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ABSTRACT
Quantitative and qualitative methods were usec#onne the relationship between
teachers’ attitudes, beliefs, and their perceptairfudents’ attitudes about Science and
Technology (S&T), gender differences in studengdtgrns of S&T learning, and
teachers’ perceptions of scientists and S&T. Amarof 50 grade 4 to 8 teachers
completed an original questionnaire and 10 of thp@sécipants were subsequently
interviewed. The quantitative results suggestatitdachers that perceive their students’
attitudes as positive and hold no prejudices aboentists or negative opinions about
S&T tend to perceive no gender differences in sitglattitudes. The qualitative
analyses concerning teachers’ beliefs about sstsfi&T principally confirmed all
guantitative findings. The further explorationtbé relationships between teachers’
attitudes and their beliefs concerning scientigt3/Sowever, indicated that the results

are two-edged.
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CHAPTER |

INTRODUCTION

A. Statement of the Problem

Elementary school teachers have a vast respomgitalintroduce students to
Science and Technology (S&T) and to motivate themedrn subjects related to S&T.
Ideally, elementary school teachers create theesmdand emotional/mental basis for
their students’ S&T comprehension and encouraga tha& only to continue the study of
those subjects but to become life-long learnethose areas. If more students take S&T
courses in high school then there is the likelintiat a greater number of students will
enrol in science-related courses in higher instihg of learning. This will result in
preventing a shortage of workers and academic&intBat is predicted globally
(Angell, Guttersrud, Henriksen, & Isnes, 2004).eTiumber of female engineers,
computer scientists, and physicists that work dustry and the academe is decreasing,
in contrary to the overall increasing number of veonn the workforce (Statistics
Canada, 2006). One way that can help with thidipaenent is enhancing girls’ attitudes
toward S&T and encouraging them to study S&T imaatary school, which is to a
major part the responsibility of their teacherss s been shown in regards to early
mathematics teaching, which forms the base toghming of S&T, an elementary
school teacher who does not enjoy or is anxiousitaieaching mathematics will most
likely transfer her/his negative attitudes to hisrAtudents (Clements, Sarama, &
DiBiase, 2004; National Research Council, 1989).

The purpose of this study is to investigate thitualits grade 4 to 8 elementary

school teachers adopt toward the teaching of S&Thenw this disposition is shaped by



their perceptions. That is, to investigate howrtatitudes are influenced by their
perceptions of students’ S&T learning, their ima@¢he scientist, and their views about
the nature of science. Furthermore, one of theatives is to explore whether those
educators’ beliefs and insights of people who workcientific/technological fields
affect grade 4 to 8 educators’ teaching, partitplarregards to the gender of their
students.

Research in this domain is crucial for severalonasFirst, there is a scarcity of
research about grade 4 to 8 teachers’ attitud8&ioas taught in elementary school as
well as practiced outside the school environmeato&dly, there is need to investigate
elementary teachers’ beliefs regarding the nattiseience as well as to explore their
images of the scientist, which is particularly imjaat in order to detect possible sources
of biased teaching practices. Thirdly, there i®eassity to enhance students’ interest in
S&T so as to increase the number of students cpgatly female students, aiming for an
education and career in related fields. Fourthetiehope that grade 4 to 8 teachers will
become aware of their attitudes toward the teacbir® T along with gaining increased
awareness of possible inequities in their S&T c¢lams. And finally, research in this
area is of importance in order to agitate for pgefenal development programs and other
services that would help in-service grade 4 tca8lters in their S&T teaching.

B. Definition of Terms

Attitude: in psychology, attitude is a feelingeanotion toward a fact or state. A model
developed by Fishbein and Ajzen (1980) describdadimidual’s attitude toward

any object as a function of the individual's bediebout the object as well as the



implicit evaluative responses associated with thiedeefs. Attitudes are expected to
change as a function of experience, in contragetsonality.

Attitudes toward S&T: the term derived from theidgfon of ‘attitudes toward science’
proposed by Osborne, Simon, and Collins (2003)resdbeen expanded for the
purpose of this study to include technology. Thaes attitudes toward S&T are
the feelings, beliefs and values held about ancbltijat may be the endeavour of
S&T, the school subject S&T, as well as the immd@&&T on society or scientists
themselves. These attitudes are shaped by sewdralonstructs, all of which
contribute in varying proportions toward an indivad's attitudes to S&T, and can
be expressed consciously or unconsciously.

Comfort level/zone: “...is a behavioural state withwhich a person operates in an
anxiety-neutral condition, using a limited set ehhviours to deliver a steady level
of performance, usually without a sense of risk’h{i&, 2008, p. 3).

Confidence: is generally described as a stateioigocertain that a chosen course of
action is the best or most effective given thewintstances (The Oxford English
Dictionary, 1989).

Gender: is based on the gender identity of arviddal. According to Yoder (2007), it
is a person’s own sense of identification as digtished from actual biological sex.
The term “gender” as used in this study refergexHically social differences
between two or more sexes, known as gender radsth socially constructed.

Gender bias: adapted from the term “bias”. tafined as the inclination or prejudice
for or against one person or group, especiallywag considered to be unfair (The

Oxford English Dictionary, 2005). Gender bias didxs a judgment or action that



is influenced by a prejudged perspective of geddérences (see gender
definition above). Teachers that exhibit a tengidndavour a certain set of values
regarding gender are, therefore, inclined to arvenelispensation of judgment.

Perceptions of Students’ Attitudes: The term dsdifrom the definition of ‘perceptions’
in general as given in the Encyclopaedia Britan@aéine (2009). “Perceptions of
Students’ Attitudes” are defined for the purposéhig study as teachers’
perceptions of their students’ attitudes toward 3&arning. It is assumed that
these perceptions are based on teachers’ obserwatictudents’ behaviours in the
S&T classroom, which are most likely influencedtbgichers’ beliefs and opinions
about students’ attitudes. The existence of setation between attitude and
behaviour is widely accepted in social psycholo§jgé€n, 1988; Fishbein & Ajzen,
1975).

Rotary Teacher: is a teacher who ‘rotates’ betwktearent classes and grades to teach
one particular school subject, according to stualyigipants (oral communication).
Rotary teachers are commonly specialty teacheeshsl®w) or educators who are
exceptionally knowledgeable in a certain area argt gkilled in teaching it due to
their education and/or job-related experiences.

S&T: is the school subject with the same nameeasribed in the Ontario Curriculum
Grade 1-8 Science and Technology (1998). The @nkéinistry of Education and
Training does not distinguish between the schobjexis Science and Technology
and incorporates in its guidelines the teachingnofwledge from all scientific and
technological disciplines. Further, S&T as usethia study includes all aspects of

scientific and technological fields.



Scientist: is a person with expert knowledge adrsce; a person using scientific
methods (The Oxford English Dictionary, 1989).

Self-confidence: is having confidence in onesdiew considering a capability (The
Oxford English Dictionary, 1989). It also relatesself-assuredness not only in
one’s personal ability but also one’s judgment poder. Self-confidence is often
equivalent to confidence (The Oxford English Dinaoy, 1989).

Self-efficacy: Each individual has, according @anBura (1981) a sense of self-efficacy,
which is “concerned with judgements about how wek can organize and execute
courses of action required to deal with prospeditigations that contain many
ambiguous, unpredictable, and often stressful, etesi (pp. 200—201). Self-
efficacy is an accurate predictor of performanceegbe with low self-efficacy
about an activity will tend to avoid that activityhereas people with high self-
efficacy will make vigorous and persistent effatsl will therefore be more likely
to complete the task successfully. Bandura (191&0)identified two critical
components of self-efficacy; ‘efficacy expectatiomse beliefs in one’s ability to
successfully execute the behaviour whereas ‘regpongome expectancies’ are
beliefs that their actions will produce the desioedcome. Self-efficacy is a
construct of both of these beliefs that work togetio determine behaviour.
Bandura (1981) also emphasized that self-efficadyghly context-dependent, so a
person may have a high self-efficacy with respedrte task but a low self-efficacy
with respect to another task.

Self-esteem: is the confidence in one’s own worthbilities (The Oxford Dictionary of

English, 2005). In order to maintain a positivaseof self-esteem that derives



from competence-related beliefs and values, a persght lower the value s/he
attaches to difficult activities (Eccles & Wigfield002). Although Eccles and
Wigfield (2002) worked with students, their gendnatlings can, for the purpose of
this study, be adapted to teachers. Itis, thesessumed that a teacher’s self-
esteem most likely influences her/his attitude a@othsequently, may be reflected in
her/his behaviour in the S&T classroom.

Speciality Science Teacher: is a teacher whoasiafized in teaching S&T due to
her/his educational background (oral communicatih school principals). Most
elementary schools with large student populatiartbeé region of this study have
speciality science teachers who teach S&T in ségeaales, mainly grades 7 and 8.
In elementary schools without specialty sciencH,stgery teacher teaches S&T in
her/his own class (oral communication).

C. Research Questions and Hypotheses

l. Key concepts related to teachers’ attitudes tdv&& T teaching
1. Teachers’ confidence in S&T teaching
2. Teachers’ educational background/preparednessith t8&T
3. Teachers’ experiences (years of general teachid@g&T teaching)
4. Teachers’ perceptions of students’ S&T learning
5. Teachers’ perceptions of gender differences inesttg] S&T learning
6. Teachers’ perceptions of the nature of S&T
7. Teachers’ perceptions of scientists/engineers lagid work
8. Teachers’ perceptions of gender differences imsei@nd engineering

fields



Research questions

The following research questions guided the ingasion:

1.

What is the strength of the relationship betweechers’ attitudes toward

S&T teaching and their perceptions of studentsuatés to S&T learning?

. To what extent do teachers’ attitudes to S&T teaghelate to their

comfort level in the S&T classroom?

How do teachers’ perceptions of students’ attitudeS&T learning relate
to their perceptions of gender differences in sttslattitudes and are
those perceptions related to teachers’ beliefsopitons of scientists and

S&T?

Hypotheses based on quantitative data
There is no statistically significant relationshigtween teachers’ attitudes

toward S&T teaching and

a. their science education in high school;

b. their science education at university or college;

C. the number of years of overall teaching experience;
d. the number of years of S&T teaching experience;

e. their knowledge gained through continued S&T leagni

There is no statistically significant relationshigtween teachers’ attitudes
toward S&T teaching and their perception of

a. students’ S&T learning in general;

b. gender differences in students’ S&T learning.



. There is no statistically significant relationshigtween teachers’ attitudes
toward S&T teaching and their perceptions of S&T.

. There is no statistically significant relationshigtween teachers’ attitudes
toward S&T teaching and their perceptions of ardg@eor an engineer.

. There is no statistically significant differenceween female and male
teachers’ attitudes toward S&T teaching.

. There is no statistically significant differenceween female and male
teachers’ attitudes toward S&T teaching and therfcgptions of students’
S&T learning.

. There is no statistically significant differenceween female and male
teachers’ attitudes toward S&T teaching and theiceptions of gender
differences in students’ S&T learning.

. There is no statistically significant differenceween female and male
teachers’ attitudes toward S&T teaching and theicgptions of scientists

and S&T.



CHAPTER I
REVIEW OF THE LITERATURE

This study is an investigation into elementary sttie@achers’ attitudes toward
the teaching of S&T and some of the factors thifwémce their S&T teaching. More
specifically, this study seeks to establish whetrade 4 to 8 teachers’ attitudes toward
S&T teaching is shaped by their knowledge, thepegiences, their views about science
and the scientist, as well as their perceptiorserhentary students’ attitudes to the
learning of S&T.

This chapter begins with an outline of studentstuades toward S&T. It
continues with a discussion of research that exathieachers’ attitudes toward S&T
teaching and the causes for it. A review of teexhmages of the scientist and their
beliefs concerning the nature of science is dislis§ he chapter concludes with a
summary of the key issues raised in the literatewesw.

Students’ attitudes toward S&T learning

Young children commonly have a positive attitudedad all school subjects, a
natural curiosity about quantitative events andespnoblem-solving skills when starting
school (Ontario Ministry of Education, 2003). Thigitude shifts, and students of both
genders begin to lose interest particularly inrsogeand academic subjects that require a
more advanced knowledge of mathematics towardrideoégrade six (Jones, Howe, &
Rua, 2000; Simpson & Oliver, 1990). Moreover, adgrrgap appears soon after, with
more girls than boys disliking science and techgplcasses in middle school
(Catsambis, 1995) and with more girls than boysgput of science classes in high

school (Watt, 2005). This trend continues in sor&é& &lated disciplines such as



physics, mathematics, engineering and computenseim higher education with
decreasing student enrolments overall and fematkests in particular (Canadian
Association of University Teachers, 2007). Consetjyethe number of young people
pursuing careers in those fields is not keepingvitip the demand in Western
industrialized countries (Angell, Guttersrud, H&san, & Isnes, 2004). University and
college students’ indifference to the hard sciermsebdisciplines requiring an advanced
knowledge of mathematics derives from their atgttml those academic subjects that, in
most cases, is caused by several, often intertwinadbles (Osborne et al, 2003).
According to these authors, it is this enmeshmémanables along with the fact that
attitudes are essentially a measure of the subjegpressed preferences and feelings
toward an object that makes it extremely diffidolexamine attitudes toward science.

Teachers’ attitudes toward S&T teaching

One of the main variables that have been identdgedssential for the formation
of students’ attitudes to science is the teaclatitide to the subject and her/his
behaviour in the classroom. The existence of eetation between attitudes and
behaviour is widely accepted and has been idedti#gean important attitudinal feature
by different researchers in social psychology (AjzZE988; Fishbein & Ajzen, 1975) as
well as in science education (Koballa, 1988; SkkiglL990; Zint, 2002). According to
Zint (2002) one, if not the most popular and susftégheories in attitude-behaviour
research is Fishbein and Ajzen’s ‘Theory of Readoh&tion’ published in 1975 and
1980. The model describes an individual’s attittaeard any object as a function of the
individual’'s beliefs about the object as well as timplicit evaluative responses

associated with those beliefs. That is, a persam lvdtieves that performing a given

10



behaviour will lead to mostly positive outcomeslwibld a favourable attitude toward
performing the behaviour, while a person who belgethat performing the behaviour
will lead to mostly negative outcomes will hold @mfavourable attitude (Ajzen &
Fishbein, 1980).

In their profound review, Osborne et al (2003)diseveral studies indicating that
the most positive attitudes to science held byesttglin all grades were associated with a
high level of personal support by the teacher fledcbmments teachers made in class.
Similarly, Fisher, Waldrip, and den Brok (2005) folin their study with 2178
Australian grade 5, 6 and 7 children a positiv@eisgion between students’ attitudes to
science learning and the teacher’s interpersori@\eur in the science classroom. That
is, students enjoyed learning science more the thefeteacher interacted with them
before, during and after lessons, the more s/hedigpcontact, smiled, and provided
humour in the classroom (Fisher et al, 2005). Hmwreteachers also benefit emotionally
from positive teacher-student interactions. Acowgdo Hargreaves (2000), elementary
and secondary school teachers attain emotionakdsveand ‘psychic rewards’ from
positive feedback from individual students as vaslwhole class groups. In his
gualitative study with 53 teachers, Hargreaves @2@@und substantial differences in
elementary and secondary school teachers concdimrtgpe of affective reward and the
degree of importance of both emotional and psyawards. Emotional rewards due to
positive incidences with the whole class were c#tedhe main cause for adopting
positive attitudes toward teaching by all elemgnsmhool teachers that responded
satisfactorily to the appropriate interview quest{blargreaves, 2000). These teachers

felt emotionally rewarded by, for example, beingdeints’ most favourite teacher,

11



enjoying humour and informality with students, axperiencing “lots of ‘warm fuzzies’
with their classes” (p. 818). Individual breakthghs of students have also a positive but
less salient impact on elementary school teacladtifides. About half of the
interviewed elementary school teachers that resgmbndeably to questions concerning
positive incidences with students regarded indi@idwccess cases of difficult or
demanding students as most emotionally rewardiragdi¢aves, 2000). These individual
cases are what Lortie (1975) called the ‘psychicarels’ of teaching: “Teachers feel
rewarded when students show affection toward agdrdefor them and when students
demonstrate that they are enjoying (or have enjotyer learning” (cited in Hargreaves,
2000, p. 817). Psychic rewards, therefore, sedme tas dependent on individual
student’s learning (cognitive domain) as on the tewnal well-being (affective domain)
of all students in a class. This stands in cohtapurely’ emotional rewards that are
mainly based on close emotional bonds or affeatn@erstanding between the teacher
and her/his students, and secondarily on studeatgiitive learning. Hargreaves (2000)
also found that relatively more secondary than elgary school teachers feel
‘psychologically rewarded’ or satisfied with thé#aching when perceiving students as
emotionally and cognitively engaged in learnindnafis, teachers’ enjoyment, which is
one of the major components of the attitude conaeE@mingly becomes more positive
with the degree of students’ learning — a positalationship that is further associated
with teachers’ expectations for students’ learrihmag in turn rise with increasing grades.
A positive association between teachers’ attitudesrd teaching and students’
attitudes toward learning has also been descripeftdniund (1995). In his comparative

study that was part of a cross-cultural study imvam seven nations from North America,

12



Europe, and Asia, Stenlund (1995) investigatedétationship of teachers’ perceptions
for students and student learning with teachemitesiasm or discouragement
concerning professional work. Semi-structurednepeded interviews were conducted
with groups of two to 16 secondary school teactteasexplored sources of enthusiasm
in teaching, sources of discouragement in teaclaind,possible solutions to
enthusiasm/discouragement in teaching. The arglpssed on frequency distributions
and chi-square tests to determine the significahckfferences between the participating
countries, revealed a consistency of responsesdiagsstudents and learning across all
countries. One of the main findings is that teastoé most studied countries need
students who are responsive, attentive, and eadearn in order to enhance their own
enjoyment in teaching (Stenlund, 1995). Moreotegchers appear to attach fairly
significant importance to individual student grovetind development and the bonds that
develop between the teacher and student as pregwaaditions through which the
teacher gains enthusiasm for his or her work [jfe"156). These findings are similar to
the outcomes described by Hargreaves (2000) regathde positive association between
teachers’ attitude to teaching and students’ ditio learning. That is, teachers gain
emotional rewards from positive incidences withwiele class as well as psychic
rewards from individual student’s positive develagnand the emotional bond that
develop between teacher and student (Hargreaves).20

Interestingly, the positive relationship betweescteers’ attitudes toward teaching
and students’ attitudes toward learning suggesgeddrgreaves (2000) and Stenlund
(1995) was proven true not only in regards to teegtpositive stance on the job but also

with regard to the discouragement encountereddhiers; that is, negative disposition
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to their job as found by Stenlund (1995). To beemrecise, the main source for
teachers’ discouragement is the perceived lackativaition in students (Stenlund,
1995).

