations may be.showﬁ—to'bé éignificant,'yet is
the'infd;mationrreally “meéningful“. "Tables III and 1V
iilustrate this point very well, In Table III, ‘e
item, "The bidlogy 'prbject vwas ﬁhé\ most intereé*inﬂ
academic aétivity I have done' in high school" is A=ct
reélly a wvalid’ questioh given the many and varied
experiénces in a wide range of subjeéts over thlbe

Years of schooling. Similarly, "I worked hard on my

f_pfoject" should probably be ignored since it is a highly

-

-
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subjective and very relative‘qhestion. | S—m——
Tabler IV contains three significang correlations,

all negative, relating cognitive developmeqtal levels

with processes” in -inquigy. - Would a ‘more infdepth

, ' .
compar1son of the student interviews and sentence

)3\

completxon data with the IPSI responses still support
‘this quantitative analy31s? If only inquiry based
projects were analyzed and ihe“ TOLT- scores -of those
-Students used for analysis, would these correlations
stili be the seme?' Such’questions can and should be
raised about ény coréelational epproach?to pue classroom

situation.

2, The Positive Nature of Frustration

'It will be—no—surprise to the classroom teacher
that this study found students_experience'considerable
frustration doing a biology project, but this should in
no way imply that ffustretion is a ‘negative. quality.
Too many teachers avoid projects because they feel
students will become frustrated and yet encounterlng
frustration is an integral part of any science research
or eve;yday life. To paraphrase a quote ‘attributed to
7§ir Erederick Banting, scientific invesﬁioation is not

the act1v1ty of a guiet, ordered mind, 'but'Ehe efforts

- of a deeply troubled and agitated mind to bring some

¢

4
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resolution or order to its unsettled state.

Two recent studies havelteflected‘on the role of
frust:atiég in the classroom. Valerie Oldham (1982),
studied the problems students had with the ve#y
difficult subject of tissue respiiation and concluded
that experiencing"difficulty'ie_gn-integral part of'the
search for self:

Through our encounter with diffiCulty, life

gives us the opportunity to reach beyond our

limits, to show both others and ourse;ves who
and what we truly are. (p. 108)

Raymond:Nadeau (1984) inveséigated student attitudes aed
skill development durlng an inquiry approach to teach1ng
grade 12 Chemistry using a serles of eleven exper1ments.
He found that -whiie students expressed d1}f1culty with
mathematical calculations and writin? a series of three
reports for each laboratory - aetivity: design,

observations and final results; students consistently

described the process as challenging, intereeting and

enjoyable. ‘ ﬁ\\\-___;\Q;
The role of the classroom tedrxher ehohld‘not be to

minimize difficulty for the student, but to~ ﬁéip “the
student . develop a positive appranh to coping with

frustration in the subject material and classroom
. {

" activities and to carefully assist with appropriate

teaching strategies when the student's abilities or

knowledge are inadequate for the task.
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3. The Teacher's Role in siology'Projects

The types of biology psojects possible vary,
including not onlyi;he classic omp#ricaytapproach, but
. also case studies, ﬁitefctute reviews, and environmental
l;problem 1nvestigation;¢ ,!° the teaching scrategies
required are also vilied . 'Which strategies work best
for each teacher will ﬁ&}é'dopond on'thei;‘owc\skllls
and tru1ning, but the following suggest1ons are offered
to teachers interested in encouraging ind1v1dual student
projects in thelfldlassrooms. These suggestlons are in
addition to tﬁe general role defined on page 97 of this
study. | | - ’

a. Steart student piojects esrly.' This study foundv'
that_E?pically student‘projects were.  ddne during the
last weeks of schdbl, when exams and other ;ssignment
dead11nes were most pressing. Ahneunce the start of
projects on the first day of class, ng1ng the general

administrative details such as group size and final

deadline.

b. Provide students with a check list to break the
project down into manageable'“bites"; Spec1f1c items
on the list will again vary éccording to project type
and teaching strategies, but sugeested ;bites" Mmay

4
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include:

.. a Project Proposal which need not contain a

4

detailed ptocedure, pbut should have a clear,

'_concise statement of the problem to be 1nvestigated

and a list of any unxgue pleces of equipment beyond
the usual 1aboratory beakers and test-tubes. -
Defining a clear statementwof purpose is perhaps
the most difficult part of any study and it is
vitally important that»at this stage the teacher
examine each. prqpoéai carefully. | Problem
statements which are too broadly defined or\Verg

vaque should b;,discussed ith the  student to helpﬂ

her refine and narrow the number of variables or

questlons to be examined.

T

The short list of unusual materlals has the

double benefit of requiring ‘the student to put some

thought into how tne project will -<investigate the !
questiond posed and wil} alert the teachér~ to

unrealistic expectations.

ii.’ A Readlngablst should be requ1red some time

after the approval of the Pro;ect P:oposal and very

S

" early in the semester. This provides the studentiﬂ

with some background to the study and also alerts

-~
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both student and teacher to a project topic for
" "which therefis,nqﬁinforﬁbtion. iﬁip'aéading Liét .

would probably mot be regarded as the £inaly 5“4,

total literaturé review, but emphaéiiaé the need go"'”

work at the project steadily and contindously.

‘iii. Por an experimental project the listvmight
also include: w:itin§ a;procedurq,_assembiing all
equipment,“ perfofming er first set of ’tests,'
revising the prdcedure, final series of 'tths,
analeis of da a: consultafions with local
ptofessionals, writing the report, writing thé
bibliography.

- |

Whatever eleﬁents find thefr way into the
cheek-list, the key issue igi to start early and
break the p;$ject'into‘manag§ab1e sections.

4

c. %Many usefuyl aﬁd egsily understood statistical
analysis programs exist for microprocessors. Not
all projects will yield quéntitative déta, bhé
those that,K do Qill benefit from providing the

student with the opportunity to use the s?hool's

computers as a meaningful tool for her research.
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" W oIy =
d.(/ullow studantl to choose their own brdjocq

topics based on their own intc:e-ts. This was @

; strong recommendation from tho student 1ntorviow3.

but tbg;e will'be those who seem complotnly unablo

- to define a prpject proposal after cpnsxderablc

time. For these students the teacher must resist

thd  urge to provide a co,mplete . éroj'e'ct':,bi“oblem.'

Often a series of dialogu@s bgtweén 'teacher ‘and

student will produce éomething that may not be
I +

entirely the student's, but neither is it entirely

the teacher'sg idea. ;a

" a
e. Encourage students to consult with local

resource people- in the approprlate,_professions.
g [ ]

. 4 X . '
Every community has - doctors, nurses, dentists,

hospital 1lab technicians, foresters, agricultural

representatives, fish apd wildlife officers, and.

veterinariahs, ;’ These people uSually welcome

o »

students' interest in.‘thei:‘iproféssions. This .

study found ﬁhgg !few~~studenis utilized these

‘valuable community resources.

x

f. Finally, talk to each student often. It helps

'1f the teacher -keeps her own anecdetal records and "

"attempts to see each student very bgiefly in a
- 7/"”

S

AL
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regular rota. The contact need only be bmef, but

the teacher can foresee problems and the student

van feel encouraged to continue. R ‘

fed

J U . . : . ) B

. e
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.Uresult f your efforts. - ' ' L f‘
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Page 3

The purpose of the following questions is to give the "

researcher some information abOuf how satisfied you were

with thelsiology 30 project. Did you enjoy thé projeét?