Teacher-student interactions — Gender issues in S&T

Research from the 1980s that focused on the asisocizetween teachers’
attitudes and students’ attitudes suggests ther@me of a pattern with respect to
gender and sciences in general and physical s@engarticular (Kahle, Anderson, &
Damajanovic, 1991). Kahle et al (1991) investidat#itude changes in Australian and
U.S. American science teachers as well as studétetsthe educators participated in one
of three workshops. One of the main goals of gigntitative study was to assess
whether grade 4/5 science teachers, who particlpata workshop about equity issues,
teach an electricity unit differently from theirl@agues who participated in a
methodology workshop about electricity or colleagyudo took the same methodology
workshop plus the workshop on equity issues. Agothain goal of the study was to
examine gender differences in science teachersepéons of students’ learning before
and after the workshop. And lastly, the study aineeinvestigate whether female and
male students’ attitudes toward the learning afrsoe differed depending on the kind of
workshop their teacher participated in. Kahle hadcolleagues used two different
guestionnaires with Likert-type questions, onetéachers and one for students, in order
to assess changes in teachers’ attitudes and miex@ender differences in teachers’
attitudes toward science teaching as well as pregireptions of students’ attitudes to
science learning. One important finding of thedgtis that both female and male

students’ confidence in learning physics, whicthes scientific subject that is considered
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most difficult by all participants, increased aftieeir teachers’ participation in one of the
workshops. Moreover, while male students’ confaemprovement was generally
lower than female students’, the difference in stud’ confidence before and after the
intervention program was considerably larger indtFa than in males after their
teachers’ participation in the equity workshop.afis, significantly more female
students than male students in the Australian la@dJS sample gained confidence and
interest in doing physical science due to teachecseased awareness about equity. This
result led to the researchers’ proposition thatralar improvement in teachers’ attitudes
toward the teaching of physics occurred — an assamthat has not been proved
judging from Kahle et al.’s (1991) article. Howeyvene of the most important findings
of the study is that female students’ attitudesualpbysics were more negative than male
students’ attitudes and that a similar tendencyfaasd in their teachers. Kahle et al
(1991) stated “When one relates teachers’ peragpabout science for girls and boys to
their own attitudes about teaching science, a paémerges. Both the Australian female
teachers and the overwhelmingly female sample 8f téachers stated that they were
less skilled and had inadequate knowledge to tphghical science. They also perceived
the girls in their classes as less interested esgldonfident in physical science” (p. 215).
The given explanation for these results is thatheabiases and concerns regarding
science in general and physics in particular weobably transmitted to the students,
particularly to students of the same sex (Kahkd,e1991).

This unconscious transmission of emotions betweachers and students of the
same sex is one example of a behavioural paradigtrcan happen in the S&T

classroom. Another example would be the affe@xehange that occurs between
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teachers and students of the opposite sex. Thaesahers of both genders interact with
their students is guided by a gender paradigm ¢imel paradigms, e.g., racial) that is
grounded in both teachers’ and students’ sociahizat

Teachers’ behaviour in the S&T classroom that @esrivom their attitudes to
S&T teaching, therefore, may be influenced by tigeinder and, as a result, may differ
depending on the gender of the students they tamcting with. Jones and Wheatley
(1990), for example, found that physics and chesistachers treat male and female
students differently in the classroom due to dieatgxpectations the educators hold,
and different behavioural problems they encoudtenes and Wheatley’s substantial
study, which was based on direct classroom obsensbf 30 physics teachers and 30
chemistry teachers, found statistically significgahder differences in teacher-student
interactions. The researchers observed that boysxample, called out responses to
guestions significantly more often than girls. Blatudents also tended to use louder
tones of voice when seeking the teacher’s atterstimhasked significantly more
procedural questions of teachers than did the festaldents. Moreover, boys were
significantly more often warned by their teached agceived significantly more praise
than girls. Particularly noteworthy is that theearchers discovered statistically
significant behavioural differences between mald f@male teachers. Male teachers, for
example, asked significantly more direct questiminstudents than female teachers and
male teachers warned boys and girls with approxipdhe same frequency. Female
teachers, on the other hand, had significantly na@eing interactions with boys than
with girls. One offered explanation for the deBed gender-related differences in

student treatment is that science teachers usbdekds a control mechanism over
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student behaviour (Jones & Wheatley, 1990). Thatachers try to gain control over a
class by giving boys more positive feedback as aglhegative feedback, which is often
expressed as behavioural warnings. These warrattgsugh initially perceived as
negative treatment “may in actuality have posigffects on the male student” (p. 869).
That is, as further discussed by Jones and Whe@t89p) girls may feel threatened by
teacher criticism and interpret it as lack of apiwhile boys do not. It has further been
suggested that “when male students are more owtspakd confident, then other pupils
see this as evidence that males in general are vatwed and capable” (Stanworth, 1983,
cited in Jones & Wheatley, p. 867). These pattehesefore, substantiate gender-role
behaviours and corroborate the hegemonic socitedtsre that is mirrored in the S&T
classroom.

Gender differences in teacher expectations

Another explanation for gender differences in alass interactions could be that
teachers hold different expectations for studeatetl on gender (Jones & Wheatley,
1990). These expectations could be related testusehaviour as well as their
academic performance. One important aspect oéatuzthaviour is how they use their
body, how active they are in class, and how theythsir voice, which may be different
between female and male elementary students. Gdiftlrences in the way and the
frequency students interact physically among edlcbrand in the way they use their
body during quiet time as well as play time haverbfund as early as in three-year and
five-year old children (Martin, 2008). These gendidferences are, according to the
researcher, partially corroborated by the pre-scte@zhers whose physical interactions

with girls and boys differed. Martin (2008) obsedvthat boys were more frequently
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physically restrained or disciplined by teacheemtfyirls. The researcher interpreted this
observation as the educators following what theggiee as a ‘hidden school
curriculum’ that “demands the practice of bodilyhtol in congruence with the goals of
the school as an institution” (p. 206). In othards, the teachers followed what they
believed is expected of them by school adminisiraéind society, which most likely is in
accordance with what they themselves experiencetiken and, therefore, expect to
happen.

Teachers in Canada tend to hold higher academiecéaqmons for adolescent
boys than for girls in mathematics and sciencddweér expectations in reading and
writing (Bussiere et al, 2001). On the other haha to the fact that more boys than
girls are perceived as disruptive and disaffectetithat more girls than boys are seen as
diligent and unquestioning learners (Walkerdine&)9teachers are more inclined to
expect lower academic performance from boys tham fgirls. Consequently, low
performing female students’ needs are more oftemlooked than the needs of
underachieving male students (Jones, 2005). EBy.Ji@wing teachers along with female
and male students that were identified by thosehtea as either high achieving or
underachieving, Jones (2005) revealed that teaainéns UK were not aware of the
female underachievers in their classroom. Thehacnot only perceived girls more
often than boys as high achievers, they did noélaelear concept of the underachieving
girl. The participating teachers not only identifimale students as underachievers twice
as often as female students but were convincedatbettain kind of boys were achieving
lower than average, which differs from statisti€sational test scores in Britain. Other

examples of teachers’ misperceptions found by J@@35) were that girls are more
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engaged, self-motivated, hard-working, and wellghwald than boys. Further, they are
thought to be more tolerant and accepting of peaching than boys. Another
misperception that was denied by female studerteisssumption that girls, in
comparison to boys, are advantaged in learningi&nghd that they like this school
subject better (Jones, 2005).

Teacher knowledge

Although a still rather disputed supposition, medticational researchers agree
that elementary school teachers’ attitudes towaede¢aching of S&T are influenced by
their knowledge. Besides the difficulty of detemmig attitudes about S&T teaching, one
reason for the indifference in this question mayhsecomplexity of teacher knowledge
that makes it extremely difficult to represent ithan one overarching framework or
theory. In particular, any representation of tesmdnowledge needs to reflect its socially
constructed and dynamic nature. Another problesiih the disagreement about what
knowledge is of most worth in S&T and, consequentiiyat knowledge concept has
been examined, and in which way. Some studies fuewsed on teacher content
knowledge while others concentrated on teachergmieal knowledge. However, it
seems problematic to draw a line between contenwladge and pedagogical
knowledge since both forms are interconnected agether shape the way S&T is
taught. A model that somewhat combines both caiegof knowledge is the
pedagogical content knowledge (Shulman, 1986). cbmeept of pedagogical content
knowledge integrates the realms of subject magtadent conceptions, teacher
understandings of specific learning difficultiesather knowledge, and beliefs about

purpose as well as knowledge of instructional sgias. Appleton (2002) further
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discusses what teachers’ pedagogical content kalg@lan S&T could entail:
“knowledge of students, classroom management, stssed, pedagogy, curriculum,
context, environment, socioculturalism, and theireabf science” (p. 394). The
predicament regarding S&T teachers’ knowledgefiected in some studies. Kumar
and Morris (2005), for instance, suggest that thedings of a significant correlation of
prospective teachers’ attitudes toward mathematdsscience with their scientific
understanding should be interpreted with cautibhe reason for this caution is the lack
of consensus among scientists and educators alhaatferm of knowledge (content or
pedagogical) impacts scientific understanding ospective teachers.
It has been suggested that a considerable numlederokntary school teachers
knowingly (Harlen, 1997; Weiss, Banilower, McMoh&Smith, 2001) or unknowingly
(Garbett, 2003) lack profound factual backgroundaience. Furthermore, the
pedagogical knowledge of prospective elementagnee/maths teachers, their views
and beliefs regarding their teaching methods, badmpact of those variables on their
attitudes or behaviours has been investigated qulistantially. Especially in the 1990s,
probably because elementary pre-service scienchdes performance in class had been
described as limited and of low quality (Schoon &Be, 1998; Tilgner, 1990), research
in those subjects had been intensified. In themmary of literature in science education
published in 1990, Finley, Lawrenz, and Heller (2P8elineated 24 studies on teacher
behaviour, attitudes, and beliefs, of which twadhiinvestigated prospective elementary
science teachers’ attitudes to science teachingealo

However, ample research shows that elementary éemgfho lack content

knowledge feel less confident in teaching S&T, arahsequently, attain less positive
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attitudes about teaching S&T than teachers whose/laage background is substantial.
For example, Weiss et al (2001) reported in theiemsive ‘Report of the 2000 National
Survey of Science and Mathematics Education’ thit &8 to 29 percent of non-
specialty elementary school teachers (grade K-&)erlS feel very well qualified to
teach physical science, earth science, and litmsel Similarly, a substantial mixed-
method approach study with in-service grade 3/4gaade 6/7 teachers revealed that
participants were well aware of their limited s@ercontent knowledge and,
consequently, rated their confidence in teachimgnee rather low (Harlen, 1997). Most
interestingly, though, is the fact that the studdimentary school teachers nevertheless
thought they are able to teach science by usirahieg skills and strategies compulsory
for science, including those which would appeaetjuire solid subject knowledge. This
apparent contradiction lends support to the idaadbnfidence to teach does not depend
entirely on understanding of the scientific conteAtcording to Harlen (1997), the
confidence in teaching science is most likely basetkachers’ general pedagogical
knowledge that helps them to overcome constraimdsfacilitates the navigation around
topics and units elementary teachers have limitedent knowledge in. Garbett (2003),
similar to Harlen (1997), found a positive relasbip between student teachers’
confidence in teaching science and their conteatkedge competence. The study,
which was based on 57 surveys and tests, investidgaist year early childhood student
teachers’ attitudes by asking them to rate theim oanfidence in science teaching and to
write about their most vivid school memory. Thaitual science competence was
subsequently assessed through a knowledge tes?@ittultiple choice questions

covering the subjects biology, chemistry, physacy] astronomy. Afterwards, the
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students were asked to predict the number of toenect answers in the test to examine
their perceived subject knowledge competence. Ftnidy design allowed for the
investigation of the actual competence as welhagerceived competence of
prospective educators. Garbett’'s (2003) findinggyest that most of the studied teacher
candidates had a poor content knowledge base witerirgy university. Noteworthy is
that the majority of teacher candidates were na@rawf their lack of content knowledge
and that 60 percent thought their background kndgédds adequate to teach science at
the early childhood level. As stated by Garbe®0@): “Student teachers seemed
confused and ignorant of their own understandirdj@mmisunderstanding in science”
(p. 477). This ‘confusion’, though, probably haddo with the fact that the cohort was
comprised of freshmen who attended their firstuexin the Bachelor of Education
program. However, the abovementioned researcbloorates the supposition that
confidence to teach S&T depends on pedagogicatobkhowledge and not on subject
knowledge alone. It also lends support to theomatihat there may be a considerable
difference between self-expressed confidence anlacompetence.

Attitude change

Specific science-related courses that are tailtredeet the needs of pre-service
teachers have been identified as a way to improeégacher candidates’ self-confidence
in science teaching and subsequently their attittolscience and science teaching.
Palmer (2001), for example, found through intengemith four Austrian pre-service
elementary school teachers that their attitudesitdwcience and science teaching had
substantially changed after their participatiomispecial course, as can be seen in the

following excerpts: “[My attitude] was very negadiv | hadn’t done science much since
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Grade 10 in high school. ... Apprehensive more tdnaything — | didn’t feel like | was
very good at that subject, and that’s probably whyas negative.” ... The response of
the same student after finishing the course: “Yeg &ttitude has] definitely changed.
I’m looking forward to teaching it and | have quidéit more confidence... [This subject
was] lots of fun. That's something | didn’t thilid ever be able to say — that science
was fun. But it was lots of fun.” (Palmer, 2001,126). Asked about the reasons for
their attitude change from negative to positivefalr interviewees mentioned the tutor’s
proficiency and aptitude. They highlighted in parar the tutor’s enthusiasm and
confidence, the clarity of explanations, the ussimiple language without scientific
jargon, the clear structure of the session, whickuded an introductory overview, and
their opportunity to ask questions regularly. didiéion to the excellent tutor’s teaching
skills, the pre-service teachers put emphasis emitorporation of a variety of teaching
strategies, the practical validity of techniquesdjghe direct modeling of classroom
practice, and the use of hands-on activities. 18ngi as a result of his quantitative pre-
test/post-test research on prospective elementhgos mathematics teachers, Ezeife
(2003) stressed the importance of an enriched ¢éedchining program. The researcher
strongly suggests the frequent use of meaningftériglay” illustrations and a more
learner-oriented, inquiry-based approach to thehieg of subject content besides the
teaching of pedagogical strategies in order to ecd@rospective teachers’ knowledge of
and attitudes to mathematics. More evidence #@ipthsitive impact of special courses
on pre-service elementary school teachers’ attitagad preparation for science
teaching were given by several other researcharsr(iBg & Hale, 1998; Jarrett, 1998;

Klag, 1990; Moore & Watson, 1999; Mulholland & Wadk, 1996; Pederson &
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McCurdy 1990; Young & Kellogg, 1993). Bohning aHdle’s (1998) research, for
example, resulted in improvement in self-confidedae to an inquiry-based methods
course, whereby Jarrett (1998) and Klag (1990)rde=d the positive effect of hands-on
laboratory experiences in addition to inquiry-basetivities. Pederson and McCurdy
(1990) stressed on the incorporation of peer-tegctiuring laboratory sessions since
those tutorials had a significant motivating effestlow and high achievers alike.
Additionally, Moore and Watson (1999), MulhollandidaWallace (1996), as well as
Young and Kellogg (1993) have found that prospecéilementary science teachers were
most comfortable in a learning environment that/gted interesting facts that were
relevant to life, contained content useful for teag, supported the freedom to ask
guestions, and allowed a slow pace of learning.

As seen from the above-mentioned research, the ewailstudies showing a
positive effect of extended factual and methodaalgpreparation on pre-service
elementary school teachers’ attitudes to scieraghtag is quite substantial. However,
the correlation between prospective elementaryhirat methodological/subject
knowledge and their attitudes toward science akagdloward mathematics has proven
elusive despite considerable research. Kumar aomid/(2005) statistical analyses, for
example, resulted in a weak, though significardtrehship, between the predictor
variablesAttitude toward sciences well adttitude toward mathematics and scientific
understanding Hence, the instrument used by the researchersaimine the elementary
teacher candidates’ scientific understanding (‘&fie Understanding Survey’
developed by Klapper, DeLucia, & Trent, 1993) wesbably not sufficiently refined

since it used a questionnaire that consisted oh@fiple-choice questions on a variety of
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scientific subjects. An earlier study (Hall, 19%Bpowed a similar modest improvement
in pre-service elementary teachers’ attitudes tdwsarence through knowledge
enhancement although the same teaching methoddstoemnand discovery-oriented) as
in other evidently successful experiments had laggtied. Finally, no attitude change
has been found in two studies conducted the saare(PeTure, Gregory & Ramsey,
1990; Rice, 1990). While Rice’s results indicatieat there were no statistically
significant differences for either achievement derstanding of concepts or attitude of
prospective elementary science teachers, DeTwae£(1990) experimental group
showed a significant increase in scientific knowledbut no improvement in attitude
toward science and science teaching after partiogpan a special science content /
methods course. However, the majority of reviewstedlies indicated that pre-service
elementary science teachers’ participation in gdecience courses had a significant
positive impact on the student teachers’ knowleaiygk attitude to science and science
teaching. A similar effect has been reported eseirvice science teachers. Westerback
and Long (1990) found that earth science teaclergent knowledge increased and their
anxiety levels toward science teaching was redafted participating in a content-
centered program. Similarly, McDermott, Heron, fdtraand Stetzer (2006) developed
a research-based curriculum for elementary andhskecy teachers that revealed good
results in the teaching of physical science angiglsy Due to the recommended inquiry-
oriented teaching approach not only teachers’ omdetstanding of physical phenomena
was enhanced but the teachers developed pedagogitaht knowledge that enabled

them to teach physics in a way students understaadMcDermott et al, 2006).
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Teachers’ beliefs

Elementary school teachers’ attitudes toward thehimg of S&T are influenced
by their beliefs about what knowledge is importan8&T teaching and learning and
how this knowledge can be transferred to student®se beliefs or conceptions are
formed by teachers’ own school experiences asremilddolescents, the concepts they
developed during their teacher education and firefiessional experiences as teachers
among other things. It has been suggested, ftanos, that most elementary student
teachers’ school science experience has been ia@asacher-driven collection of facts,
which is why many teachers have problems in dewetpponstructivist inquiry-based
teaching strategies in science (see review in Ga2@03). Contrarily, in a Swedish
study with prospective teachers whose major subjgete mathematics and science, it
has been found that about half of the participhatsattained a constructivist view of
science teaching and learning (Wolf-Watz, 2000prédver, for the majority of the
interviewed teacher candidates the nature of seiascexperimental’ had most
significance. This applied approach to sciencehieq and learning entails that students
learn by doing and that they are engaged in handsctivities (Wolf-Watz, 2000).
Interviewees that held this experimental view aésce “reported positive feelings about
science, such as, ‘it's fun, it touches me, intimgs miracle and wonder™ (p. 406).
Further, about half of the interviewed prospectuence teachers held a perspective on
science as ‘essential and everyday’. That is gistisdents believed that “absolutely
everything around us is science” (p. 407) and khatvledge about the environment is
essential to survive. Many prospective teachargght that it is important for teachers

to have a substantial knowledge about sciencederdo make the teaching and learning
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of science more effective (Wolf-Watz, 2000). Fertha substantial number of the
studied teacher candidates were well aware of gassiges in the science classroom,
which can be seen from statements such as ‘boysthamselves forward’, ‘girls take up
less space’, ‘girls are less interested’, ‘teaclkmse boy- friendly content’, and ‘girls
worry about not doing the right thing’ (p. 408/409)his awareness, though, is no
indication for student teachers’ beliefs regardiegder equity in science in general nor
does it reveal whether these prospective teachéinmeorporate gender issues into their
S&T teaching. The integration of social/culturahjlosophical, and historical aspects in
science teaching and learning was apparently niob@artant for most student teachers
in Wolf-Watz’s (2000) study. Only a minority ofé¢hnterviewees thought that cultural
and democratic perspectives are important in seiedcication, which, according to the
author, implies the belief of science “as a dynatisnan pursuit rather than a fixed
body of truth” (p. 410).

The belief that science is a human pursuit is getyemot widely accepted due to
the common and mostly taught conception that seiepurely objective and scientific
knowledge is unchangeable. The idea that scient#cts’ are created and shaped by
humans and, therefore, influenced by their biogyaphltural/social background, and
gender is still fairly unknown. As a consequeribe,notion of science being a
‘masculine’ subject due to the age-long influentpairiarchical thought and social
structures (Watts, 2007) is foreign to most stuslefithis is mainly because of lack of
knowledge in the area of philosophy and historgaénce. The importance of an
integration of both philosophy of science and higtaf science in science education has

been emphasized by Elkana (2000), Watts (2007 seaweral other researchers. This is
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particularly important in regards to gender. W§2307) examined the interrelationships
of education, gender and science from a histopeadpective. In her article, Watts
delineates the role women played in science duhadate eighteenth/beginning of the
nineteenth century and compares their societatiposiuring that period with the
situation of female scientists in the first halftbé twentieth century. The researcher
describes furthermore how women shaped the wapsewas taught by giving the
example of Jane Marcet who introduced conversaaodsexperiments in the teaching of
chemistry in the late eighteenth century.

History of science and philosophy of science aité lepistemological domains
that cumulate in the concept of nature of scier@sen the complexity of the nature of
science even for philosophers of science, somieeotontroversy has centered on the
issue of what needs to be included in science édumcand at what level of complexity.
According to Smith and Scharmann (1999), the natfiszience can help students and
teachers to distinguish between things that areerscientific from those that are less
scientific. In other words, it is important to emte teacher knowledge about the nature
of science in order to make them aware of scientifisconceptions they possibly have.
This is essential because only teachers who céinglissh between proper scientific
conceptions and misconceptions are able to cochélclren’s ideas and naive views in
science. These scientific ideas are, accordirgatditt (2003), often counterintuitive
since “children make sense of their experiencesdawelop their own knowledge and
workable theories to explain the world around thém™469/470). What the researcher
meant by this can be seen from the example ofemtiic misconception she gave; for

children “it would appear that the sun goes dovtheiathan the earth is turning”
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(p. 469). Hence, if a teacher holds certain miseptions in science s/he will be unable
to correct students’ naive views with the conseqadhat these misconceptions or
beliefs may be perpetuated.

Misconceptions or beliefs persist until they anglaeed. Since teachers go
through a long process of education and progrdgdearn new things on the job, one
might expect that they undergo a rather vigoroaissiormation concerning their beliefs;
hence, it has been suggested that this is not seatlgsthe case (Pajares, 1992). In fact,
one obstacle about teachers’ beliefs as well abayyelse’s beliefs is that they are
formed early, meaning long before one enters thkdrieducational system. Another
obstacle is that beliefs are generally difficulctaange. Pajares (1992) argued that:

Beliefs are unlikely to be replaced unless thewenansatisfactory, and they are

unlikely to prove unsatisfactory unless they aralleimged and one is unable to

assimilate them into existing conceptions. Whes ltlappens, an anomaly occurs

— something that should have been assimilablesistezl. Even then, belief

change is the last alternative. (p. 321)

Against the background of the cited ‘resistancehtange’, the following research
can be seen as proof that some exceptions exitin,TBriscoe, and Holman (1990), for
example, studied the beliefs of one in-service elgary school science teacher in order
to test their hypotheses that science teachingrnsmhted by (1) the view that knowledge
is transferred from teacher to students and (2)tthsiview is prevailing due to teachers’
‘constraints’ formed by their prior knowledge, led$i, and experiences. The researchers’
hypotheses have been validated since the studietide overcame her constraints that
the teacher herself thought were unchangeablébeTnore precise, the elementary

teacher changed her instructional approach to bsistent with a constructivist view of

learning and teaching after she realized that kedge is not simply transferred from
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teacher to student. This change, however, wasgtlerm process which entailed new
knowledge about science teaching and learninggadin on interactions with students
and colleagues, and critically analyzing the mammevhich mathematics and science
were taught at the elementary level (Tobin, Brisé&e&lolman, 1990). That it is possible
to overcome one’s beliefs has also been shownumrisand Thurlow (2000). In their
study, the researchers observed substantial chamges-service elementary school
teachers’ beliefs after the teachers’ participatioa mathematics and science methods
course. The course was special in so far as st explicitly on the relationship
between teachers’ beliefs and classroom pracileging the course, the study
participants realized that their views about S&Icteng and learning were heavily
influenced by their childhood experiences and titernalization of the values, beliefs,
and practices of their teachers. Moreover, thespreice teachers “began to feel a need
to ensure that they not pass on counterproducgliefb to students and to understand
their responsibility in breaking the cycle” (Stu&riThurlow, 2000, p. 118). However, it
is indispensable that pre-service as well as imiseteachers bring their beliefs and
consequently their attitudes toward science arghseiteaching to a conscious level in
order to re-evaluate and probably change it. Charfigeaching practice can, as
mentioned before, be difficult to implement not essarily because of the science
teacher’s reluctance per se but because her/hefdelith respect to new content (e.g.,
the nature of philosophy of science) or pedagogy.,(eonceptual change of teaching)
may differ from the intentions of innovation (vami€, Beijaard, & Verloop, 2001). As
a summary of their literature review on sciencehea’s practical knowledge, van Driel

et al stated that in all studies problems occuwbkédn teachers were asked to put
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innovations into practice. As the researcherdi@rexplained “inconsistencies often
occur between teachers’ expressed beliefs andlBbaviour in the classroom” (p. 148).

Teachers’ perceptions of the scientist and hewibik

As mentioned earlier, most teachers’ use an appiigdoach to S&T teaching
that entails experimental work and hands-on a@wit Oftentimes, teachers are guided
in their applied S&T teaching strategy by what tieepnsider ‘the scientific method’,
which Lederman, Abd-El-Khalick, Bell, and Schwaf2002) consider a myth:

The myth of the scientific method is regularly nfasted in the belief that there is

a recipe like stepwise procedure that all scienftow when they do science.

This notion was explicitly debunked: There is nogée scientific method that

would guarantee the development of infallible kredge. (p. 501)

Seemingly analogous to the confusion about thensfiemethod is the
mystification of the scientist and her/his work.comes, therefore, as no surprise that
some teachers may have adopted misconceptions sdientists and their work. Carter,
Stubbs, and Berentson (1996), McDuffie (2001), e as Rampal (1992) suggest that
the majority of science educators (Kindergartegrame 12; K-12) have inadequate and
erroneous conceptions of scientists and their w@arter, Stubbs, and Berentson (1996),
for example, studied science teachers’ images ehaironmental scientist at work and
found that the K-12 teachers portrayed the worgmfironmental scientist as purely
collecting data in the field. The study particifgadid not perceive the more important
science process skills such as analyzing samplganizing and interpreting data,
making generalizations and conclusions as actsvidfea scientist. Additionally, the
majority of the K-12 science educators studied byt€, Stubbs, and Berentson (1996),

McDuffie (2001), and Rampal (1992) had perceptiointhe scientist that were often

synonymous with the stereotypical image of a whntde. This image of the scientist
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was first identified by Mead and Métraux (1957) aatbsequently confirmed by
Chambers (1983) and others (e.g., Thomas & Hair&od3). Mead and Métraux’s
research showed further that students perceivatsteas individuals with limited or no
social skills, which is similar to McDuffie’'s (20p1indings of science teachers. Probably
because scientists are not a part of teachersilsoatles, 80 to 90 percent of 550 science
teachers stated that they would rather invite @&fecientist than a scientist to a special
social event if they were allowed to invite juseqgeerson (McDuffie, 2001). Moreover,
the teachers in McDuffie’s study as well as Cagteall.’s (1996) research failed to depict
science as a collaborative endeavour, which isidication for the teachers’
misconception of the nature of science since taagientific research is team based.
Summary

The following themes have emerged from this sunfehe literature that
together support the idea that what is taught i $&ssrooms and in which way it is
taught derives from teachers’ biography, experispkeowledge, cultural/social
background, and gender, which all amalgamate thtga’ attitudes toward the teaching
of S&T.

= Teachers’ attitudes toward S&T teaching are cloasbociated with their

beliefs that performing a given behaviour will Ieadca certain outcome.
» Students’ attitudes about S&T learning are podyigerrelated with teachers’
attitudes to S&T teaching as well as their behaviouhe S&T classroom and

vice versa.
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Teachers gain emotional and psychic rewards whidimidual students as
well as the whole class show affection toward aghrd for them as well
when students perform well and enjoy what is taught

Teacher-student interactions in the S&T classromrirdluenced by gender.
Teachers’ biases and concerns regarding S&T ameridted to students,
whereas the gender of both teacher and studerd plagssential role.
Teachers’ attitudes toward S&T teaching are immhbtetheir expectations
for students in general and for students of difiegeender in particular.
Teacher pedagogical content knowledge can influexaehers’ confidence
in, and their attitudes about, S&T teaching in @asi and possibly
contradictory ways.

Teachers’ attitudes toward the teaching of S&T wassibly be ameliorated
by courses that enhance their pedagogical skilgedlsas their subject
knowledge.

Teachers’ attitudes toward the teaching of S&Tiafleenced by their beliefs
about what knowledge is of most worth in S&T, whpartially derived from
their own school experiences and their teacheratauc

Teachers have a preconceived idea of the natweaice, which is
dominated by the widely accepted and commonly taaghception that
science is purely objective.

Teachers’ attitudes are affected by their beliefsua the nature of science and

those beliefs shape the way they teach S&T.
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Knowledge about the nature of science can helfhega@and students to
distinguish between things that are more scierftiim those that are less
scientific.

Teachers’ unawareness of their own beliefs andonisgptions concerning
science can lead to a perpetuation of false s@ientinceptions.

Scientific misconceptions and beliefs are diffidoltreplace.
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CHAPTER Il
METHODOLOGY

A. Participants

Grade 4 to 8 teachers of 85 elementary schools fwarschool boards in South-
Western Ontario were asked to participate in thidys A sample of 70 participants was
recruited and 50 of them completed the on-line tyoiesaire entirely. Ten of the 50
respondents also participated in a one-on-onevietgrafter completing the
guestionnaire. 92 percent of the participants ididime staff and all of them taught
S&T for at least one year within the last four ygear

B. Instrumentation

1. Questionnaire

The on-line survey instrument (see Appendix A),glesd by the researcher,
consists of five sections with one to ten scales&hitems in total. The first section
consists of ten questions that address backgradadmation such as gender, age,
educational background, teaching experience (numibgsars of S&T teaching as well
as teaching in general), size and type of curreémbal besides size of current S&T
classes. The second section consists of onedatidtiuscale with ten Likert-type items
that ascertain the participants’ attitudes to, peteptions of, their S&T teaching. In
order to measure this complex concept, questionseraing the teachers’ enjoyment and
confidence in teaching S&T, teachers’ perceptidr&udents in the S&T classroom, or
teachers’ knowledge of S&T and exchange with cglles about this subject are
employed in this scale. The third section is casgat of three scales with eight to ten

items that aim to survey the participants’ S&T teag by asking how informed they feel
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about certain areas in S&T as well as the kindesdurces the participants use to keep
informed about S&T issues. The fourth section ®ia®f 15 Likert-type items separated
into two scales that seek to measure the extemhich the teacher perceives students’
attitudes toward S&T learning and the teacher’'sran@ss of gender differences in
students’ S&T learning. The fifth section contaosr scales with 30 items in total that
ask for teachers’ perceptions of scientists/engsed gender inequalities in the
scientific and technological fields, of scientistsid engineers’ occupation, as well as the
participants’ understanding of the nature and ingrare of S&T.