(&

Did you find it 1hterest1ng?b'

DIRECTIONS:

1}‘ Work thrbugh the paper quickly. Often the first

answer that‘pops into your head is the best answer.

” 0 -

£ Do not-just circle your answer, blot out "the

;lgtter tompléteiy. S o
“< For exampleé:  SD ", A SA s

r
A

)

;’Conse the answer which best ddscribes how you

feel about the statement:
e o
e '§D - Strongly Disagree

v

f{ R 0" - Disagree
| P A oA gl:’e e
.+ SA -_.Strongly Agree
. . &1{ ‘o W '
. f T 45 .
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1nterest1ng academic activ!ty

I have done 1n ‘high school.

Tor

Page 4 ' ’
Strongly” ‘Disagree f“Agree Strongly
R Disagree s ' _Agree
£ 0 A SA
w* ;;; !
1 I found th 1ﬁroject to be
an interesttng J;y bflearn | SO D A SA
2. I would like to do another. | (
biology projéct. SD D ‘A SA
3. 1 was proud of my project. SD.D A SA
‘ ’ y e
4. 1 felt I did a better job of
' the project than I usually do"
with the regular biology labs A
we do in class. SO0 A SA
. e '\\ )
5.. 1 was allowed to make my own
‘ R
e decisions in the biology project. SD D A SA. .
6. I you[d_like;fb see my project
report kept in-the school®  -- -
Tibrary. SD.0 A SA
. o . . p
7. The biology project was the most

SD D A SA.
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Strongly : Disagree 'ﬁhAgree
. e © 4 Disagree. } :

A

Strongly
. Agree
SU' : 0 o

SA

AT

8.

1 worked hard oﬁ my.project. sOD D

I would 1ike to be able to make

my own decisiops in a biology
"~ project. °
e B ) - :

10. I found thébiology project to

_be’frdstratingff«ag

1 -

. :?é .- ’?"} .
11. It -is possible%?&p a student
to do original research that

. N S o :
produces new scieénce knowledge.

12. The project should be compulsory
for Biology 30. , | SD D A
13. 1 felt I had prodiced something
that was my own aofk when 1
fintshed ‘the pr@ject. SD 0 A

A SA

SA

SA
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Strongly Disagree Agrée

Disagree

sD 0

A

Strongly
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SA
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14,

15.

16.

17.

18.

The biology'pfoject'allowed me
‘to ebeore in detail something
in the class that caught‘my

interest.

.

 ‘through difficult assignments
"1ike the project is an .

important part of‘my,learn{ng,

1 feel what I learned in the
project was worth the effort.

3

‘1 think the_pfoject approach
to learning taugﬁt.me somé
things that wére not
included in the regular
cTa§s‘1essons.

Doing a biology project has
nade me think about a career

. B g . i
.+ in science. !

‘Learning to, perservere and work

SD

SD

S0

D -A, _SA
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~Disagree 4 . Agree
.00 A SA
19, My teacher learned something .
[} o .
about biology from my project. SO D A SA
20. The biology projeét was a
waste of my time. « SD D A SA
P ®
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Percentage of Student Responses'
on o
Student Pércepéions Instrument

——--—---—--—--‘-------——----—--—‘-’—-----—-—b—--—

‘ .
Strongly - Strongly
Item No. Disagree Disagree Agree Agree

1 2 3 4 x S.D.

1 -~ 8.9 14.0 63.6 21.5 3.1 0.6

2 109.3 35.5 46.7 7.5 2.5 @.8

3 1.9 15.90 63.6 19.6 3.8 6.7

4 2.8 35.5 37.4 24.3 2.8 @.8

5 1.9 16.8 55,1 26.2 3.1 9.7

6 22.4 59.9 27.4 [ 2.6 8.7

7. 3984 " *50.5 15.9 2.8 1.9 9.8
8 B9 20.6 59.8 18.7 3.8 0.7 -

9 e 3.7 . 57.9 38.3 3.3.0.6
10 : 3.7 32.7 ' 54,2 9.3 2.7 ‘6.7 -

11 1.9% 5.6 36.8 57.9 3.7 2.6 @.7

12 8.9* T 5.6 26.2 52.3 15.9 2.7 @.8

13 2.8 . 25.2 56.1 15.9 2.9 0.7

14 5.6 21.5 56.1 16.8 2.8 9.8

15 1.9 11.2 57.9 29.0 3.1 9.7

16 g.9* g.9 15.0 55.1 28.0 3.1 6.7

17 2.8 9.3 66.4 21.5 3.1 0.6

718 24,3 58.5 18.7 6.5 2.1 @.8

19 12.1 48,6 37.4 1.9 2.3 0.7

20 1.9* . 4.7 9.3 44.9 39.3 3.2 8.9

*Sgudents responded inrsomebmanne: other than indicated in the
ihstructions, e.g. circling two responsges for one item or
dndicating a point half-way between two response cagego;ies.

n=107

Reliability coefficient, alpha =~ @,86
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Inventory of Protesses in Scientific Inquiry

v

Name: FOR OFFICE USE ONLY
A | 1 -3

The fblIgwiu, questions ask you what you th1nk.y6u learned
by'dying_a biology project. Look at the following 14st of
skiﬁﬂs ver& carefully. P1ease‘shade‘the number 0& letters
whi;h best:-describe how well yéu learnéd the skill in your
Btsaogy 36 project. i
"Shade over *1" 1ﬁ you used the skill in your project,
but you do not think you learned it
well.
Shadéwbver "“3% {f you used the skill in your
) project, and you think y;u.léarned

the skill very well. »

Shade over "NA"‘ff'you do not think thé'skifi was
necessary for your project. For
example, if you built a model, then -
"representing my data with graphs" '

is probably "NA*.° |}



1Psl
Page 2 B

In my biology project I learned

Not learned

Well

some of the following skills:

1. How to state a problem for

study.

2. How to read science:

Jou}nals for fnformation.

3. How to consult people with
science knowledge.

'a. " How to make predictions.
5. How to make an hypothesis.

6. How to define the independent,
dependent and controlled

varfables.

7. How to define the gfocedure
‘and work out the sequence

_of steps for the procedure.

1

Learned well

NA

NA

NA

NA

NA

NA

NA

163
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43

44

45

46

47

48

49




53
1pS1 b v o ;
Page 3 . FOR OFFICE o
: ® USE“ONLY o
o [ 1 . N
- - s . 4
53 3 &y
= 3 -l
8. How to {dentify the needed
equipment, matertals and
techniques. ‘ 1 2 3 KA 50
9. How to identify safety
\ precautions, T 2 3 NA S
| 3
0. How to devise a method »
fdr recording data. T .2 3 NA 52
11. How to collect, construct
and "set up apparatus or
equipment. 1 2 NA _ |53
12. How to do field.work and/
or perform an experiment. 1 2 3 NA 54
LN ; )
13. ~How to record data. 1 2 3 NA 55
h 4
\
‘145 How to obtain semi-quantitative
e .and quantative data by
- measuring, reading scales, ?
calibrating, counting objegts \» y;
or events, estimating or i
approximating. 1 2 3 NA 56




A

Ty

18,

16,

' photographs, or fiimsf‘u

17.