The Likert-type measures that were used for thkesaa the four attribute
sections varied in style. Responses to the itarmssale II, IVA, IVB, and VB were
measured using a five-point Likert-type scale fxeat of agreement (rating scale
betweenrstrongly disagreg¢= 1] andstrongly agred= 5]). Responses to the items in
scale IlIA and VA were also rated on a five-poiikert-type scale but the rating choices
were for level of knowledge (rating scale betwaehinformed at al[= 1] andinformed
enough to discuss it with expefts5]) and extent of importance (rating scale betwe
very importanf= 1] andunimportant[= 5]) respectively. A four-point scale was used
measure the responses regarding the frequencgitsf uf establishments for educational
purposes per year (rating scale betweever[= 1] andsix or more time$= 4])
presented in scale IlIC and responses to the iterssale 11IB were ranked on a
frequency of usage scale from onsdd mo3tto ten (ised the leakt

Items that encompass a negative statement (e avpftl using mathematics in
my science and technology teaching”) were scaledvarse. Those items are marked

with a minus sign (-) in Table 1.
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Table 1: Questionnaire scales with attributes & numbers

Scale | Attribute Iltem number*
I Attitude to S&T Teaching 111, 112, 113, 114, 115, 116, I7(-), 118, 119, 1110(-)
A | Knowledge of New S&T Issues | IlIAL, HlIA2, IIIA3, [1IA4, IIIA5, 11IA6, IIA7, I11A8
B | Use of S&T Resources 11IB1, 111B2, 11IB3, 11IB4, 11IB5, 11IB6, 111B7, 1B, 11IBY, 111B10
NC | Extended Knowledge IIC1, IIC2, IIC3, 11IC4, 11IC5, 11IC6, 1IIC7, 11IC8, 11IC9

IVA | Perception of Students’ Attitude | IVAL, IVA2(-), IVA3(-), IVA4(-), IVAS(-), IVAB, IVA7, IVAS(-)

IVB | Perception of Gender IVB1, IVB2, IVB3, IVB4, IVB5, IVB6, IVB7
Differences in Students

VA Perception of Scientific VAL, VA2, VA3, VA4, VA5, VA6, VA7, VA8, VA9, VA10
Approach

VB Beliefs about Scientists and S&T | VB1(-), VB2, VB3(-), VB4(-), VB5, VB6, VB7, VB8, VB9, VB10

* ltems with no indication are scored 1, 2, 3, 4pbresponses ranging from ‘strongly disagree’
(1) to ‘strongly agree’ (5) respectively; items igested (-) are scored in reverse manner.

Validity

In order to assess how accurately the measuritigiment measures the
constructs it purports to measure, the questioaisaiiontent and construct validity were
examined.

Content validity: Three faculty education memkbegrghe University of Windsor,
two of them experts in science teaching and orseiimey design, were asked to critically
comment on the validity of the questionnaire beforeas administered to the study
participants. The views of these faculty membegsawaken into consideration in
modifying the questionnaire to produce the finaki@n used in the study.

Construct validity: The degree to which the instamt provides accurate results
had to be assessed after the data collection dihe tlact that the questionnaire could not
be pre-tested because of limited participationt thRe purpose of establishing construct

validity, the relationships (Pearson’s correlatimefficients) between the items of each
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scale that measures a common underlying attribeidoistruct were computed (see
Chapter IV, section A 2).
2. Interview

The semi-structured, one-on-one interviews werelgoted at a public place
away from school premises using a set of 20 opelegtquestions (see Appendix B).
The questions centred on four main topics that \aéeady investigated in the
guestionnaire to compare the answers in both im&nts, to further explore teachers’
attitudes to S&T, and to tease out possible gebidest Those four topics were: (a)
teachers’ approach to S&T teaching; (b) teachexgigptions of the students in their
S&T classroom; (c) teachers’ perceptions of scatsitiand (d) teachers’ perceptions of
gender bias. Probes were used whenever it wass@geto either clarify a given answer
or to elicit more information. The duration of ttem interviews varied between half an
hour and one hour and 15 minutes, depending oeléii®ration of the answers.

Before the interview, each interviewee was inforrabdut the procedure for the
interview, her/his informed consent was sought, sorde demographic questions to
confirm the Participant’s gender, age, educatibaakground, and teaching experiences
were posed. The interviews were recorded, tramsdriand coded for analysis. The
coding process was carried out by reading the ¢rgts at least two times, dividing the
text into labelled segments by highlighting senésnar whole passages during the
second reading, examining the coded text segments/érlap and redundancy, and
collapsing the codes into the four broader themestioned above. Specific text data
that could be used as citation to demonstrate glagxan observed phenomenon were

selected during this analytical process.
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C. Design and Procedures

In order to investigate the relationships amonglgiaur to grade eight teachers’
attitudes to S&T teaching and their perceptionS&T, scientists, students’ attitude to
S&T learning, gender differences in students’ leagnas well as their view of gender
disparity in scientists, both quantitative and gative methods were used. The
explanatory mixed methods design was employeddbodollect quantitative data and
then collect qualitative data to elaborate on thengtative results.

Permission to survey grade 4 to 8 teachers of thod boards in South-western
Ontario had been granted by the University of Wand®esearch Ethics Board (REB)
and both school boards prior to the start of thisyg Once the written approval was
received, the survey instrument along with a lettenformation for consent to
participate in the research survey was posted.atigersity of Windsor survey Web site
specifically created for this study. Subsequertlietter requesting permission to survey
grade 4 to 8 teachers (see Appendix E) and to foham attached letter of information
(see Appendix F) to the teachers at their schoslseat by regular mail to all principals
of one of the two school boards (school board A) layn e-mail to all principals of the
other school board (school board B). Since only tesponses were obtained after four
weeks, the researcher followed up by calling thwsecipals that did not decline
participation after they received the first lettemail (school board A) or by sending
them an e-mail reminder (school board B). A seaemdiinder was e-mailed to those
principals of both school boards that distributeel letter of information to their grades 4
to 8 teachers that teach S&T at their school. hatdame time, the researcher started to

phone principals in order to ask for their perngasio meet with the appropriate teachers
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at their schools. Four schools from school boa@hA six schools from school board B
were visited between May 7 and May 30, 2008. Sthegarticipants were extremely
busy with regular work due to the approaching enth® school year and, as a
consequence, did not complete the survey, and begaare and more principals of both
school boards refused any further involvement endtudy, no more attempts to recruit
additional participants were carried out beyondeJi®, 2008. The survey Web site was

closed on June 16, 2008.

D. Data Analyses

SPSS 16 was used to analyze the quantitative ddt&Vard 2003 and Excel 2003 were

used to select and code the qualitative data.
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CHAPTER IV
RESULTS
A. Survey

1. Demographics

The total number of survey responses was 70. $eserf the participants did
not complete the demographic question regardinig 8&T teaching experience and
another three participants responded insufficiesitige major parts of the most
important attitudinal sections were not complet€hnsequently, the number of
responses that were analyzed was 50.

Excluded from the statistical analyses was theestide of S&T Resources’
because a substantial number of participants didamoplete the scale or ranked the
sources of information incorrectly by not usingcale from one to ten as required. Also
excluded from the analyses were the last two sadlése questionnaire that asked the
participants to write down what they think aretfe five most important skills a scientist
should have (scale VC); and (b) the five most ingmatrschool subjects an elementary
school should offer (scale VD), since only 36%ka participants completed scale VC
and no participant completed scale VD usefullyskatistical analysis.

Age and Gender

Of the 50 participants, 74% were female (N=37) 26% were male (N=13).
The highest percentage of participants (40%) wakerage range of 31 to 40 years. 24%
and 22% were in the range of 24 to 30 years artd 80 years, respectively. Another
14% of participants were between 51 and 65 yeaks About one third of the female

participants were between 24 and 30 years oldhanthird between 31 and 40 years,
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and the last third was about equally distributedvben the age ranges of 41 to 50 years
and 51 to 65 years. Slightly different was therthstion among the male participants:
more than half of the males were between 31 angdfs old, about one third was
between 41 and 50 years old, and a bit under h tdrihe males was either in the age
range of 24 to 30 years or 51 to 65 years (Appe@dix

Educational Background and Gender

The response rate to the questions regarding teecgcand mathematics courses
taken in high school was between 42% and 62% (T3blel6 participants (70% of the
respondents that answered the appropriate questompleted grade 13 mathematics; 13
participants (42% of the respondents that answiedppropriate question) completed
grade 13 biology; 11 participants (37% of the resjemts that answered the appropriate
guestion) completed grade 13 chemistry; and 9qpatnts (43% of the respondents that
answered the appropriate question) completed dragdysics. The percentage of
respondents that had grade 12 as their highest gadpleted was 45% in biology, 43%

in chemistry, 29% in physics, and 22% in mathemnsgsee Table 2 below).

On average, the participants that responded tqukstion concerning the science
and mathematics courses taken in high school tak for 4.1 years (STD: 1.35,
N=35), biology for 3.3 years (STD: 1.55, N=31), chstry for 3.0 years (STD: 1.73,

N=32), and physics for 2.35 years (STD: 1.70, N=26)
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Table 2: High school courses taken by participants

Responses
(of Total) Grade 13 Grade 12
N %"* N %* N %*
Biology 31 62 13 42 14 45
Chemistry 30 60 11 37 13 43
Physics 21 42 9 43 6 29
Mathematics 23 46 16 70 5 22

lPercentage of respons&&pproximation.

Twenty-three females (62% of all female particigantthe sample) and eight
males (62% of all male participants in the sampsponded to the questions regarding
the biology courses they took in high school. 48%hose female respondents and 25%
of those male respondents completed grade 13 lyiagtolgigh school (Table 3).

Twenty-two females (59% of all female participaims$he sample) and 8 males
participants (62% of all male participants in thaenple) responded to the questions
regarding the chemistry courses they took in hitosl. 41% of those females and 15%
of those males completed grade 13 chemistry (Table

Fifteen females (41% of all female participantshie sample) and 6 males (46%
of all male participants in the sample) responaeithé questions regarding the physics
courses they took in high school. 33% of thosealesiand 67% of those males
completed grade 13 physics in high school (Tahle 3)

Seventeen females (46% of all female participanteé sample) and 6 males
(46% of all male participants in the sample) regjfgahto the questions regarding the
mathematics courses they took in high school. 65%i0se females and 83% of those

males completed grade 13 mathematics in high sqfiable 3).
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Table 3: High school courses taken by participagender

FEMALES MALES
N'  |% within gender*? N % within gender*®
Biology 11 48 2 25
Chemistry 9 41 2 25
Physics 5 33 4 67
Mathematics 11 65 5 83

'Number of participants that took grade 13 in higha®l in respective subje&?ercentage of
females;gPercentage of male respondents; *Approximation.

All participants that responded to the questionceoning their university degree
(N=49) obtained a bachelor’'s degree in educati@htaree of them achieved a master’s
degree in education as well. 13 of all particigastitained a bachelor’'s degree in science
(B.Sc.). Eleven of the participants with a B.Serav/female (85%) and two participants
(15%) were male. Overall, about 30% of all femadeticipants and 15% of all male
participants had a bachelor’s degree in science.

Teaching Experience

The number of years of general teaching experiesnoged from one year (N=1)
to 28 years (N=1). The number of years of S&T Ivrag experience ranged from one
year (N=5) to 28 years (N=1). The average (me&an)l &0 participants was 9.6 years
(STD: 6.64) of general teaching experience and/éabs (STD: 5.81) of S&T teaching
experience. The median was 7.5 years for genedabgears for S&T teaching
experience.

2. Reliability and Validity

The Cronbach alpha reliability coefficient was ussdan index of scale internal

consistency. Table 4 shows the Cronbach alphabibty coefficients, which ranged
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from 0.936 (scale IlIA) to 0.425 (scale VB). Theo@bacho coefficients suggest that all

scales are internally consistent.

Table 4: Cronbach of attribute scales

Scale Scale Title Cronbach a

] Attitude to S&T Teaching 0.817
A Knowledge of S&T Issues 0.936
lnc Extended Knowledge 0.696
IVA Perception of Students’ Attitudes 0.861
VB Perception of Gender Differences in Students 0.852
VA Perception of Scientific Approach 0.900
VB Beliefs about Scientists and S&T 0.425

Construct Validity

The Pearson’s product-moment correlation coeffisi@f one item with all other
items of each scale that measured one of theriestigated constructs, was used as an
index of construct validity. The constructs wge: Teacher’s Attitude to S&T
Teaching (2) Teacher’s Perception of Students’ AttitudE) Teacher’s Perception of
Gender Differences in Studenfd) Teacher’s Perception of the Scientific Approazhd
(5) Teacher’s Beliefs about Scientists and S&T

The correlational analysis of the first scaltitude to S&T teachingesulted in
14 statistically significant relationships at th@Dsignificance level (two-tailed) and nine
statistically significant relationships at the 0gignificance level (two-tailed) out of 45
possible relationships. Each item correlated Sicamtly with at least one of the other
nine items and six items showed five or six siguaifit correlations with other items of
the scale. The item ‘I can tell that students ustd@d what | explain in my science and

technology class’ showed, with seven correlatitims highest number of statistically
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significant relationships (r = 0.317 — 0.631, p.€10/ p < 0.05). The item ‘Motivating
students to participate in class activities is dasyne’ showed positive correlations with
one other item of this scale only and had, theegftire lowest number of statistically
significant relationships (r = 0.328, p < 0.05heTstrongest significant correlation was
between the item ‘I think | have adequate trairim¢each science and technology’ and
the item ‘I consider myself a science and technplexpert’ (r = 0.814, p < 0.01). The
weakest significant correlation was between tha itethink | have adequate training to
teach science and technology’ and the item ‘I edjggussing scientific and
technological topics with colleagues’ (r = 0.29% p.05). (Appendix H)

The correlational analysis of the scalerception of students’ attitudegevealed
that this scale is valid with 21 statistically siggant relationships at the 0.01
significance level (two-tailed) and six statistlgadignificant relationships at the 0.05
significance level (two-tailed) out of 28 possibédationships. All items, with the
exception of two items that correlated significantith six other items, showed seven
significant correlations with other items of thes; which is the highest possible
number. The strongest significant correlation Wetsveen the item ‘Students are
interested in topics covered in the science anthi@ogy class’ and the item ‘Students
enjoy discussing scientific problems in class’ 0.704, p < 0.01). The weakest
significant correlation was between the item ‘Stitdéhave difficulties understanding
scientific concepts’ and the item ‘Students enj®edssing scientific problems in class’
(r =0.300, p < 0.05). (Appendix H)

The correlational analysis of the scalerception of gender differences in

studentsresulted in 13 statistically significant relatstrips at the 0.01 significance level
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(two-tailed) and six statistically significant retanships at the 0.05 significance level
(two-tailed) out of 21 possible relationships. Gueen correlated significantly with four
other items, two items had a positive relationsti five other items, and four items
showed, with six significant correlations, the leghpossible number of this scale. The
item ‘Female and male students participate to éimeesextent in out-of-school science
and technology activities’ showed, with six cortelas at the 0.01 significance level, the
highest number of statistically significant relahips (r = 0.374 — 0.578, p < 0.01). The
strongest significant correlation was between tiie 'Female and male students show
the same amount of interest in science and tecgyoémd the item ‘Female and male
students are equally motivated to learn sciencdaectthology’ (r = 0.858, p < 0.01).
The weakest significant correlation was betweent#dr ‘Female and male students
show the same degree of interest in hands-on tesivand the item ‘Female and male
students need about the same amount of extra fne®.281, p < 0.05). (Appendix H)
The correlational analysis of the scalerception of the scientific approadb
valid since it resulted in 26 statistically signdnt relationships at the 0.01 significance
level (two-tailed) and three statistically signéit relationships at the 0.05 significance
level (two-tailed) out of 45 possible relationshigsach item correlated significantly with
at least three of the other nine items, most iterigbited statistically significant
relationships between five and seven items, andtems showed significant correlations
with eight other items of the scale (seven of tlagrie 0.01 significance level). The
strongest significant correlation was between tibie 'Respect for the environment is
important for meaningful work in science and tedbgg’ and the item ‘Respect for

living things is important for meaningful work igisnce and technology’
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(r=0.951, p<0.01). The weakest significantelation was between the item
‘Experimentation is an essential habit of mindereace and technology’ and the item
‘Integrity in observation is an essential habitahd for meaningful work in science and
technology’ (r = 0.342, p < 0.05). (Appendix H)

The correlational analysis of the scdleliefs about scientists and S&€sulted
in five statistically significant relationshipsthie 0.01 significance level (two-tailed) and
two statistically significant relationships at D@5 significance level (two-tailed) out of
45 possible relationships. The strongest signiticarrelation was between the item
‘Scientists and engineers do not socialize as nasgbheople who work in non-scientific
fields’ and the item ‘Scientists and engineersiatt@verted’ (r = 0.689, p < 0.01). The
weakest significant correlation was between tha ffdew technological inventions pose
too many risks for the environment’ and the iteroiéftists and engineers are devoted to
their work’ (r = 0.353, p < 0.05). (Appendix H)

3. Attributes
Descriptive Statistics

Attitude to S&T Teachin¢scale II): The mean score value for this scae w
3.89. The highest mean value (4.42, STD 1.11%rseyscaled) was calculated for the
statement ‘I enjoy teaching science and technolagy the lowest mean value (2.84,
STD 1.251) was calculated for the statement ‘I @arsmyself a science and technology
expert’.

Knowledge of S&T Issudscale 11lA): The mean score value for this scades

2.80. The participants considered themselves as mfiormed in regards to
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environmental issues (highest mean value: 3.52, @9B0) and the least informed about
nanotechnology (lowest mean value: 1.88, STD 0.982)

Perception of Students’ Attitudéscale IVA): The mean score value for this
scale was 3.43. The highest mean value (4.06, &867) was calculated for the
statement ‘Students are interested in topics coveréhe science and technology class’
and the lowest mean value (2.68, STD 1.039) wasutziked for the statement ‘Students
have no difficulty with scientific thinking’. ThBve negative statements were in the
range between 3.10 and 3.60 (STD: 1.010 — 1.2@Bertively, reverse-scaled).

Perception of Gender differences in Studéstale 1VB): The mean score value
for this scale was 3.40. The statement ‘Femalenaale students are equally motivated
to learn science and technology’ had the highestinvalue (3.68, STD 0.999) and the
statement ‘Female and male students participateetsame extent in out-of-school
science and technology activities’ was scoredehst|(2.94; STD 0.956).

Perception of Scientific Approa¢kcale VA): The mean score value for this scale
was 4.49. Most participants considered ‘Respeadii® environment’ as essential for
meaningful work in S&T (mean 4.66, STD 0.111). f@lmitment to accuracy’,
‘Precision’, and ‘Experimentation’ were rated as lbast important habits of mind for
working in S&T (mean of all three variables: 4.3%D 0.118, STD 0.126, STD 0.920,
respectively).

Belief about Scientists and S&3cale VB): The mean score value for this scale
was 3.92. The highest mean value (4.87, STD 01/@¥&rse-scaled) was calculated for

the statement ‘The world would be a better pladbaut science and technology’ and the
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lowest mean value (2.89, STD 0.153) was calcultgethe statement ‘Scientists and
engineers are more interested in research thaaahing’.

The highest mean score (4.49) was found in theegbat measured the
participants’perceptions of scientific approaemd the lowest mean score (2.80) was
found in the scale that measured the teachkeivledge of S&T issue§ he mean
values of all scales are shown in Table 5.

Table 5: Mean values of attribute scales

Scale Mean
Attitude to S&T Teaching Il 3.89
Knowledge of S&T Issues A 2.80
Perception of Students’ Attitudes IVA 3.43
Perception of Gender Differences in Students VB 3.40
Perception of Scientific Approach VA 4.49
Belief about Scientists and S&T VB 3.92

Correlational Analyses

The bivariate relationships were assessed by catipatof the Pearson’s
product-moment correlation coefficients using zresdTable 6). The correlational
analyses resulted in six statistically significeglaitionships at either the 0.01 or 0.05
significance level (two-tailed), whereas three ssahowed positive correlations with
two other scales. These are: (1) Eft@ude to S&Tscale with the scaleknowledge of
new S&T issueandperception of students’ attitud€) theknowledge of new S&T
issuesscale with the scaleperception of students’ attitudasdperception of gender
differences in studentand (3) theperception of gender differences in students’ udtts

with the scaleperception of students’ attitudesdbeliefs about scientists and S&T

50



Table 6: Pearson Correlation Coefficients of AtitdbScales

Attitude to| Knowledge | Perception | Perception | Perception
S&T of S&T Students’ Gender Scientific
Teaching Issues Attitude differences | Approach
Knowledge of Pearson -
] .663
New S&T Issues Correlation
(nA) Sig. (2-tailed) .000
N 50
Perception Pearson - .
) .365 .352
Students’ Correlation
Attitude (IVA) - gjg. (2-tailed) .009 012
N 50 50
Perception Pearson . -
) .255 .313 452
Gender Correlation
differencesin = gjg (2-tailed) 074 027 001
Students N
Perception Pearson
o ) -.060 -.106 -.180 -.212
Scientific Correlation
Approach (VA) - gjg (2-tailed) 691 478 225 152
N 47 47 47 47
Beliefs about Pearson .
o ] .190 177 -.001 .352 -.165
Scientists and Correlation
S&T Sig. (2-tailed) 206 239 993 016 274
(VB)
N 46 46 46 46 46
**_Correlation is significant at the 0.01 level (2-tailed).
*, Correlation is significant at the 0.05 level (2-tailed).

Figures 1a and 1b illustrate the two strongestetations between the scale that
measuredttitude to S&Tandknowledge of new S&T issu@s= 0.452, p < 0.01; see la
below) and betweeperception of students’ attitudes to S&T learnamglperception of

gender differences in students’ attitudes 0.452, p < 0.01; see 1b below).

51



Figure 1a

Attitude to S&T vs Interest in S&T Issues
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Group Differences

Gender

As shown in Table 7, the independent samples Tstestved no significant

differences between the two gender groups (femadde) either in regards to the

variances or the means of thtitude to S&Tscale (F = 0.806, p >0.05; t =-1.132, p

>0.05). There were also no significant differenagsng the means of the other five

attribute scaleknowledge of S&T issues, perceptionstudents’ attitudes to S&T

learning, perceptions of gender differences in stud attitudes to S&T, perceptions of

scientific approachandbeliefs about scientists and S&ffvalues between -1.486 and

1.608). However, a significant difference in tlaignces of the scafeerceptions of

scientific approacthas been found (F: 6.763, p < 0.05).

Table 7: Independent Samples t-test of Group Diffees - Gender

Levene's
[Equal Test t-Test for Equality of Means
variances Std. 95% Confidence
assumed] Error Interval of the

Sig. (2-| Mean Diffe- Difference

F | Sig. t df | tailed) | Difference | rence Lower | Upper
Attitude to S&T | .806| .374| -1.132| 48] 263]  -2.241] 1080 -6.223] 1.741
Knowledge S&T |} 5171 o57| -1.486| 48| 144  -3.202| 2.154| -7.534| 1.130
ISSues
Perception 1.711] .197| 1.608| 48| .115 2958 1.840| -742| 6.659
students’ attitude
Gender
differences 034| .855| 1.144| 48| 258 1.940| 1.695 -1.469| 5.348
student
Perception
scientific 6.763| .013| -.491| 45| 626 -893| 1.819| -4556| 2771
approach
Belief about 320| 574| -.429| 44| 670 554  1.200| -3.155| 2.047
scientists & S&T | ° ' ' ' ' ' ' '
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Additionally, Crosstabs and Chi-Square tests wersputed with the variable
gender (dependent variable) and each of the fauslMas concerning high school
courses taken (independent variable) but no sgamfiresults was found. Overall, the
Chi-Square tests showed that the numbers of caseésalow. Between 9 cells (90%)
and 6 cells (75%) were below 5.

Groups with and without science degree:

Table 8: The independent samples T-test showedgndisant differences in the attitude
to S&T between the two groups (teachers with a élacts degree in science or without a

bachelor’s degree in science).

Table 8:Independent Samples t-Test for groups with BScititout BSc

Levene's Test
Equal variances | for Equality of

assumed Variances t-test for Equality of Means

95% Confidence

Interval of the
Sig. (2- | Mean | Std. Error

F Sig. t df | tailed) | Diff. Diff.

Difference

Lower Upper

Attitude to S&T | 3 975 | 052|-1.814| 47 | .076 |-3.566| 1.966 | -7.520 | .388

While the comparison of the groups in the overadilsattitudedid not result in
significant differences, the Chi square test reagaignificant score differences in the
individual variablepelief inadequate trainingy2 (8, N = 50) = 18.60, p = 0.017] and
the variableconfidence in expertisg?2 (8, N = 50) = 16.67, p = 0.034]. Teachers with a
BSc believed more strongly that they have adeduait@ng to teach S&T than their
counterparts without a BSc (mean = 4.54, STD ldmi¥mean = 3.36, STD 1.376,
respectively) and they considered themselves S&€iafists more often than those

without a BSc (mean = 3.77, STD 1.166 and mearb3,5TD 1.134, respectively).
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Groups with different science teaching experiences

The independent samples T-test showed no signifdiffierences between the
two groups (group 1: teachers with science teachxpgrience of less than five years;
group 2: teachers with science teaching experiehogre than five years [median])
either in regards to the variances or the meansl€¢T®. Five years was chosen as the
cut-off point because this is the median of theypaion.

Table 9: Independent Samples t-Test for two gravigis different science teaching experiences

Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence
Std. Interval of the
Sig. (2-| Mean | Error Difference
F Sig. t df |tailed) | Diff. Diff. | Lower | Upper
attitude Equal
to S&T variances | .281 .598( 1.468 48| .149( 2.231| 1.520| -.824 5.286
() assumed

Groups with different general teaching experiences:

Table 10 shows that neither the Levene’s Test épraltity of Variances nor the
T-test for Equality of Means (independent sampé®wed significant differences
between the group of teachers with general teadmpgrience of less than eight years
and the group of teachers with more than eightsyebgeneral teaching experience in
the attitude to S&T teaching scale. Eight yearexgferience was chosen as the cut-off

point because this is the median of the population.
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Table 10:independent Samples t-test for Groups with diffef@@neral Teaching Experiences

Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence
Std. Interval of the
Sig. (2-| Mean | Error Difference

Attitude Equal
to S&T variances | 5.88| 447 | .232] 48| .817| .360| 1.551f -2.759 3.479
assumed

Multiple regression analyses

Multiple regression analyses were conducted wighaverall scalesttitude to

S&T, knowledge of S&T issueandgender differences in studerts dependent variables
since all three scales yielded significant corretet with two other scales. The stepwise
approach used to enter the independent varialileshia regression analyses resulted in
the removal of those scales that did not meetiteria set at Probability-of-F-to-enter
.05 and Probability-of-F-to-remowve.10. The removed scales are as follows:

(1) Dependent variablgttitude to S&T
The scaleknowledge of S&T issuewas entered in the regression analysis as sole
independent variable becalwstadents’ attitude to S&did not meet the probability
criteria (Probability-of-F-to-entet .05 and Probability-of-F-to-remowve.10).

(2) Dependent variabknowledge of S&T issues

The scalestudents’ attitude to S&Twas entered in the regression analysis as the sole
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independent variable becaugender differences in studemlisl not meet the probability
criteria (Probability-of-F-to-entet .05 and Probability-of-F-to-remowe.10).

(3) Dependent variablgender differences in students
In model 1 the scalstudents’ attitude to S&Twas entered in the regression analysis as
the sole independent variable becagseder differences in studemtisl not meet the
probability criteria (Probability-of-F-to-enter.05 and Probability-of-F-to-remowve
.10). In model 2, both scalegender differences in studepasmd,beliefs about scientists
and S&T were entered in the regression analysis sincerthtgapility of both scales was

<.05.

Dependent variablattitude to S&T

As can be seen in the summary of the regressiorehfddble 11), the sample
multiple correlation coefficient (R) with the depkamt variable is 0.66, which allows a
good prediction, and Rs 0.44, which indicates that approximately 44cpet of the
variance of thattitudescale in the sample can be accounted for by tieadi
combination of the measuramowledge of S&T issued he analysis of variance showed
a significant relationship between thiitude to S&Tscale and the predictdmowledge
of S&T issued-(1, 48) = 37.53p = 0.000 (Table 12). Table 13 provides the
unstandardized coefficient (B = .60) and the stetidad coefficient (Beta = .66) for the
independent variable, along with the t-value (t£3% and its significance level that tests
whether the Beta coefficient is different from z@oe= .000). Using the unstandardized
B coefficient, the regression equation can be ¢aied as follows:

Y (attitude to S&) = 25.368 + (0.603 knowledge of S&T issussores).
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Table 11:Attitude to S&T(dependent variable) witknowledge of S&T Issues

Model Summary

Adjusted R Std. Error of
Model R R Square Square the Estimate

1 .662% 439 427 4.663
a. Predictors: (Constant), knowledge S&T issues

Table 12:Attitude to S&Twith predictorKnowledge of S&T Issues

ANOVA"
Sum of
Model Squares df Mean Square F Sig.
1 Regression 815.783 1 815.783 37.525 .000%
Residual 1043.497 48 21.740
Total 1859.280 49

a. Predictors: (Constant), knowledge S&T issues
b. Dependent Variable: attitude to S&T

Table 13:Unstandardized coefficient B and standardized anefft Beta

Coefficients?®
Standardized
Unstandardized Coefficients | Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 25.368 2.302 11.019 .000
knowledge S&T 603 098 662| 6.126] .000
issues

a. Dependent Variable: attitude to S&T

The regression analysis suggests that around 4&mesf the variation of
attitudes toward S&T teaching among teachers migample can be explained by their
knowledge of or interest in novel S&T issues. Thisthe sample that ranked their level
of knowledge in certain S&T areas such as environtaléssues, space exploration, or
nanotechnology high, tend to have more positivitudtts toward S&T teaching than

those that rated their level of information low.
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Dependent variablienowledge of S&T issues

The summary of the model (Table 14) provides tmepda multiple correlation
coefficient (R = 0.36) and its squared valué £0.13), which indicates that
approximately 13 percent of the variance ofkhewledgescale in the sample can be
accounted for by the linear combination of the meastudents’ attitude to S&TThe
analysis of variance showed a significant relatigqméetween th&nowledge of S&T
issuesscale and the predictstudents’ attitude to S&F(1, 48) = 7.04p = 0.01 (Table
15). Table 16 provides the unstandardized coefiicfB = 0.42) and the standardized
coefficient (Beta = .36) for the independent vaeahlong with the t-value (t = 2.65) and
its significance level that tests whether the BRet@fficient is different from zer@(=
0.011). Using the unstandardized B coefficierg, rbgression equation can be written
as follows:

Y (knowledge of S&T issues 10.961 + (0.417 students’ attitude to S&T

Table 14knowledge of S&T issuédependent variable) wittudents’ attitude to S&T
Model Summary

Adjusted R Std. Error of
Model R R Square Square the Estimate

1 .358% 128 110 6.382
a. Predictors: (Constant), students’ attitude S&T

Table 15knowledge of S&T issuedgth predictorstudents’ attitude to S&T

ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 286.858 1 286.858 7.043 0113
Residual 1955.142 48 40.732
Total 2242.000 49

a. Predictors: (Constant), students’ attitude S&T
b. Dependent Variable: knowledge new S&T issues
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Table 16 Unstandardized coefficient B and standardized aoefft Beta for the
independent variablgtudents’ attitude to S&T

Coefficients®
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 10.961 4.404 2.489 .016
Stugents' atitude 417 157 358 2.654| 011

a. Dependent Variable: knowledge S&T issues

The regression analysis suggests that around t8mesf the variation of the
knowledge of or interest in novel S&T issues amtaghers in this sample can be
explained by their perceptions of students’ atésitbward S&T learning. Those
participants in the sample that scored high inrtherceptions of students’ attitudes

toward S&T learning tend to have more knowledgeoointerest in, new S&T issues.

Dependent variablgender differences in students’ attitude to S&Trriasy

As can be seen in the model summary (Table 17)xadhgle multiple correlation
coefficient of the strongest predictstudentsattitude to S&Twith the dependent
variable (model 1) is R = 0.48 and R0.23. The coefficient of the combined variables
students’ attitude S&&ndbeliefs about scientist and S&Wwith the dependent variable
(model 2) yielded a stronger relationship and beftediction since R = 0.63 and R
0.39. Table 18 shows the results of the analyisimigance for both models. Model 1 as
well as model 2 generated a significant relatigngt@tween thgender differences in
students’ attitudes to S&T learnirsgale F(1, 44) = 13.49p = .001, and the two
predictorsstudents’ attitudes to S&and the combined variabfudents’ attitudes to

S&T / beliefs about scientists and S&12, 43) = 13.82p = .000. The unstandardized
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and the standardized coefficients for the independariables, along with the t-values
and their significance levels are shown in Table TBe final regression equation, using
the B coefficients from model 2, can be writterfa®ws:

Y (gender differences students-10.001 + (0.435 students’ attitudes to S&3Jcores) +
(0.562 xbeliefs re scientist and S&scores).

Table 17.gender differences in student attitude to S8&pendent variable) with

students’ attitudes to S&&nd the combined variablstudents’ attitudes to S&T /
beliefs about scientists and S&T

Model Summary
Adjusted R Std. Error of
Model R R Square Square the Estimate
1 484° .235 217 4,778
2 626" 391 .363 4.310]

a. Predictors: (Constant), students’ attitude S&T

b. Predictors: (Constant), students’ attitude S&T, beliefs about
scientist and S&T

Table 18.gender differences in students attitude to S&th the predictorstudents’
attitude S&Tandstudents’ attitude S&Tbeliefs about scientist

ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 307.879 1 307.879 13.486 .001%
Residual 1004.491 44 22.829
Total 1312.370 45
2 Regression 513.496 2 256.748 13.820 .000"
Residual 798.874 43 18.578
Total 1312.370 45

a. Predictors: (Constant), students’ attitude S&T
b. Predictors: (Constant), students’ attitude S&T, beliefs about scientist and S&T

c. Dependent Variable: gender differences students




Table 19:Unstandardized coefficient B and standardized aoefft Beta for the
independent variablstudent attitude S&&andstudents’ attitude S&T
beliefs about scientist and S&T

Coefficients?®
Standardized
Unstandardized Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 11.690 3.361 3.478 .001
students’ aftitude 447 122 484| 3.672| .001
S&T
2 (Constant) -10.006 7.192 -1.391] 171
students’ attitude 435 110 472| 3.967| .000
S&T
beliefs scientist
and S&T .562 .169 .396| 3.327| .002
a. Dependent Variable: gender differences students

The regression analysis suggests that approximé@edp of the variance of the
gender differences istudents’ attitudes to S&T learnirsgale in the sample can be
accounted for by the linear combination of sihedents’ attitude to S&T and beliefs
regarding scientists and S&measures. The increased prediction of the variemttes
overall scalegender differences in students’ attitude to S&Treay, in model 2
probably occurred because no relationship exigtgdmn both predictorstudents’
attitudes to S&Tandbeliefs regarding scientists and S&T= -0.001), thereby
strengthening the relationship between the depéndeiable and the combined variable.