18.

19.

20.

How to gather specimens.

$

How to represent my data with

graphs, charts, maps, diagrams,

R

[

How to ddnsimp1e caléplations

with data.

.
How to use statistics to

analyze data,.

How to compare the data
)

with infitial is;umptions.

&

»

predictions and hypotheses.

Hdw to'express‘data 19 the

form of a mathematical

relationship.

i

'y,

‘yEAJ,.

Mot learned

well

-—
~n

12

n.

wJlearned we

w

. NA

NA

NA

165
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‘Name: : | | FOR OFFICE USE ONLY

1‘ W . =

Here 1: an opportun!ty for you to dcscribc ln
your owp words some of your feelings and

impresgions of the Biology 30 project.

1. The most interesting part of the project was...
"‘ . ‘ x ’ '
‘2. The most difficult fart of the project was...

L3 1 a\most ‘gave up whad...

& L

L Y
4. The teacher helped most...

5. [ learned..

6. [ wish,.. i ~ .

- :‘
. . "
w . . ﬂﬂ
-

7. It would have been helbful &f
8. Working with a group... : T

9. I could have .done a better job.

14
“
v

10. Iﬁﬁsummary. I would say the Biology 30 project...
’ e oy

-

*



,’ u“ o \
g o o S\ 1 R o
o \é’k ‘~Percentage of Stuﬁeh; Responses
'l ) 'r\ } . L N N . ,s . . .
1 R . ¢ on
-

1]
.......... e e e e e e e o e ' i e e = =
. o . | t
“ Item No. -Nof; Not Learned Learned %o
e w Applicable Well . . " Well - -~ .
e 9 R T 3 x S.D.
1 18:7 14.9 47.7 19.6 1.7 1.0
2 46.7 . 12.1 20.6 20.6 1.2 1.2
3 44.9 13.1. - 25.2 - 16.8 11 1.2,
4 - 49,2 © 2.8 29,9 . 27.1 1.4 . .3
5 . /33,6 5.6 37.4 23.4 1.5 2
6 55,1 2.8 .26.2 . 15.9 1.8 \i> 4
7 45.8 3.7 19.6..- 30.8 1.4 YA~
1.8 39.3 7.5 21.5 " w3l.8 1.5 1.3
9, 62.6 3.7 19.6 14.¢ .9 7 1.2
10 34.6 " 8.4 . 26.2 - 38.8 1.5 1.3
1 57.0 6.5 . 12.1 24.3 1.0 7 1.3
12 41.1 2.8 30.8 25.12 1.4 1.3
13 39.8 4.7 31.8 32.7 1.7 1.2
14. 61,7 - 1.9 ' 19.6  16.8 8.9 - 1.2
15 67.3 8.4 "¢ 15.@0 ~ 9.3 8.7 1.0
16 33.6 7.5 " 35.5 23.4 L 1.5 1.2
174 54,2 1.9 3.8 13.1 . UYs@ 112
18 ‘ gg 3.7 29.9° 208.6 1.2 1.2
- T19 . 3 " 8.5 33.6 21.5 1.4, 1.2
20 66.4- T 5.6 19.6 . 8.4 8.7 1.1.
e s s o0 7 i o o o o o . S o o 1 e A e T e i 4 o o fam o e Lo ot s o o o
‘.r' ) : 4 v )
" n=187- ‘

.. , 7

Inventory of Processes in “Scientific Inquiryys
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The following is provided ‘as an example of a ,
-
complete transc1pt of one Lnterv1ew session held w1th

four students after the.'administratioh of the test

* battexy. - . - RS

Researcher (R): I think'that the:first question I'would a
.

11ke to ask. then 15 to Just take a $1nute and go round i
i the table and ask you to tell me what your pro;ect was

about and that glves me some sense of what you re do1ng

Andy;f I can get your first name first  of all..:

Dave (Dl): ™My name is Dave. (R: David) °

- ’ [N \

R: OK, what was your project about?;gn,:

Dl: It ‘wés aboaut endahgered“ species . and problems‘

4. L3 -

that...are the rates and the causes that have made it®

. come to, you. know,twhat it is. at today an& I looked at
some of the th1 gs they have now, using the, you know,.

preventlng 1t,f,om happendmng and I also used:other ways'-

: % ' c . o 7

in whlch we ca ’prevent}“iihevBetter-ways and so on, _
Q

that they don’ have,,well I guess they ve . started them,-

' ‘butathey‘re ho complete. (R: UmHm) That's about it.



I o ;.
R: OK. And your name?

#,
] | -

Dave  (D2): Dave number 2. ‘¥

-

R:  Dave number 2. OK. And what was your..,

'D2: Ah, mine was'relatéd toVb?séball pitcher's injuries -
~ 'like tendons and various things like that.

.

R: 'Mr, J (class's teacher) was ment%gning‘a little bit
about yQur“prdject; ‘ _ I ‘
‘D2: and what I djd, I did some sort of analyze, the

shéulder and thé,élbow_for'its parts. And from there I.
took three or four of the major injuries, 1ike pulleqd .

tendons...strained muscles and ' went into 1like ‘how, -
. R . Py B . L . IV
) 4 .8

' they're repaired and how to prevent them from happefing’

. X ' - E- . r ] ' Lo . R
. to yourself and various exercises for gtrengthening. ' -
"things like "that. TR T o
- o e e ‘ : ER
(Hmm) R ’ ' «,': B -‘3 \“;ﬁ “;M '}“1‘ ‘ H - , .- ) . . ’ )
‘}0\ - \;
R: OK,‘ and you"areis.}h K
‘ R ‘ oL A W e T
S s ’ o | . - . . ; ‘*' - L ' . . L
SJ3ill (3):-gill W’;@ P R
- . w - : . . . . :. v .
\ | ' -
' |



L - an

R:”\Jilll . And nhat:nas your project, Jill?

3: Ummm..:} took the effects and the causes of ac1d?

rain and whether there s and then the problem...you
can't really do anythxng about because we don'twhave any
government support. - Cause. the government would rather

"lsxdeéggith the corporatlons that are produclng the

po!iutants than ‘s1de wlth "the environmental1sts and

?l stuff like that;” That's what I dld.
. A : - .

. R OK. And you are.....
7 - 2

. N .
. . L o o i . ) . ,
k. . . . s
A, - . . ) . M . . -
&Y . .1 : ’

' - : ' i
» Christina (C): .I'm Christina. ;”g
e oy ’ . ‘fp“*:
P ) IR o

#R: And-your project?