Generally, the results suggest that teachers #raee their students’ attitudes
in the S&T classroom as positive and have no pregsdabout scientists or negative
opinions about S&T tend to perceive no gender gifiees in students’ attitudes toward

S&T learning.
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B. Interviews

1. Demographics

The qualitative analyses were conducted on interdata from ten survey
respondents that had indicated their willingnedsetinterviewed. This sub-sample
consisted of seven female (70%) and three mal&ééea¢30%), which corresponds
approximately with the overall gender ratio of stydrticipants (74% female and 26%
male). Five interviewees (50%) were between 5¥&%5's old, three participants (30%)
were between the ages of 31 and 40 (overall: 4@%@;two interviewees (20%) were
between 24 and 30 years old, which is a similacgr@age in comparison to the overall

(24%). Further demographic details can be sed@ialie 20.

Table 20
Subject | Gender | Age? Educational Background Teaching experience?
High school® University | General S&T

Amy female 51 B:13;C:13;P:10;M:11 | BEd 10 3
Joan female 61 B:12;C:11;P:11;M:13 | BEd; BA 31 31
Katy female 31 B:13;C:13;P:13;M:13 | BEd; BSc 8 6
Liz female | 58 B:13;C:12;P:11;M:12 | BEd**;BA 25 20
Mary female | 40 B:13;C:13;P:13;M:13 | BEd,; 18 14
Mike male 52 B:13;C:13;P:13;M:13 | BEd; BSc 15 7
Ray male 38 B:13;C:13;P:13;M:13 | BEd; HBA* 4 2
Rose female 54 B:13;C:12;P:11;M:12 | BEd; MEd 16 11
Tom male 29 B:13;C:13;P:13;M:13 | BEd; BSc 4 4
Zoe female | 27 B:11;C:10;P:10;M:12 | BEd 3 3

'pseudonyms?years; *academic level achieved in biology (B), chemisty, (physics

(P), and mathematics (M)}Honours Bachelor of Arts**Windsor's Teacher’s College
(predecessor of the Faculty of Education, UniversitWindsor, trained students to teach
in the elementary schools of Ontario; founded i62,%losed in 1970)
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2. Qualitative Analyses

The most noteworthy quantitative finding was tlegtahers who perceive their
students’ attitudes in the S&T classroom as pasiind have no negative preconceptions
about scientists/engineers or the scientific/tetdgioal field tend to observe no gender
differences in students’ attitudes toward S&T |aagn

This outcome is based on six positive relationsfopsd in this study. The
variable teachergerceptions of students’ attitudes toward S&T |&agrwas
significantly correlated with teachersttitudes to S&T teachingeachersknowledge of
and interest in S&T issueand teachergerceptions of gender differences in students’
attitude to S&Tlearning Additionally, a significant positive relationghbetween the
variable teacher&knowledge of and interest in S&T issa@sl both theiattitudes to S&T
teachingas well as theiperceptions of gender differences in studentguale to S&T
learningwas found. Furthermore, the multiple regressimalysis of the dependent
variablegender differences in students’ attitude to S&ith the combined variable
beliefs regarding scientists and S&T / studentstade to S&Trevealed a significant
linear relationship that allows good predictiorboth independent variables. The
variable teachersddttitudes to S&T teachindpowever, was not significantly correlated to
their beliefs regarding scientists and S&T

To explore possible explanations for these outcoteasinterviews with female
and male teachers between the ages of 27 and @lanatyzed. The analyses of the
gualitative data focused on the three main resegueltions delineated in chapter | (page

10) and below.
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Question 1: What is the strength of the relatiopgigtween teachers’ attitudes
toward S&T teaching and their perceptions of stislaattitudes to S&T learning?

In order to explain the positive relationship betwdeachers’ attitudes to S&T
teaching and their perceptions of students’ attitudwward S&T learning as revealed by
the quantitative data analyses, the interviewees agked different questions that
focused on these themes. In particular, the answtiie question “Would you choose to
teach S&T if you had the choice or would you prééeteach another subject?” (#18) as
well as to the questions that focus on the edusaapproach to S&T teaching (#s1, 2,
and 3; Appendix B) were scrutinized to learn mdyew the teachers’ feelings and
opinions about S&T teaching and to unravel possaBEociations with their perceptions
of students in the S&T classroom. The responsésose questions were then primarily
compared with the answers given to question #5 I€gau offer your point of view
about your students’ attitudes toward, and peroaptof S&T?” and question #6 “In your
opinion, why do students have these perceptions?”

Teachers’ attitudes toward S&T teaching

The majority of interviewees exhibited a positivevery positive attitude toward
S&T teaching. In responding to question #18, fiterviewees accented their enjoyment
of teaching S&T and said that they would definitehoose S&T as their primary
teachable; three teachers admitted that theydi&ehing S&T but would enjoy teaching a
different subject more; and two interviewees wearyeaontent with teaching S&T,
whereas one would rather teach a different subjéagjether and the second one did not

enjoy it because of the particular situation atdeisool (lack of resources, low
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expectations from school administration, disengasgerof students due to lack of
encouragement from home/low socio-economic backugtpu

Tom, a 29 year old teacher who brought with hinulasgantial science
background due to a bachelor’s degree in that@®a), had no intention to switch his
teachable subject and simply declared: “I enjoghesy the sciences.”

Likewise, Katy, who is two years older than Toms h&o more years of S&T
teaching experience at the middle school level,as0 obtained a BSc declared: “I like
science....It's fun. It's a challenge.” The challelggand also most enjoyable part, she
further explains, is the teaching itself, the “Ikj@ag] it into pieces [s0] that students can
digest it”. When contemplating about her studyezignces in the sciences, she
explained: “I've always enjoyed science but I'vevays just known that | will be a
teacher. So | would take the sciences and tedch it

However, it is partially difficult to categorizeaehers’ attitudes to S&T teaching
into positive or negative since some intervieweesamot consistent in their descriptions
of their classroom experiences particularly aftetmg for clarity. Liz, for instance, a
58-year old female teacher who could look back ®ye&ars of general and 20 years of
S&T teaching experiences, expressed a very posititede toward S&T teaching by
declaring: “I like science, | enjoy science, | likeading about science”. When asked
whether she would choose to teach science or anstibgect, she sighed heavily before
contemplating: “I wouldn’t avoid it, it's not, yoknow, it's not something | would avoid
teaching, no” and after further probing she disetbsNo, | probably wouldn’t teach
science, well... | probably wouldn’'t.” Another exaraps Ray, a 38-year old male

teacher who brought with him a sufficient math an@nce background from high school
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besides several years of work experience in busipe®re starting to teach S&T four
years ago. Ray’s overall attitude toward S&T te@aghvas rather negative but when
asked about his preferred teaching subject, heesgpd his enjoyment of S&T teaching
by revealing: “...my preference is history but my@esa would be science. | enjoy that, |
enjoy it, | like it. | mean science competitionsstiiear: | don’t know who had more fun,
me or the kids, you know? | like it; it's fun.”

Teachers’ perceptions of students’ attitudes tovi&&d learning

Six of the ten teachers reported that the majofitheir students enjoy S&T
learning; two interviewees thought that some oirtbidents like S&T while other
students dislike it; and two other teachers hadntipgession that most students have
aversions to S&T.

No matter how the interviewees perceived theiretig] the majority of them
were careful not to generalize and highlighted shatlents’ attitudes toward S&T may
vary from topic to topic, from class to class, mmfi individual to individual. In their
responses to questions five and six, none of thicyants mentioned gender differences
between those individuals.

Zoe, a young female teacher with three years of &%thing experience
delineated the relationship between students’ pesittitudes toward S&T learning and
the topic she teaches: “when | do something reaifresting with them, | can tell that
....a lot of them are interested in science and g@tex about science.”

Tom, who rotated as a science teacher betweenritd/éoar different classes and
grades every year, observed significant attitufferginces between different grades

some years: “The four’'s were a lot more into itthey were all there, and they wanted to

67



do it all. The higher grades, | found there werly anhandful of people interested.” In
other years, however, he found that the differeimcesudents’ attitudes to learn S&T
varied more between classes than grades: “[I] wouldtribute it as much to the age, but
the specific group of kids....I had some kids thateweally into it, and really interested,
and having fun with it, and then | had some kid# tieally didn’t care.”

The possible relationship between students’ aggud S&T and their age has
also been described by a couple of other intenaswéVike, for example, a teacher in
his early fifties who had high expectations dupdasitive teaching experiences gained
abroad, explained: “I don’t see high [interestfgneral, at this aged individuals, um,
they probably perceive it as pretty boring, anthiihk] also difficult.”

Additionally, four of the educators that perceitbd attitudes of most of their
students’ as positive or somewhat positive emphkddizat the attitudes of a number of
students had shifted from negative to positive ketwthe beginning and the end of a
school year, while those teachers that perceiveld students’ attitude as more negative
believed that in most cases this negative attitlades not change to a more positive one
over the course of the school year. Not a siregetier reported an attitude shift from
positive to negative. The assumed reasons fachthege in students’ attitude, though,
differed: some educators mentioned that a numbstudients disliked S&T at first
because they thought S&T is boring and they cootdsee how what has been taught
relates to them. As Joan described it: “....thedstis] get interested when you have
hands-on activities and then, they learn how ingrarS&T in everyday life is, so then
they change their attitudes.” Other teachershaitteid students’ anxiety about S&T to the

excessive demand experienced at an earlier pogahiaol. Mary, a 40-year old female
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teacher with 14 years of S&T teaching experiengplagned: “Well, if you have a
teacher that says ok we have to get all this dane t's like push, push, push... they are
going to find that it is way too far based on thesipectations, | guess. [And] when | had
the students that were quite terrified of the smeeecause it is academic, if you
continue to use that exploratory stage, if you icauet to let them know that it is not so
much the end results of the process, and how tbebgut doing that, then they tend to
like it a lot more.”

However, when comparing the answers regarding stadattitude and the actual
teaching, it seems as if the topic or unit thatleen taught is of lesser importance than
the method used. The majority of the teacher$ydntg one of the two that
predominantly observed negative attitudes in mb#tair students, specified as the main
reason for students’ positive response to S&T ttiey, above all, enjoy hands-on and
other activities they can actively partake in.

Joan, the female teacher that has built up sulist&nbwledge in 31 years of
S&T teaching in various classes from kindergartegrade six, said: “I try to make it as
hands-on as possible because that way all therehilchn be involved and even the
children who are very reluctant in that area [l] @0 in and work on it.”

Relationship between teachers’ attitude and thesicgptions of students

In their response to the question regarding tteeiodirite teaching subject (#18;
see above and Appendix B), seven of the ten irdees knowingly or unknowingly
cited students as the primary factor associateld tvéir emotions regarding S&T
teaching. Interestingly, in all seven cases thiégiy@ants associated a primarily positive

teaching experience with their students. Joarexample, a very experienced female
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teacher who was close to retirement said: “I havealy that when you really get right
into [a certain unit] and the kids get into it, ahdy like it, than | like it.” Joan further
offers a possible explanation for her positivetadie toward S&T teaching while
describing the interconnection between her enjoyrokteaching certain science-related
topics and students’ attitudes toward the learpintpese areas:

“Because | know that area [e.g., weather], ancllyesnjoy it; you have to get
[the students] to the point where they enjoy i §au have to enjoy teaching the course;
they ask questions constantly and they want to kimow everything works; [] | just love
that when a child does that. When their hands preonstantly asking questions, | really
enjoy that.”

Similarly, Zoe, mentioned students’ enthusiasmhasmain reason for her
positive attitude toward S&T teaching: “I would defely choose to teach science as one
of my top subjects because | feel that studentgeanreally excited about learning it.”

The three teachers that did not refer to studerttsair response to question #18,
however, mentioned them at another point in theruiew. When asked about their
approach to S&T teaching and the factors that togider most important in teaching
this subject, all three educators not only talkedua their students, they did so in a way
that portrayed most of them as either apprehensnehle, or unwilling to learn S&T.
Ray, for example, the teacher with work experiergagsed in business and who seemed
to be rather frustrated about his students’ peréorre and attitude, stated:

“...from what | have learned, it is only about twepigrcent of students that

really care, and really want to be there, and yeadint to learn, especially in science*,
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and while further explaining his teaching approscB&T: “but the students need to
realize that they are there to learn, and it issoatal hour.”

Similarly, Mike, a teacher with a BSc who teachiea eompensatory school,
explained: “I would do demonstrations; not a lohahds-on stuff for the kids because
the kids don’'t seem to be able to handle it veril.wgot what | necessarily want to do,
but that is the situation that | have to follow.”

Mike and Ray are educators who demonstrated aralbbadtitude to S&T
teaching that was relatively negative and who fedd a very structured, classical
approach to S&T teaching with few hands-on ac#siti Slightly different from those two
teachers’ approaches was Amy’s, the third edueahar did not mention students while
talking about her most favourite teaching subjedthough Amy’s preferred teachable
was not S&T, this educator seemed to be less diaged by students’ attitudes than
Mike and Ray. Amy, who is about the same age &&Mnd who, like Mike and Ray,
worked in another area before becoming a teacheuple of years ago, tried to increase
the ‘enjoyment factor’ of her students, which is ttontrary to Mike and Ray. Amy
incorporated as many hands-on activities as pa@ssildter teaching because “kids love
doing [hands-on] experiments” and because “putiifiginch of notes on the board [is]
boring”.

However, when asked about her teaching objectAmesy, put emphasis on the
importance for students to learn and understanddheepts, similarly to Mike and Ray.
Three more teachers besides Amy, Mike and Ray egpdethe opinion that teaching the
students the concepts and focusing on the corgenbst imperative in teaching S&T;

three other educators thought that it is most ingmarfor the students to be able to relate
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the S&T content to everyday context; and one otdimeteachers emphasized the
importance of students’ enjoyment in learning S&T.

Liz, the teacher that explicitly expressed thedighat students’ enjoyment is
more vital than their understanding of the contalstp reported that students who were
hesitant at the beginning of the school year chaigeir attitude when they had fun in
the S&T classroom: “...if they have a good experiendé [science] in the classroom,
they really like it...I see kids going out of my room really liking stoe, honestly they
do.”

Katy, who always uses a combination of practicetaedry in her S&T teaching,
gave an account of similar experiences: “It isthetsubject itself; it is more when we are
not doing fun things that they [do not like S&T].”

To ensure that the learning experience is as pesas possible for most students,
including those who do not like to read and wititeth teachers put emphasis on hands-
on activities in their teaching approach. Thrdeeointerviewees spoke about hands-on
activities as their preferred teaching tool, whdar interviewees believed that hands-on
activities are as important as other procedurdiser8&T classroom, and one teacher

reported that other tasks are more important tlaul$ron activities.

In short, a predominantly positive attitude to S&#&ching and mainly positive
perception of students’ attitudes toward the leayrf S&T was depicted by the majority
of interviewees. The relationship between teackatitude and their perception of
students’ attitude to S&T was strikingly positive lzas been shown in examples of
educators with a predominantly positive attitude] those with a primarily negative

attitude toward S&T teaching. It is important e that most of those teachers that
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reported positive attitudes to S&T learning in thajority of their students observed an
attitude shift from apprehensive or dismissivedsipive in some students. Teachers that
did not describe this shift showed a predominamdélgative attitude toward S&T

teaching. Moreover, although only one interviewpenly expressed the opinion that it
is more important for students to have fun in tlasgroom than to learn the concepts in
S&T, all teachers stressed the importance of dasxmiuch hands-on activities as

possible in order to reach as many students agess

Question 2: To what extent do teachers’ attitudeS&T teaching relate to their
comfort level in the S&T classroom?
The findings of the qualitative analysis informegdtbe answers to this question
will be used to explain the positive relationshgivieen teachers’ attitudes to S&T
teaching and their knowledge of certain S&T issaesevealed by the analysis of the
guantitative data.
A teacher’s comfort level, as defined in the ‘défon of terms’ (see CHAPTER |
B), is a mental construct and, therefore, difficaltlecipher by quantitative means.
Teachers’ comfort levels in teaching a certain ecthjhowever, are to a substantial
degree linked to their confidence in teaching thdtject, which can be examined by their
knowledge of the subject and their experiencesaching it. The variableducational
backgroundhigh school courses taken, university degree)yaads of general and S&T
teaching therefore, will be used to estimate the degrab@eparticipants’ knowledge
and experience. To further examine teachers’ cdridgweel in teaching S&T, their self-

confidence and self-esteem will be elucidated amdpared with their
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knowledge/experience-based confidence. In ordenviestigate teachers’ degree of self-
confidence, or the extent of confidence they hawémselves when considering their
teaching capabilities, the interviewees were asiddw do you rate yourself in regards
to your confidence and competence to teach S&hgusiscale of one to five?”