1'Cz OK. My pro;ect was dealrng w1th Canola wthh 1s a
w:vegetable 0il seed grown guite: frequently in thls area-.

hw’And I went 1n to see why 1t’s adapted to this" area, why

1t 1s so frequently grown and also arranged a proce551ng o
plant, went. to a crushing _plant, and _I saw .the whole.'

process (Hmﬁ)_(inaudlble) i - | » .



o
it tow. vh know Gha'T was otaioaily teon Saskdsoninan
andlat Tisdale‘which is 5ust4east of Saskatoon; they
grow'a lot of éanola‘and.they grow.. have a iot of‘hdneyl'
.bees. And'they petitioned the post_office to have their
cancellation stamp read, "The land of rabe and honey".
I(Some'lauchte;).. Needless to say the Post Office wasn't
goino for that at all. . ' Con
~OK. You .all seem to - have done dlfferent pro;ects; ‘You
Call d1d them by yourselves° (Heads nodded yes ) L{ke
without working in another group? OK. ,I.suppose two
thlngs I would want "to know in general ways would’ be:
Did you- enjoy it?ﬂ And what did you/%hlnk you learned
out of it?  And... let me go back_to you for a minute, .
Jill. bid youvdo‘andy expe;iments with your... (J: -Yes)
"OK What do_dvou think you flearned 'by doing‘ the .
exberiments? | | S e
J: That my plants didn't die. (R: They dldn t d1e )

No. Ah I should have used, I learned what I should have
-,|

dfd;. I think they would have d1ed if 1 would have
| started a b1t earher and 1f I would have used m‘*
concentrated ac1d And stuff like that,. but‘I think

even too the pottlnq spi} I. used nught have been low

Qi .

.for, low sulphur content gufsﬁgethﬁik 'hat?qu[tb§Y"
Ly A . R

-

S



~acid. . : g _ o T

3lput on your plant?

Were (ust....cause in some places when acid ra1n falls

M ) .' - 173

—

it suplees nutrzents that are needed by the soil | (Rs
UmHm) Some way some of that sulphur content 1q the
sulphur1c acid was needed by the soil and stuff, or else

the plant was Just_really hardy, I guesa, vSulphurre

R: You used sulphuric acxd and mlxed it with watertto

J: Yes. and I did ii’ke I did my plants and one was

control plant'and I put-foﬁr teaspoons in 1ike every

<

, three days...and even if I were to put them in every day

. A

: butv I thought’ no,mlno, no. Dennls,_ 11ke the 1lab

"techn1c1an, sald, "Don't worry they'll die, they 11 die,

real duick. Don't worry about 1t " Alrlght, you know[

‘I had them planted for.qulte~a whlle.

~

"R: ~ Your . plahts didn't die, which .preeumablyhsyodFt

7

: expegted them to... IR ';hﬂ

. ﬁﬂp

5

B J; ,‘ Well,L one. sh&! d1ed , ’(,R’:u'&iix)»“’oh one (inaud;i‘“bl"e

plants,,but that was;it,-‘”f' 7,}54f}‘”.':>“;w.::.ih
e "A. L e ST e
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_R: Are you disappointed that they didn't die?

1

&

b o - , : - o
J%{ No. No. No. Buyg I know what really happens...like,

Um...They should Hqﬁ;ﬂbeen a bit more dead. (laughter)

¥

R:“ Um. OK. A qoqble'of things that. come to‘mind ;hd
‘maybe some of %he others could think about it./g Did you
have préblems..ﬁ&b; difficulty choosing a problem to

. ‘v.,_r‘ ,‘v ) . ) B ) - .

stody? :

L3
N A

‘J: Unuh ({i.e. 'no')

R: So this sort of appealed tp‘yoﬁ_fiéhl of f Ehé bat
and it came to you easily. - | ._ S

J:t Umum (i.e. ‘'yes')

_ow

R: iTurning to D2) Was'that'p:etty-éell true,'I think
‘that was true of XoUrs, ah, with your shOuld;r'question.
Ahzﬂ(thrningqto ?if”what about ycurs? (ihaudibié fromA

: o / :
"D1) You, had to,sgkuggle through . it?
A ' P

»

ol . o .
o o

“D1l:. Iféidn}t know what to ‘do, right;”@ justhookedv

‘lthr¢u§h'&mag§ziné5173nd that and saw something about

species Cin RuSSsia_for“'something, like the magazine

~
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“(indistinquishable) and 1 just thought, ah, I wrote down

about three topics and I .asked Mr. J what he thought

would be a good one and he said that that 6neqwould be
acceptéd, |

4+

R: -Was your problem easy to come up with, Christina?

C;_“Juqi} I' think so bécause 1I'm, ‘I'yve always been
involved in agriculture and that's dpét f'm interested
in and'that's what I'm going in for education wise and

this was, ah, just one small project that, ah; I learned

a lot from it, working on iﬁ‘

R: So, basiéally, most of you had no'problems at all,
even you (tqrning to Dl) really, um,...got..
L )
%
Dl: Well, it wasn't to hard to find it once, you know, .=
but I didn't know, like I had, I didn't .have an idea

antil I started looking through the magazines.

R: Were you all  interested' in your. proje {? Did any
. ) i & :
_ N s
of you have any problems, sort of, well®*I gotta do
this.. and ...cause I found that with seme students they

e
eventually come up with a question bec%use 1 keep pushin

L

’ ) ’ . a
Y N
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the&' aﬁd they' do itﬁ because ﬁﬁf keep pushin
them...ahmm.;.Did. you find ' that the thing sorta got

tiring after a while ot; did you still maintain your
interest in it? | 7

N .
Lot . [
Ly ‘ .

.

D2

1 thibg if its reaaly a topic your're ihteresééd in
xou; WOuTﬂh'& have that‘ pﬁobIem, like 1I've. done other
projects where 1~Gés too lazy ég go dut and try to look
for a topic I waﬁted to do 1 juét wantéd to get it over
with;.so I forced'myself to take any topic that's in my
brain, and did a sort of slack job ot it; rather than the
topic I chose this‘timélmrl was interested and sort of
juét kept'wi£h it 'and i‘ran éuf*of time (R: Hmmhm) . And
I wish 1 hadvmorg fime I would give..sort of improved
it. o

R: . To go back to yours Afér a minute;' Jill, as. an
examplei You said that..;.the plaéts didn't, do‘ quite
what you expected and YQu’feel in a!Qay that»ypu did not
really ;epresent thé.way.acid rain actually wéiks. (J:
“Hmm) . . Uhmm. . .Would you do much changing of  your
procedure *all the way through orudia YOu just come_up

with one procedure, do it and that was it?



coam

J: Jus one procedure.

. ’ '
R: Would that ybu‘had more time, would you want to go
back and revise it and try it a different way?

J: Yep...I would...well, I talked it over with D too

P

later and...probably...he said to épréy the
1eavb9.;.with the sulphuric acid and I would have added
acid every day to give them, you know, écid éVénday, um,

added acid every day.

LS

L]

R: Hmhm. What about yours, Dave #1, was your project
such that you could see other things -you would want to
do with it, are there fhidgs you would want to explore

if you had more‘timé?

-

D1l: I'n know,‘if your-interest, the teading and that
~was kind of interesting when‘I was doing it, But...Ivgbt
started early and it just came to wha..what I..I have
out (door opened and interview was intérruptédkbriefl§)
you know, probably‘if I would have gone a little bit, my |
little bit; um, over”on the time that ‘maybe I would have
looked into more things,y but in the end i‘t _was' \mos't_:ly

like I had  a certain amount of time..and..(R:

B
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~ Umhm) ..get it done, but ah, there reailly was..! got a
good book from the 11brary the:é was..and some magazines

¢

and that was....kind of interesting.
R: What about your project, did you see other ways it

could go?

C: Ah...Well, there was one part that I‘did, I actually
.grew some Canola pLants under artifiéial Fonditioné at -
home, and, ah..they didn't grow as they usu/normally
'.does under hérmal ~conditions out in the field,.and 1
think also like my soil was quite there were ° some
proceduréé that I would have if I would have had enough
time I would have redohe thgm. As it was now I sort of
ran out of time, cause you hard I didn‘t have enougﬁ
time to épa:t another, a new experiment with the
(dhdecipherable) and alsol em..also I wanted ;o do .an
extensive .interView‘ with different farmers and like
growers (R: Umum) add see the reasons -why they Igrew

A
Canola, but that's another aspect L ran out of time

“again. ’
R: But there are other thingS'thﬁﬁiyou'would like (C:

~

Yes) to have done if there was time.



| ' . 173’ ‘;?x

e
e
-

C: Yes, definitely.

ﬁ: Seo.J.ah,‘ it seems to me that, if you choose a
project thcﬁ is interesting it will be somethigé Ehat
you could sort og go in several diffefent,directions'and
you might -not be really satisfied that you . ever
completed the .thing...Another question that cdmes to
mind ié, what was the mdst diffieult. fhe " most
frusﬁ;atiag parf of the project? Méibe if weAaék yéu

first (turning go D2).

D2: Mine was like al;'the medicallxerﬁ; involved like
you know trying to like tead“(unintglligible) didn't
m#ke sehse to me because 1 wasn'tjtoo aware of those big
Medical termsjéo I had to read further into it .an then
1'd uhéerstand it but then trying to put down on paper
bacame a bit...like I.. I'm ‘not really good at
exptessing myself 06 paper so that's the hardest part of
the whole project was rgVising all the readingqgo sort
fdfeatsfandgrd that other peoplewéodld understand...they
were big long words. S L A N 9

;R:r Do you find ‘that - in..in..you reélly have to know
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¥ ‘w

-
, whatighe term means in, order to.express it in simple

‘terms. (D2; Yeh) | el

.t 3;
i
! [ . *

R: What for you,‘Ji;f77;es the mosﬁ»fruettéting phtt;,
i | . ' ‘ “ "ﬁ , ‘o.'
1 I don't really kno&:7 Ah?:Ah.. I guess when my
‘experinenté didn't work eut} not like I wanted them to.
U‘Bm) I thxnk the best part of the whole thing was ¢

that ,eLl gpe informatxon ; found :elated to ™ chada
instbad of”the United States and Western Canada too, and

’».‘"n ¢
" that was like really good- because usually every book you
l:,viy‘ + " “' P AN
ﬁ? find its all the States and hardly any...hardly anything
4 “ e,
(xndxstlnqulshable) S S
"?ku - sy ~¥1. {' : S ‘ | '
‘.%‘-;" 3 i_v R o L, . . L
. :»ngﬁmeéhing that'occuhs to mey..you sound almost as if

i ‘,x‘»'.

“

youx éxperlment weﬁ a fa1lure..I th1nk of..hm,..I thxnk

‘ u

" if we were to play a game ®&here I say, okay, 1 am
~, I\!;

"’”tnlnklng of a number between one and a hundred. what's

afftHe best que%tlon to ask to narrow it down? . ~ -
RN 4“ S ~‘ 1 S ) . _ L . .
R: . "Aa'ﬁ’?ﬁlbodyv. @ ! g

Dl: Is it over fifty? o .

o



'aso, [1s'u1t\ over fifty. =~ Now, if "I say

\] K

F) : - : c Cy

R e , N tJ, ey
o ¥ . SN !
R)s okay, You havé got' ]ust as much 1nformat10n as 1f I-

&11

had sa1d "yes"' And one of the tﬁ“hgs that you shouldo

,(a
. ! ! ,', 'a
‘ maybe thlnk about w'th your .results ”i ;_.okay,' they .o
_dldn't do what you glrpect'pd tH«im to do. Was there .
';somethlng else that you maybe could have“learned out of '

4tha@\ Bid you get somethlng posptlve outpof ‘that that\,*'

maybhj%ou haven t seen’ or wagh t as,gmportant to you as

[

have thought of
- o . .gi« ; SRR I - o
}JE ‘Ahh...probably7w1th the reseatch I dld though, yoU"

lknow, lzke, Just;the case-gfudles that I read there Wastf'

\ X " g

f;some stuff that goes on, l1ke}'I just eXpect, 1 gues§ I.V

‘,‘,dm“expect them ’~to dl,e faster.qv Espec1ally~' w1th D's.:
' LA ¢ - :

f}igasSurance too, the lab techn1c1an. ffh*‘ "FT,F h,j‘,J‘iﬁ,jﬁ/

"-1E‘v"3; e R RTINS SR
...' B SR . . G . : \ r PR

C/ll-lave you satlsfled yodrself that yo\f maybe have -a

Q'guess as to why they dldh t dle as\fast’, Haye you»gotums

some sért

’of;.'.,'"




. as2

J: Yew, T read a ‘whole bunch of ‘reasons why iand I'm.
. E R ' o ‘ ' S X . » ! !

‘ ‘po‘sit‘:‘i‘ve ',tlhatv;' you know, I'm pretty sure 'w’hy "th‘ey“i‘d:id‘n“t

.' di‘e.'"

) ‘R: '."S'o, in really in one sense the expgrlmeqt has”atﬂ% 3
RN ¥

; least helped you ton.obvmusly jyou hadn' t thoughﬁ f”

-

those reasons before you started the experlment. (J. No)
4 . ;

4

‘But the experlment at least showed you had to. thlnk of

o ol
: ,those reasons, 1.3 can you see that you have learned at.

least somethmgv - ~ e
Foo . .

v : L . o oo ; . .
: . i ~ ! i
- i

J:- Yep. Plus. I can see that condltlons must be a lot'

'.worsh thari. f"' "‘ought ean I..1f mine was qu1te ﬁ
| e % o v '
,‘low, .um, molar concent;atlon and yet they ‘say,: oh "don't. .
: : TS ? R M

‘ worry.,' you know, i ¢ (unmtellxglble) ..,.1t must have to

'be qulte concentrated or else 1t‘ wouldn t leave ‘the

LE [

‘damage that 1t has.‘ T B e P

R: So:, it makes you thlnk that it's really more of a‘

“"'problem than they actually make7<-)ut because Qf ;ts‘

o . L

o

u.f-r',causmg th damage 1t means a vefy hlgh concentr," i
& ,
LR \ L e

"R:  What about you, what was the mqst frustrai
P TR e i _, _' r .o ER ;e . o o

L : o, Lo
. g 8 - 'A,lv:.».
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e e e e R e e it L
. Dle ”IMdOn!t know,ymaybe, re—exp1a1n1§§,111ke kind of

‘all t q wrltlng, it comes across an idea or something

; B

hand yOh want to..you know, put it in your own words or

"somethlng but you can t because he knows more about it

'than you do. 1 came across tht qu1te a b1t,'or I would
anyway > In thls book, you know,. "have...a lot, ery
'there w1ll be maybe pages Long or somethlng and I don(t
want to wrlte a blg‘page long 1dea or somethlng. To try ;
and summagll »

e or whatever I fouag was pretty hard cause "

s

obv1ously he knows ‘a lot more about it than you do‘

o £
Bl

and ..that would be about the ‘hardest thlng, I d say
%“. -

FIR::.‘thmg that occurs to me you mlght be 1nterested

1

'“iﬁ,lahm,gmaybe you know about it alreaQy, but . Alberta;‘fff“

‘Flsh and W11d11fe has somethlng they call Conservatlon <
EAN !