The examination of teachers’ comfort level alsmiporates the exploration of
the phenomenon self-esteem, which will be accormn@tidy dissecting the interviewees’
descriptions of how they feel about their S&T taaghand what their experiences in the
S&T classroom were. Finally, the association betwiachers’ comfort levels in
teaching S&T and their attitudes toward S&T teaghaill be investigated.

Generally, all interviewees were confident in teagl5&T and more than half of
them were extremely confident. Using a scale @f tanfive, one teacher chose the
highest rate of five, another one said her conftéddavel is between four and five, five
educators rated themselves a four, and two teachied their level of confidence
between three and four. One interviewee did netmarself but was as confident as
those teachers that chose three to four as thefidemce level. No participant rated her-
/himself below a confidence level of three to four.

However, the data revealed that knowledge-basédatesns apply in four cases:
Three teachers said that they are confident wabhieg S&T in grade 6 and lower
grades but that their confidence level, which éhbetween three to four and four, would
be lower if they were asked to teach higher gralas they have been in the past; one
teacher explained that she feels very confidetgaching certain S&T topics but not in

others. The latter educator rated her confideaeel la five.
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Confidence with restrictions

Four teachers reported that their confidence iohieg S&T is restricted by their
knowledge. Joan said that she does not feel ogertyfortable with teaching topics she
does not have substantial knowledge of, while Aimy and Zoe stated that their
confidence is limited to what is taught in clasgspgo grade six. These educators’
confidence, therefore, is restricted to the unitthe elementary school S&T curriculum
they know and have teaching experiences in. Howyélvese four teachers seemingly
did not internalize a lack of self-confidence daelftis restriction since they rated their
confidence level five, four, or three to four.

Joan, the senior teacher with 31 years of teactwpgrience and a strong high
school mathematics background rated herself fivtherconfidence scale. Her strong
confidence level, however, was not linked to hethrematics background from high
school, but was likely due to those science subjglte took additional university courses
in: “....teaching weather, and teaching the humarypbdould say [my confidence level
is a] five; [in regards to teaching] ‘forces onustiures’ - | would go down to about a two,
[which] is why they are trying to get another scieneacher that could teach that section,
because | don't feel competent in it. What | tedakant to teach properly and | want to
make sure that the children actually enjoy it.”

Similarly conscious about her strengths and weaasem S&T teaching was Liz,
a very experienced educator with 25 years of géaeh20 years of S&T teaching
experience, who reported that she has never taulgigher grade than 6. When asked

about her confidence level in teaching S&T, sheddterself four out of five but

admitted that this depends on the grade level: d&raand 8, some of those things, |
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wouldn’t feel confident with, but I think anythingp to grade 6 | feel pretty competent
with.” Interestingly, after probing for explanatishe substantiated her judgment with a
strong knowledge base and her experiences in tleckssroom, which seemingly were
neither overly negative nor positive: “I have enldgctual knowledge [and] kids don’t
usually stump me on things.” Liz obtained a baohieldegree in geography and took
grade 13 biology, grade 12 chemistry and mathesyadiod grade 12 physics in high
school.

Zoe, the second teacher in this group who rate@tafidence level a four, saw
her limitation, like Liz, in the curriculum solelyHowever, Zoe’s educational
background in the sciences was weaker than Lizh amly introductory high school
knowledge in chemistry as well as physics and atertstanding of biology that derived
from grade 11. Despite the fact that this teaolees, with 27 years of age, the youngest
of all participants and, with three years of gehasawell as S&T teaching experience,
one of the less-experienced educators, she deratatst high degree of self-esteem and
self-confidence in the interview. Zoe stronglyibeéd in her teaching abilities, which
can be seen in the way she admitted that she lpaspare for each S&T class: “So | am
really confident but | do have to take the timedad over the material the night before to
make sure that | have a solid grasp on it befactually present it. So, | am fairly
confident but that is mostly because | prepare hyse

Amy, another educator that mentioned a limitatiegarding confidence in her
statement, was the only teacher in this grouprtitatt her confidence a three to four.
Her lower degree of confidence might be relateldeioeducational background from

high school — although she attained grade 13 ilogpjoand chemistry, the fact that she
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never liked math and did not take any physics @asiins high school might have been an
obstacle for her, at least in regards to teachiglgen grades: “Um, (pause) for grade four
I’d say a three or four; if you put me in grader®Bpl’d be a little bit more worried. But
yeah, I'd probably say a four, | mean, it's a prafitnple concept.about twelve years
ago, that was my first year teaching, [I] definteghproved since then.... So, um, yeah
I’d say | probably started out ....two-three, and yeah, I'd say a three-four.” Amy was
a very assiduous and reflective teacher who had éxgectations of her teaching, which
is probably why she was more critical of her teaglperformance and rated her
confidence level lower than the majority of theeiviewees.

Confidence without restrictions

Six teachers did not mention any restrictions wiaimg their confidence in
teaching S&T. Their confidence level ranged frahrée to four’ to ‘four to five’ and
they all had S&T teaching experiences in gradetaglabove. All teachers in this group
achieved high levels of secondary school scienoeabn: they all completed grade 13
biology, five completed grade 13 chemistry, foumgdeted grade 13 physics and
mathematics, and two teachers completed the adddecels of grade 12 chemistry and
mathematics as well as grade 11 physics.

The four teachers in this group that rated theifidence level either a four or
between a four and a five, achieved consideralidésmse knowledge at the university
level: three obtained a B.Sc. and one achievechamm biology. The two teachers in
this group that rated their confidence level betwa¢hree and a four obtained other
gualifications: one graduated with a master’s degneeducation and the other completed

undergraduate courses in biology, calculus, and@odas.
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The four teachers with the higher confidence |lswglported their confidence
with their science knowledge based on their edanatibackground and/or other related
experiences. Mike, who gained additional expeesrfcom working in the industry and
from teaching abroad, explained: “As | said earlidrave degrees [in] biology and
geology, which includes chemistry and physics;uehaorked in the industry, so | have
actually applied what | have done out in the wolrlialy to keep up with things, | do not
read home quarter journals, but | know what’s gamngn America, | look at Science
online and stuff like that.”

Mary, the teacher that obtained a minor in thersx@e and a major in human
kinetics, reported that her knowledge gained fragh lschool and university is sufficient
for teaching S&T up to grade ten. “I know thatdsmeaching probably ten years out of
high school and university, and the science curiouand the expectations were very
much the same [as what | learned] and | was luécabse | was able to have those
courses and | have the background in it.” Bes@dkgh level of confidence, Mary
demonstrated a strong sense of self-esteem thraugiminterview:

“So, in my experience my students were really gtloely did well, and a lot of
students went on. So | have medical doctors and $orthe medical field, and going
science-based, which is good, and a lot of fenatiéisat. There were several that | kept
in contact with that were very good in my scienoggpams....I mean if they had a
terrible experience in the grade eight, maybe theyldn’t have. But | think | kind of
pushed them toward it and said, of course, theyahgaod experience they must have to

continue in that.”
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Similarly, Katy, the 31-year old speciality scierteacher demonstrated strong
self-esteem and expressed her love for teaching I88dhoosing to become a science
teacher instead of continuing her university degmd®ology. She explained that she
does not bother to put a lot of effort into classgarations since she teaches three to four
grade seven and eight classes per year. “So, ldiake the sciences and teach it.” Katy
further admitted: “I am not the kind of person thattches the discovery channel or that
reads journals — maybe | would if | taught oldetdd But | teach younger kids and we go
for the basics.” It is noteworthy that the ‘basi€aty teaches are the scientific concepts
that four of the interviewees tried to avoid beeatiey did not feel sufficiently
competent to teach them in grades seven and eight.

The two teachers in this group that rated theifidence level between a three
and a four both seemed to be fairly confident ackeng S&T at the elementary level.
However, in their interviews both exhibited a towfluncertainty that might affect their
comfort level. This feeling of uncertainty mighdridze from a lack of university-level
S&T knowledge, as in Rose’s case, or from an oVkxek of confidence in teaching, as
in Ray’s case. Ray had only four years of teackxygerience when he started working
as a teacher at the age of 34, and his teachirayierpes were not overly positive since
he taught students who had many issues that madeeaghing not as rewarding as he
had anticipated.

Despite Rose’s assertion that she is a good S&he&rathe way she underscored
her scientific knowledge and talked about her a®rite level suggests that she was not

as confident in teaching S&T as she claimed:
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“I think I am a good science and technology teachlenow that from the
feedback that | get from the students, [and] dison] the] things that | hear [from
others]....I mean | have a lot of science knowledgl | think | am fairly confident as a
teacher..lL am not one of those people who are afraid offr@aeand | have never been
afraid of science.”

The fact that Rose repeatedly used the term ‘kththat she seemingly relied on
the positive feedback of students and other peopieel good about her S&T teaching,
that she had to distance herself from people wba@herid of science, and reassured
herself that she has never been afraid of scienalel be seen as an indication that her

comfort level in the S&T classroom is not as higlshe claimed.

In summary, all interviewees were confident in teag S&T (level 3.5 to 5 out
of 5) and more than half of them were very conftdével 4 and higher). Their
confidence level was mainly based on their degf&d knowledge, which could be
seen from the fact that the four participants wated their confidence level the highest
also had the highest degree of education in S&Jur participants, who rated their
confidence level fairly high, mentioned that themmfort level is restricted to teaching
the grades they gained S&T teaching experienoghich was grade 6 or lower. The
comfort levels of two participants that did nottries their confidence to any grades was
seemingly lower because of uncertainty due to eltdek of higher degree S&T

knowledge or lack of confidence in teaching overall
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Question 3: How do teachers’ perceptions of stiglattitudes to S&T learning
relate to their perceptions of gender differencestiidents’ attitudes and are those
perceptions related to teachers’ beliefs and opsaf scientists and S&T?

The quantitative analysis revealed a positive ¢ation between the variable,
teachers’ perceptions of gender differences inesttgl attitudes to S&T learningnd
the variableteachers’perceptions of students’ attitudes to S&T learniag well as with
the combined variabléeachers’perceptions of students’ attitudes to S&T learning
teachers’ beliefs regarding scientists and S&T

In the following section of the qualitative analygiocus will be laid on probable
gender bias toward students as well as scienfigtaniight influence the interviewees’
S&T teaching. In particular, the association be&tmeeachers’ perceptions of gender
differences in students’ attitudes toward S& T ieag and the educators’ beliefs and
opinions of scientists will be explored. Sevenagstions (questions #7-10; see Appendix
B) were posed that allowed an exploration of therinewees’ perceptions of gender
differences in students’ self-perceptions, attisuded approaches to, as well as abilities
in learning S&T. Furthermore, the teachers wekeaso disclose their opinion about
possible differences in the way female and malengisits are seen and whether they
believe female scientists might face more or otiestacles than male scientists in the
workplace (questions #12-15; see Appendix B). #ddally, the interviewees were
forthrightly asked whether they think that theiraige of a scientist is biased (question
#16; see Appendix B) and how they prevent any stgpécal or biased thinking from

influencing their S&T teaching (question #17; sg@p@ndix B). Finally, the participants
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were asked to elaborate on the question whethgtthingk they treat female and male
students in the S&T classroom equally (question #&& Appendix B).

Perceived gender differences in students

All ten interviewees reported that they observeadge differences in their
students’ attitudes to S&T and stated that theietelthese differences are not caused by
intrinsic cognitive abilities. Not as distinctiveere the statements when the teachers
were asked about perceived differences in femalenaade students’ approaches to S&T
learning: eight educators observed gender diffexgnane teacher spoke about gender
differences that were much more pronounced abautdars ago, and one educator did
not answer the question concerning gender diffeent students’ approach to S&T
since he thought that could not be done in a fadr @bjective way.

Gender differences in students’ attitudes, abdjtend approaches

The prevalent differences reported were that mogs i§a) like hands-on activities
more than girls; (b) are more active in the S&Tsslaom than girls; and (c) take more
risks than girls particularly when it comes to p@piation in science-related discussions.
The majority of girls, on the other hand, like mamad do better in, sedentary tasks that
involve reading and writing than boys. Howevemsaof the reported gender
differences are not science-specific, as emphasiyédo of the ten interviewees.

Included among teachers’ responses that purpatsdh-science specific gender
differences is that of Zoe, the youngest of theriiewees, who observed that girls were
just a little bit more attentive and more willingdo paper-and-pencil type of tasks in
contrast to boys that preferred other tasks. Not#w is this teacher’'s assumption that

boys’ inclination to hands-on activities might beir innate way of learning: “It was

82



more the hands-on aspect to [S&T learning] thabibyes really got into it. | think that
just might be the nature of how they learn.” Immagely after this statement, Zoe
realized that this might be a generalization shbgyes should not make, but she did not
correct it. When asked about the probable reaswri®oys choosing a different approach
to learning, Zoe answered cautiously while lookimgclues in students’ behaviour: “|
don’t know. | think it maybe is because boys arearaxtive in general. Like at recess,
the girls are playing quietly sitting and the bays out playing soccer.”

Being more active is, in Zoe’s opinion, not onlgifierent approach to learning,
it is also a sign of being more interested in @ “So, it just makes sense that when
they [the students] are in the classroom to leaemore active they are, the more
engaged they are.”

Interestingly, in the grade four class Zoe taughkt year, she observed that more
boys than girls showed interest in S&T, which skeneplified with their interest in the
subject ‘rocks and minerals’: “I find that boysthre class are more interested in science.
Not all of them but | had a handful of boys thistpgear that really got into the unit; they
would bring things from home, fossils from homeok® from home; my girls wouldn’t
do that; they still, ahm, participated and wereiliested in it but | think the boys just got a
little bit more into it than the girls.”

Similarly, Mary, a self-proclaimed “advocate foregjfically females in science
and technology”, observed some differences and somi&arities between girls and
boys. Overall, she perceived boys as the gendétdkes more risks and that is
generally more ‘kinaesthetic’, more focused on neiseemory and hand-eye-

coordination:
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“In my experiences, my boys were very kinaesthétinaesthetic to the point
where they wanted hands-on, and they liked the laltsthe girls tend to be strong,
strong in, in that they wanted to get things dam@, @nd they were able to do their write-
up or that. But that doesn’t mean the girls didiké to do the hands-on either; | just
found that the boys tended to like to get theirdsain there, if they could.”

As could be seen in this statement, Mary considgidsias different from boys
but made sure that the listener does not get tpeession that she, Mary, views this
gender difference as weakness by emphasizinghbajitls are strong. However, this
strength of girls is different from boys’ strengththe sense that girls are more organized
and diligent than boys especially when it comesriting and reporting. At another
point in the interview, Mary further distinguishbdtween the genders by explaining that
girls’ learning approach to mathematics and scienoaore hesitant and often more
‘academic’ or theory-based than boys’ approache dtademic approach, however, was
according to Mary rather based on females’ biolalgitharacteristics than on their social
upbringing. In contrast to girls’ learning apprbathis educator believed that boys’
braver approach to S&T is due to nurture and nairea

However, Mary, just like Zoe, equated being monedsaon with being more
engaged in S&T learning but went further in herlgsia of her experiences than Zoe by
stating that ‘kinaesthetic’ students are perfornbetter in S&T:

“[ ] the students that weren’t doing well were threes that didn’t know how to do
an inquiry-based project. [These] were the onevieae reading from the textbook, [that
were] more academic as opposed to physical. [J&s®en [students that had] a tough

time, and they [had] a tough time [because] theyved it as tough. I think [it is fun for
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other students, who] want to learn, [who] wantxplere — and they get their hands dirty.
[For them] it is like going back to kindergartertla¢ sink. If [students] realize that the
sand table, the Lego, [or] the building blocks [eréact] science-based projects, [] that []
if they were to go back to that [stage] and jushipeble to [see that the] answers [to a
scientific problem] are there, they were ok. [Butdents that think] ‘oh I'm not good
enough, [] I'm not good in science’, those aredhes that were going to have a tough
time.”

Students that choose a more academic approachTdea&ning, therefore, had a
more difficult experience in the S&T classroom hessof their negative attitudes that
derived from students’ own elevated expectatiomstha belief that the overall
expectations are high due to the level of diffiguf the subject.