and Educatlon Exten51on branch and they prov1de a number -

of posters _and they also “have a ‘Brochure serles,-'
h i
'1nclud1n 'a llttle pamphletl on endangered spec1es‘o in
» s
,Rlberta. 'And so...I don t have the exact address w1th,

-~

'_ﬁa‘ today,-rbut’ you mlght,ﬁbe'iable to, trackr that

=’down...1t s a serles of brochures ffom Alberta Flsh and

LR

vﬁWlldllfe, helr Educatlon Conservat1on Engn51on brancn
~in Edmonton. 7‘;‘41 , L ”n iimfvﬂﬂfr.?'A‘f .
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Dla. 1 d1dn t go fnto like, any really, ~examples:
;jof.;..well I went 1nto~=ome, but most of the pro;ect was

on like; like: every - species, ofv,all' the‘ specigs that -
were in':the....and the rate . Ithat f*they'ie.:;kihd,
of....héeoming'extinct;;.in‘the book} the ohe.boek‘that‘

R had had a rate of one pep year or somethlnd 11ke that

‘for now and he sald that xt could get up to" as higfwi

e
one per day 1n a»few years of all sgec1es, 11ke not Just : X
':R{a all orgaﬂlsms. "Sb_,x' didn t . go

any maln one thing, I don £ know,

v
&

RE' I’lmaglne they would be c,ec1f1c spec1es ADY': “%eh)

. anduapout them. But you know, 1f you are 1nterested
just thought I would let yqu‘know.-f ,

E}"l . . ' : . . N ) "‘l ' B ‘I . | . ' v ‘l:

RN P e , , , _ . ‘

s -

<Rz .Christiha, what‘Was’the mostfftustnating‘part? &

- ’ e ) ) . C ‘t .
. , ‘ ‘ 'K‘_ - ‘, ‘

" Cc: 1 think it #vas Just ' s1m§{ly ‘putting all ‘this
1nformat10n I had together....(un;nt§%£1g;ble) - ce
,R!amYou ve a11 produced somethlng and you ve' 1aid" ;t ‘on
g , . .
the’ééacher s desk. wOuld you ‘want that to be kept 1n’fﬁ¢¥¥

- the llbrany for futume genezatlons of students to look'

,”~
\ . 5 . . -

. . . ; '\
- s - - P



- at? How about you Christina? -~ - .~
' R \ i ’,. . i

Ce I don't know. cesens I don't thmk that anybody- else
would. ,’_be“' - 1nterested a | (She laughs.) "‘-’ If

you....(laughing) that s sort of the, way I look at 1t
v TR
It was somethmg that 1 d:.d for n.awn personal benef1t,

‘ 1
ther pebple tQ lpok‘ at, ]ust for oy own ‘personal

¥ H ‘
bénef,l_t . hat"‘; o

*

§
g_o_ oge else.,!“ It wasn't/ really anything that I did for
0

-

L

J: |1 feel a iit‘tle 4m&te I would.éo htuch' i'f I am, ..

- know I could have done a way better job than wh&t I dld. .

-

‘.",'1?"
I thought I dld a bretty goﬁ Job, but.:..not exactly
3
what I should have. I mean,"’lf 1t would have been rlght

8 P

to my satxsfac)tlon mayb I wouldn ,,t m1nd it,-v but......not,._'

Ll ) L
!

the wa*y“).t s 1y1ng r‘i?ht\’ now. Y
in the student"s name)

-

‘Rt Rick’ (an

14

DTZ:" . Same ‘lines. "V’If 1 'sort ofédi’d _some - ‘more

1mprqvements &n maybe... Lt | R . p
, . - ) .' - . ‘ . .



R | | .
5D1l:  (Unintelligibleywss = = o o0 0 e

R: OK, 1et"4,ook af another questloh. .Supposing I was .

: .
your teacher ‘and’ ‘now that you' know
» . *,

projects....youtf“

Vet
nEyL. . T tald you

my student%gnexyi’ RPN Wil “advice
- would u - ghge me to ma&e Lt ' . A -xE“year'§'
“students, but make i "' wer learnlng ewperience for

“next year" s.stqdents;'
q . '
22};7 Baaically, just “make sure each student finds
'somethlng éﬁey are 1nterested 1n. Because if they are

,l\-

. 1nterested ‘in . 1t they are 901ng ‘£0 work a lot more.

\'harder at it and the harder fhe rk’they are-dOing the'

. v - ,fggh_ - .
better...like...some teachers | fdund .they glve

. !! ”
categorzes. The categor1 s...rlght there you .- have a

) mentél block agalnst each pro;ect So you go down to

e
theaﬁmb§ary and take out“a book and do it 11ke that.

> el - . . 4
o . Py 5 2V

. R:. (to”Dz) For you it Wasueasy to, or relat1vely easy

7vto qme up w1thq§Zmeth1ng, um, Déve here (Dl) 1s saylng’
” ! v . . ey B

. he. had ﬁo g‘pxch a. lPttle harder, um...f
) d s . N . Y

¥ N (8]

'D2: 0h I had ‘tpSearch just as hard. Cause there isn't

)



e ;-"_ "“ : ‘ . T . e ,:"vy,',‘:::- BN 7

N ' J»‘o Alh %‘ - S A . B . o 9 *’v'x 1 18 ,‘
w“‘f ?‘ N N & - "' . .

CopEt m»aeh matemal on it, Sure you!.ve got your “basgic o

m.a ke )
i

shoulder anatomy and stuff, 11~ke it's packed wlth bobﬁ B
) and that, but when you get into like sports 1njuries,,~'~

"é‘f‘”_like espec1ally basebal‘;t is very hard to f1nd

. 5
o P

: v T

. [}
-R., ’Well wh‘at

. was’ thmkmg of wags,that you ‘at least "

_haﬁ the topzc (D2:

w
. “A"

'the point.
UZOkay. |

1 fin&’fstudents have probl" s' q:ming up mth things

that 1nterest g ﬂn, eu know. How can "‘I make that

) . o F e
»

easier fqr ‘them and how can 1 help,' -so:.’t of, them

to..tc‘;;:”’i don t want tos: exactly lead em to ’ a

'problem, but how can I hel.p them sort 1t- out ?‘01:

themselves wlthout laying out the categones - whlch you
. y g

" *
. # . " »

said you don_tlllke?

Dpl: 1 guess 1f yag want tb do. .t that way, then Just...

better t’ell them pick ydu? own top1cs from the ones thatf

you know... some w111 do. (un1nte111g1ble) ahd some

»iwon t..ybu know, 1t s hard to, you' cah‘t Just. ’ I~-don't'

A R . ‘..
_'lknow if there.“ any way that you reaily could help them’ A
A ,’besides, you know, tellmg them, "okay, you do thls, ‘you s
’~"'?do th1s-, you do thls, 1f you don t wantg? to - do tﬂat"ﬁ‘

‘So, prqbably the only th1ng you could ao, I guess, gzve

s R »
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them t1m5kea“f ;?n the year to...you knonleyuu are go&ng

I‘ LSS

to have to dc this projeet and outlxne the key..swe had

Al

S to havg our outlines 1,‘ qu!te a bit befgne the paper was

€6,

K k "v i
and maybe if some are™ hav1ng problems hen, maype you

kW “‘E«m W‘“ &'

-

L4 Co ip, ﬂ *
could help those ones. o e “'; ”
e 2o : e

.
. ..
. N . v ‘ > »
& . . 4 ' : . .
. o . »,‘ . ) ) ) . . , . R
s : ] L o ¢ " . s

* 'n’
‘ JJ Yeh...I

o

was just go1ng to suggest...one thlng, yOu ‘

people Sae

llk\e, N
\
'toplbs and I m sure that there's 901ng to be dne

]

. appealsg to evq;y'student.:vwhere has to be. Because"I T

11y agalnst g1v1ng dlfferent tOplcS,vaQ.

fde range "of maybe th1rty' or forty d1ffe:ent

think a lot of the'problems; ahfesort of, goes‘back to-
. ¢ . -~
}: what...you thlnk somehow you can't see anythlng that

i appeals ‘to you,ayou know. ., You really, you worry aboutu
, .

what you aré going to do about 1t ‘ And then you might

) see/gne that sounds real 1nterest1ng. You knowﬁ if you;

s

"s&e somethlng.'kn ,..“ S - . .
- @ A‘”, 3 . ) . ) .
Rs .One’. student, ah, a student’ 1. was asking this
quest1on,-“How do you choqge a pro;ect’" And they}felt

\.' - : . .

‘f‘that,part of -their problem was that ‘they had this idea

. . 2
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. it.hag to be scientific and...'”my' little'ques'fion_é,b.ouﬁ,

:ﬁthe shoulder isn t really ‘sc1ent1f1e. “;It isn't big
N
enou ha; It isn't a real ‘earth shattering discovery

"is_,;t,ho,{"ng t‘,o cOme out of it". Did you'ever feel any

2
VoV
kind d! sense of "well my projeét isn t rea*y

y ";h;m’; beevause "it's not scientific. It's not

%

. a 1itth bit.‘ Jl‘!emost .impo'rta.nt thing is to

‘stg’y y from somethmg too broad. If the subject"s'

too br’oad then you Just drown yourself. - You'll start,

%ﬂ l:hen you'll lose your way around. It...it...for _

‘Ir

T teal'ly spec1f1c. . , s
N \""‘,\‘h S . e .
R:™ ,Okay.mo,ov,g.-- ) : - B

J: Mayb'e« what you ~c:‘a:{ do is say give them-a list of

‘-about four thmgs or somethmg lxke...you know, g";ive
them a paper saylng this |is what studenf:s m Alberta
jwrxte about and g1v€a blg long l1st and I m sure they

: can give themselves ail kmds of work...
. : . k' e e,

3

R: ~Somethirig they do find.nhéelpful is I tend to 1a%y -‘out .

N \ - .
‘f!bm?y to find a toplc I think it's good to find -

-
-

’
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1ast ﬁyeat s projects (unintellfgible) and so students

“fet a, ense.aiﬁ‘p 1ntere¢ting %hey can get a sense too‘;

of what is good and* what is bad as a project.; I don't "

Yo
- put marks*on‘ »the p1eces of paper that, ‘ate out on the

;ﬁjand that helps-

K .supposing now that the students have got their
\

project, ah, topic. ' They have defined thexr problem,
again what adv1ce can you g1ve me, ah, how c!ﬁ 1 help
you do your‘projqpt? | | o

L Js Get .excited aHbut' it. (General 1aughtef) Like,’.
'.when you get exc1ted then they get exc1ted too, a bit, -

e

maybe, probably. S o | ﬂ*@ﬁﬁ*_Jq

Dl: Yeh, (uqinte%ligibie).;..well basically you just

have to show interest and offer encouragehent.}.maybe
sort of kedb on asking h}m‘bow it'sy comin... .

‘ R _ ’ ,
R 2

-~ -t
L]

D2¢ Yeh, 1f .you keep asklng then I flna you knoy, i€
'

the kteacher keeps ask1ng ‘me lots of stuff about it then'

you tell him all along, then you don't wanna, you' re

scared you might let him down so»you make,sure you...put

‘e

in a fa1r amount of;work or someth1ng, you know. As
: : 8 )
long as the teacher knoéws ' what you're doing and

.
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everything A\ not. as if just you say you are going

\to do this an% b)n a few months later get the paper and
nothing is sa}é in besween or something then, I don't

‘know. If ybu ' ye been talking to the teacher al], along
~then you feel that you're goxng to let him down if you

‘“don t....(ﬂunintelligible)...I don"' t wabt the, teacher to

,{ -
o *think’ ,that I cﬁd it less than 1 sa1d or something,
' tha;'s you kpow.... ;\‘~f\e _— ‘ N "

e to help

‘C:” I think aiso the teacher shoul
9 . . .
wa.th fmdmg resources, l1ke you say, sUggestio‘hs ,

.v., » ‘a

that maybe you could talk to 'so and . so. about mférmatxon

s
™4

‘ tegarding this and; ‘ah, sort ‘0of help aldng that ddne

¢ ‘ . .
too. , : : v

\ ‘ /
R: I know that you (1nd1cat1ng J) said that you talked

to some people abou.t your partlchlar project, what about

e O

" the rest & you d1d you have an opportumty to consult
_other,people_ bes1des?,the teacher? 7o
. ’ s . . .

- ST

D2: Yeh I talked, like ah. to my pltchu‘g coach and*.
R} '(/
" even sometme ith doctors inm_ the area of° sports

- hd

‘.,

injurles, W was- pretty good. And they showed me

some equip nt they ugtd *and stuff like ‘t.h\at.

£l
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.

LGN T

" R:" Did you find that they were reasonably receptive to
you or did they say, "Ah, it's a high school kid wanting

‘to know about..." ‘ : ) oo

+

D2: ﬁéll + most ’ofv the people 1 did talk to 1 knew’
: before, so that helped right there.< 4
‘1 guess they sort of took interest -like, he's

mterested in my area of work, so they sort of gave me a,
spec1a1 tour of every:‘hﬁnq. They helped me, l1ke they”'

gave me - some ext@a 1nformat“10n . which..right off the

»

press so to speak. T T J - .

R: . I foind that: basically if my students go ask

e 5" ’
<

someone they. are more than p}appy to* share their

interest...it sort of breaks up” the monotony of their

‘,‘ .

‘daY’ .
t
\ o .
J: Ano't’herr"good thing ‘to do -is to encourage them #0 ‘do
f1e1d work too.‘? Like do somethm% or (un1ntellig1ble)4

»

. It gets them more involved m\ the pro:ect than jus&:

;eadmg 1t out oﬁ a book i That sor\t of brmgs 1t clw
‘to . let you examm%,,.z;_?your own, like, your cert*ﬁ

spec1mens m’ thJ.s aréa or sometmng like that -and you

.

1 3 A s
R



‘\paygftogoou:;,.andfﬂhag's a 5:¢at‘8?Ud{;,“
‘ ;f o “ S ,,am;mfwu S s
R: ' OK, one lalt...gorhﬂps ono 1ast question.

'should I not allow students to do for projects?

(Long ‘silence)

W .
i

J: Broad topits.

A ;ﬁad7tpp}cs?

e . . v . -
3 - “ .
L% .

t N Y ‘ " ’ 3 ;,;
J: Yeh. ’I}temembér last yearufor my “biology project -

!ﬁfhe first gssax 'd ever had to write like that, sort

1

vof, T ju&'t picked 'the " whole: topic “plants" - 11ke nm

i

(one) plant, Just “plants" bu know, and it was llke'

ridic 8, ylu know, but my teac‘ a.d1dn t say anythlng'a

and I Gasn 't even like wrltxng my’ essay fot h1m...he
sald, "Oh. put a b1bllography" I d1dn "t even know What»
that was, . you know.f So he didn t have it, but...‘pdon £

)

know - stay away from broad ;opfcs. .

Lo .
I

e sorti 95 field

)

work,-Ot so eth%ngqbes;?és the llbnary reaearch?1nclude$i;

(Qho:t stence) -" - R
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""R: Any other don'ts?
(Silence) S AT
R: “OK. Any questions that you. want to ask? You've

_ gone through all those tests 1 gave you, anything strike

| youinow..." S

; ‘ - o . W
0 , L

D23’ Nhat is this for? - You pﬁttinq' out a hbook:‘on\h

P
Ll . - ) v ,“‘ - l.
_PrOjec s? : R , S o we
| . ! \ . .
— \\rp A !
R: No, well.. o Y | g f‘ v \
e L o o o R o
D2:  Is it like a teaching aid or something? o

L] . 4

¥

R: . Well, WHat I'm doing is, hmm,t’I*m doing theSi

research I have to do my fleld work and in eSSence
vl"

is very mudh 11ke a ptoléct:. 1 the to come up witlv

'problem, someth1ng that interests/meu‘ 1 have to qg e up
’ with awstateme t of the problem. I have to come

%

. / |
‘an hypothes1s, (1 have to go out and collect data. I-

Jﬁhﬁve§to then come to some sort of conclu51oh“ : ;4;

My hypothesxs xs that the k1nds of EQOJects that
you do' the kind of satlsfaction you get out .of it; the )

.
L] ¢ N



. flrstwblue°test was sor%sp"
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klgds of thlngs you th1n‘ you 1earn from these orOJects

relate "to - your problem ‘ olv1ng 'abantles. | Now that

i

p hm, varlous problem solv1ng

Strategies—e'and in’ essence I .am’ sort of say1ng 1£;y9u»'

S . '

'4

/pendulum mhen your!would

A

~can! t <flgure out how to control the varlables ~on L8

1

‘flgurxng out how to control ~var1ables yin- a ‘lelQQYmH;

'prOJect. 1 don t know,:'In cou}d be provgn 'entirely

/

' wrong. »You know I haven“t got much 1nformat1on at the f’

&

: moment, bﬂ; at the moment the only 1nformat10n ! ve goth

_ 4 -
says there 1s no rehatlonshxp So I am . very much like
your project (turning hd)f?in& that‘axt S not..;the'v

aDlants aren't. dylng.;(laughter) *:\:9‘131“' ';‘“\‘_‘K

vSomething l1ke tﬁat.

But what 1 w1ll do 1s,'ah it w111 take me alI of;r

“@

May and June to collect data, llke tﬁls, from about 8 orV

1

9 schools, like yours.ak And then I \have. to 51t down .

a‘.

through the wlnter and try and t1e together what I veg»'

T

'faund with what other l1terature says §bout the whole
problem and then wr1te a the51s andrlt 1Sn t eXactly -a

book, but 1t will come out't,_,o. 150 - to“\[\. pages.

\ +
Y

But 1t s pretty much 11ke yours yours.came out'

<tthk w1thout too Huch effort because you usually have

\

»your statement of. the problem and ybur hypothe51s,and'
A R

‘robably ha@e dxfflculty‘f”"‘



you've.got your lyterature; 'You'vé got your‘diagrams

-and allsthat‘jaZZ/"Ah, 1t ﬁ very much analogoms to the-

k1nd of thing that you ve/ one already Whlch is good
™~ /

for me because/I had to go through the same kinds of .

fthlngs llke fand1ng somethxng that wasn't so- broad that;

1t would ta@é me 5 years and several thousand dollars to’

do. But yelso someth1ng whlch was of 1nterest ‘and_

).
{ ; ) .
14 ' . : - . < . J

importanqe to me. -
Y /

/

C: So what you. m1ghR be™ say1ng thenvis,fare yoq‘sort
of golng to come up with a statement for or fagainSt

:....(end of the tape)

(The tape was. tUrned over and started agaln after ‘a few-

Minutes.) | \
i N '

J: Not every kid is going to get so interested they're

901ng to learn from their biology pro;ect, but the kids
’

that to, I mean the klds that learn will be able to do

_real well (at un1ver51ty).

;o

C: I think a lot of them .. (unintelligible)

Y
g

R: OK, any more questions?

o



. D2: I thlnk the major point I would llke to get across

s

'-that teacher trles to relate 1t 'to school asszgnments

‘the better, 11ke ‘the harder I° ll work at 1t L1ke when

a1 . . w

:‘you have - your set categorles and rlght away you ‘start

ﬁbe a_better project." . ‘t"»

‘

thlﬁklng thxs 1s classroom mater1al whlch it is, llkev

r® . -

' . v o - N
*

P

"R: ¢ Ifnthere afﬁ\:&ﬁi more‘gquestiohe I would llke to

and I will try not to reduce you to computer numbers.

N

: Thank you very much. a o K .

197

_1s tgat I _see the project as my own work and the lesst

| 3if‘1t has to do*w1th the school...well my own, work would'

.‘thank you for your tlme and I apprec1ated your comments‘
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»

RAW DATA
COLUMN LABELS

" For the purpose of computef analysis the following
columns and code assignments were given to the data for
thewtable included.

(3

‘Column L Code
© 143 A three digit student number -
41 ‘ " Gender: l=male 2=female
5-6 : ,/ IOLT total score:; Range @ to 10
7 ~ Group Size: iéiﬁaiQidual 2=small
. S .éroup
. . 3=class
8 Ty fhe-"Pnoblem": 1=s€udedt-?=togéther
i k3¥teécher
9 B Time required to complete
’ \\the projéét (hours):. .
l=less than 5 225  3=10

4=15 5220 6=25

7=more than 25 -t



-

11

12
13
14

15

16-20

21-40

202

LN

Biology éougse gradé, est?ha"
by‘tﬁénstudeﬁfi
| 120-49%  2250-59% 3=60-69%
| 4=70-79% 5-80-100% -
Columns 12 tolls,‘inclusive used
the following scéle‘of % to
indicate the amount of time
spent in the project:
@=0% 1=0-24% é=25%
3=26-49% 4=50% 5=51-74%

6=75% 7=76-99% 8=100%

-7 )
Experiments
o -
Literature Research
Model Construction
Collection of Specimens
Blank

SPI items: ,
i

1= Strongly Disagr®e
2= Disagree !
3= Agree .

4= Strongly Agr;E
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40-42 , _ Blank *
:43—62' ’ IPSI items: o
‘ @= Not Applicable
- 1= Not Learned Well
’ 2= Learned “ . -
3= Learned Well
63-64 ~ Blank . ’ v
65-70 » Age: YYMMDD -
71-80 ! TOLT data: @ = incorrect

1 correct .,
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