Gender differences in students’ self-esteem

As shown in the previous section of the analybis Mast majority of interviewees
observed distinct gender differences in studentistides and approaches to S&T
learning. The question that derives from thesestants is how objective are their
observations? To examine their objectivity concegrgender differences in their
students, other gender-related questions were phsaty the interview. Question
number 10, for example, was posed to explore teacbpginion about girls’ self-esteem
and to tease out their point of view in regardpdssible reasons for this stance, which is
regarded as speculative since it goes beyond tithees’ experiences in the S&T
classroom. The question was as follows:

“Research suggests that fewer female than malestsidbelieve that they are

sufficiently skilled in science at the beginninghigh school. Have you seen similar

85



tendencies in your science and technology class® ao, in what grades? Further, do
you have an idea about why this might be the case?”

Three interviewees agreed more or less with thiestent, three disagreed with
it, and four interviewees did not clearly say #yragree or disagree. Included among
teachers’ responses from the group that did nefthigragree nor disagree with the
above statement was that of Joan, the oldest astderperienced interviewee, who
believed that girls used to exhibit lower self-estebut was convinced that this has
changed:

“The females do seem to shy away from science mdwe, but not as much as
they used to. A lot of girls are going into engirneg areas and into that area, which they
never used to, so you know, | don’t think therthet much difference anymore than
there used to be.”

Even more hesitant but agreeing with the statememuiestion number 10 was
Mike, who earlier in the interview refused to takérm stand when asked whether he
encountered gender differences in his S&T classropisaying “It's hard to answer that
guestion in any sort of fair, objective way.” Bigtihguishing between his ‘personal’
(subjective) ‘belief’ and his seemingly objectivieservations, he tried to be as impartial
as possible in his answer to the question whetberoticed lower self-esteem in girls,
which seemingly caused some confusion:

“My personal belief, from what | have seen, | cansay that that is true, but my
personal belief is that it probably is... [true thiztinales [] have many of those skills.
You still see the boys with the computers and dikéfthat; [] a lot of them are pretty

adept to those [things], whereas you don’'t seesémee interest in girls. Probably in girls
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in terms of studies in computers; in girls, yoll ste that there is somewhat of a lower
expectation in terms of what they can do [] vefsdsat] boys [can do]. So, my personal
belief is that, yes, [more female than male stuslbstieve that they are not sufficiently
skilled in science] but | can’t say that [this[&ccurate].”

In his response, Mike did not talk about lower -gsifeem in girls explicitly.
Instead, he used a rather positive term by talkimgut certain skills he believes girls
have that derive from having lower expectations thays for their achievements in
S&T. From what Mike said somewhere else duringinberview, by this he most likely
meant girls’ low expectations for their future iargral and not for their achievements in
school solely. However, by making the distinctimiween his ‘personal belief’ and his
observations, Mike attempted to convince the listghat he is always aware of his
biases and, therefore, is capable of not lettisgoRrsonal beliefs influence his teaching.
That this is not the case became obvious in hjgorese to question number 11. When
asked whether he thinks that he treats boys atgigihis S&T classroom equally, Mike
said yes but admitted that he does not reflecti@telaching enough to be certain if this is
true:

“I would say yes. | probably like the females betteterms of the stronger
students; the stronger students are females inlasg,cso maybe | treat the females, |
expect more from them than the boys, but thatiid tasay. | don't sit around and on it
too much, in terms of my own practice, so, | maymaty not....I think that | try to pass it
around, | don’t do anything in particular and | daeflect on it.”

Moreover, in his statement Mike sought the reseaistagreement by expressing

the possibility of having gender biases that wdaddn favour of female students, which
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might be more acceptable than if they were agé&emsales: “I don’t have a certain
election for boys; ...I don’t have that kind of thifgports, buddy] with the boys; ...l am
not a guy’s guy.”

Perceptions of the scientist

In this part of the analysis the interview data ttentered on bias toward
scientists will be examined. In particular, theemiew questions #12 to #15 that focus
on perceptions of the scientist and the scienti#fatinological work environment of
female scientists that teachers have as well agtherceptions teachers believe others
might have will be analyzed. Additionally, quest#16 and #17 will be scrutinized
since the interviewees were asked to disclose ehétiey think their own perceptions of
the scientist are biased or not, in which way tpeitceptions might be biased, and how
the teachers prevent their biases from influentegy S&T teaching.

Perceptions of stereotypes in society

The interviews revealed that all ten participangsewconvinced that the
stereotype of the scientist as primarily male sfiists in society. Tom, for example, the
young male teacher with a university educatiorhgciences, who believed that the
scientific approach is gender-neutral and whohatteginning of each new school year,
explains to his students “that anyone and everganeand is a scientist”, reported:

“I would say yeah [most people have a stereotypinale of the scientist]. They
all probably picture the guy in the lab coat wille glasses, and all that stuff....Um, why?
Maybe that is what they were brought up with, ieathat their teachers were like, and,
and that is what they see on TV, or in the moviestmatever, and that is the perception

that they get.”
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Perceptions of students’ stereotypes

The majority of interviewees also observed prevadggreotypical thinking in
their students. For instance, Ray, a teachersifelte thirties, was flabbergasted by the
stereotypical responses he got when he discusselbigemles with his students:

“I think a lot of girls do have a stereotype of whals, what careers are girl
careers, quote on quote, and what careers aredoegrs. Engineering and science are
boy careers.” Ray further explained that he bekethis is changing but later retracted
his statement by saying that, no matter how muabhters “try to help [their] students
break these stereotypes, these stereotypes sill’eAnd in a rather frustrated tone, Ray
offered an explanation for why he, like any edugatannot really change students’
stereotypes:

“I honestly really believe that those attitudes amg heavily influenced by the
socio-economic [background] or the family that #hggls grew up in....because mom
isn’t going to help because she really doesn’'t,carehe does not have time to.”

This statement, however, refers to the fact thattRaght at a compensatory
education (comp-ed) school that offers supplemgmiesgrams designed to help children
at risk of cognitive impairment and low educatioaehievement reach their full
potential. A substantial number of Ray’s studdimtsin low-income households with
the mother being the single parent.

Perceptions of own stereotypes

The interview responses concerning the teachee@m of the scientist as well
as their perceptions of their own biases towardrdsts were multifaceted and partially

ambiguous or contradictory due to the delicate enatf o unravel the complex issue of
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stereotyping, the following part of the analysidl facus on the exploration of four main
guestions: What were the participants’ image$efdcientist? Are the participants
aware of their biases? How do the participant$ w#h their biases? What are the
consequences for their teaching?

All the participants described the scientist in @rag or another as a person that
enquires, tries to ‘figure things out’, is curiousbiased, and organized. An important
part of this inquirer image was, for most of thetjggpants, that this person does
experimental work. Beyond being a good researtherscientist was described as
somebody who is (a) “able to show others how whabplens in the world works” (Joan);
(b) “dedicated and passionate” about her/his wigky(); (c) “highly creative” (Rose);

(d) “good communicator in terms of writing” (Mikeand (e) “academic, strong, quirky,
and well-rounded” (Mary). As can be seen in thietamage description, in which the
scientist is a quirky and well-rounded person,dékneated characteristics are not
always coherent.

Initially, only one participant allocated a gentieher description of the scientist.
This participant, Zoe, who distinguished hersealfirmany students that pictured the
scientist as a man that looks as if he has “besstrelcuted”, admitted that she
automatically, attached the male gender to her éntdghe scientist. To be more precise,
Zoe, pictured David Suzuki, a more recent sciettist is very different from Albert
Einstein but is also used by the media in a syroldakhion.

After probing, Mike also admitted “the default wdlde a man” in his image of
the scientist, despite his knowledge of the faat thore women work in the scientific

field nowadays than ever before.
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When asked whether he thinks he has gender bibses scientists, Mike, who
usually responded to questions in a well thouglatune way, answered hesitantly, which
can be seen by his repeated use of ‘you know’:

“...if I reflect on it | would say no [I have no geaidbias] because [] | am from,
you know, a university in science; | know peoplattare professors of science....if |
think that, you know, women can be, you know, asdgas scientists as men, of course
they can be.”

When asked how he prevents any stereotypical sedighinking from
influencing his S&T teaching, Mike appeared puzzkewd stated:

“I don’t know that | do. Um, (long silence) diduh, really address it or think
about it? | guess (Long silence) ‘cause, once agaterms of time constraints, like, you
know, | am here to teach this [S&T content]; salso have to think that | want to
promote the female aspect. There are so manysliyiog want to promote, like the
fitness, and the character, and the gender, anaitiharities, and everything else. There
is so much... it's overwhelming the number of thitiggt they [the administration]
want.”

Finally, he came back to the question regardinggargon of stereotypical or
biased thinking from influencing his S&T teachimyaeported that he does not try to
prevent it consciously but that he believes in éqpgaortunities, meaning “that anybody
can go to university, everybody can do this kindhirfig.”

Four participants corroborated the ‘gender-neuyradif their image of the
scientist during the course of the interview. Tlstated opinions, though, differed in

regards to the level of awareness of their owndsias
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Included in this group is Tom, who knows scientssonally, has several
female friends that are doctors or pharmacists vamaseemed to be oblivious of gender
stereotypes since he has never paid attentionndegessues that possibly affect the
readings and other materials he uses for S&T tegchOn the question whether he
agrees or not with the statement that women andimére scientific and technological
fields are treated equally, Tom contemplated thare is probably still alliance more
toward the male side”.

Similarly, Ray, who knows female scientists perdigrend who talked about the
unfortunate fact that a glass ceiling still exfsiswomen in those areas, also believed
that gender is not an issue in the sciences. éleever, reported that he always reflects
on his teaching and that he tries to teach studeiitsal thinking and not to manipulate
them in any way.

Katy, who is also convinced that the gender ofiargist is irrelevant for her or
her work, is well aware of existing gender sterpegyin society as well as in the minds
of her students, which is why she takes on a matieearole when it comes to girls
behaving according to these stereotypes: “They avaat ridiculously [because of boys]
and | would be like ‘for what?’ You are only twelldave some respect for yourself.”
However, concerning S&T teaching, Katy reported #iee always treats female and
male students the same way.

Joan, the teacher with the most extensive teaahpgriences in this group of
participants that did not attach a gender to tinesge of the scientist, highlighted several

times during the interview that a lot has changghrding gender stereotypes of
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scientists: “I think that most people are startingealize that it doesn’t matter what
gender you are.”

While the assertions of those four participantsenrather comprehensible, the
statements of four other participants concernimggnder-neutrality of the scientist
were not as convincing after probing.

Included among participants’ responses from th@-oonvincing gender-neutral’
group is that of Amy, a critical and reflective ¢aar who frequently uses gender-related
material in her class to bring contributions of #denscientists/engineers to students’
attention. Amy contemplated about her own steygEdywhen asked to share her
perceptions of the scientist: “I| am wondering dfd have any stereotypes; for someone in
my age group — [yes].” Amy further explained tBae has “learned that scientists were
men” when she grew up and admitted that, becaugedtereotypes she was confronted
with as a young person, all her doctors are métmagh female doctors are available.
However, Amy distinguished between her own upbriggand the way she educates
students as well as her own daughter, from whonhabealways tried to dispel
stereotypical thinking. When asked whether shiebe$ that women who pursue a
career in science or engineering encounter moredkes than men, Amy agreed:

“...at the university level, there is still the oldayd, the old foggy men that, you
know, women can’t do that, they should stay honrefoat and pregnant. | mean that
kind of garbage. Yeah, I'm sure they still do [fanere obstacles]. Yeah, the glass
ceiling, whatever you want to call it. Like its dkhey want to go into nursing, like that’s
ok, that's one of the softer sciences, but yeathe§ want to become a nuclear physicist

— it’s like what’s wrong with you?”
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With this statement, Amy confirmed her stereotypthe scientist, of which she
is well aware and that she consciously tries tkl¢éain the S&T classroom: “I don’t want
anybody [to say] | can’t do that ‘cause I'm a girhat just drives me nuts. No! If you
want it, you go for it.”

Another example is Liz, a teacher that was a yadhgt in the 1960s, who was
convinced that her image of the scientist is gemaertral but who, after probing,
expressed gender stereotypes while talking abeup¢lople that work in different
scientific areas. When asked whether she attachesder to her image of the scientist
or not, Liz stated that she does not. Her desonipif the scientist, though, was that of
somebody with preferences in her/his approach td &t are similar to those this
teacher attached to male students: “a scientistcheeslly want to get down and dirty and
right into it.” Liz realized after she has beekeswhether her image of the scientist
includes people who do more theoretical work, whitenand read a lot, that her image
of the scientist is biased. After sighing deeplye admitted:

“Maybe | don’t consider them to be a true scierttisin, you know? ‘Cause
anybody can do reading and writing and memoriztsfacTherefore, a person who
prefers theoretical, sedentary work, who is betteeading, writing, and memorizing
facts, a person that, according to this and mogitebther participants, is more likely
female than male, is not considered a ‘true s@éntLiz then distinguished between
different scientific fields that she related toemtain gender: “To me the [male] gender is
leaned toward computer; they are what we used to perceive as science {egke
further explained that the kind of science thatddasys interested her was performed by

“real people”, by female scientists like Jane Gdiddeho worked with animals and that
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kind of thing ... as opposed to somebody, [who igirg) behind some machine. |
suppose | perceive them as being [mostly] men.”

Liz, however, was aware of her own gender biascamgciously tried to prevent
any biases from influencing her teaching. Wheredskhether she thinks that her
perceptions of a scientist are biased, Liz repdiadost apologetic:

“I guess everybody has their own biases don’t the§fe further contemplated
the question by reflecting on how she would feshi¢ were to meet with a scientist she
earlier called ‘a true scientist’: “I guess, | wduyeah, you know, | would think to myself
if | had [...] carry on a conversation with a chenast physicist, if | were, you know,
sitting across the table from one and | had tof@kwo hours, | would go ‘eek, |
wonder what are we going to talk about’.”

The description Liz gave of an imaginary meetinthvei chemist or physicist
sounded more like an interview or interrogationvimch she was in the weaker or
dependent position than a conversation betweeretiuals. However, Liz’ apprehension
about chemists or physicists derives from old mhegs about scientists as being
uninteresting or not sociable. These views areagsbciated with experiences she
probably gained within the last ten or more yearsesshe has a daughter who “did
physics” and an acquaintance that “is one of tteafdlhemists [in a company] and he is a
pretty cool guy.”

Gender bias toward scientists versus gender oéstad

To further explore the relationship between teagtggnder bias toward scientists
and their perceptions of gender differences inestts] the participants’ answers to

guestion number 11 (“Would you say that you trestsband girls in your S&T class
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equally? How do you know this?”) are compared \hid responses they gave
concerning their gender bias toward scientists.

All participants re-affirmed that they try to tregitls and boys equally. Six
participants demonstrated awareness of the fatthtbg might not treat both genders in
exactly the same manner, three participants wareicced that they treat female and
male students in the S&T classroom equally airaks, and one participant did not
explicitly talk about equal treatment of students f@sponded in a way that could be
interpreted as lack of awareness of own biasedviaina

Awareness of unequal treatment

Rose, Liz, Zoe, Amy, Mike, and Ray reported ththaugh they try to treat the
students in their S&T class equally, they probdt#at female and male students
differently.

While Rose contemplated about the problems thatsdrat naturally occur due
to the fact that she is “a human being trying tal @#@th another human being”, Liz and
Zoe admitted that they might subconsciously favoale students. The expressed
assumptions why this might be the case, thougferdd. Liz assumed that her teaching
approach in S&T might cause gender disparitiesesgine does “even more hands-on
things, less reading and writing kind of things”emshe has a class that is predominantly
male, while Zoe thought that she probably callsnate students more often:

“What | think, though, is, because | know my boys more engaged in science, |
might subconsciously call on them more when thégratn answer. Because if Joe is

never participating in language and all of a sudderare doing science and he has all
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the answers and he is confident and he wantsltméthe answer, I'm going to be more
likely to pick him then a girl who succeeds in atkabjects.”

Amy, Mike, and Ray, in contrast, believed that tkeynetimes deliberately
favour female students. Amy, for instance, stated:

“I would almost say that | go the opposite end,.amdth bringing in things about
women scientists, | kind of load it the other wagnd make it less gender-biased, than,
perhaps, than it traditionally has been.”

Similarly, Mike and Ray, often perceive boys as endefiant than girls and want
to help girls more so that they succeed in schodlreve better chances in life than the
generation of their mothers. Ray, after reporthng he uses differentiated instruction
methods to promote learning in both genders, exethi

“l actually tend to try to help girls a little mobecause I'm a father of a daughter;
| grew up in a family where | only had sisters.cBese....l have seen people sell
themselves short, | have seen a lot of girls thert to school with sell themselves short
and never achieve what they could have achieved.”

Equal treatment at all times

Joan, Katy, and Tom explained that they treat ginld boys equally in every
teaching-related aspect and all the time. The elesrthey used to corroborate their
statements were that they (a) give female and statients the same assignments and
guestions; (b) group them together for activitied assignments; and (c) help every
student that is in need regardless of her or hislge That these measures might be
insufficient in ensuring fully that female and matedents have equal opportunities in

learning S&T and could mislead the teachers ovar thwn gender biases can be seen in
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Katy’s statement. Katy, who is one of the teaclieas said she provides help to female
and male students alike, explained that her attemti S&T teaching focuses on the
means and not so much on the ends. That is, “whetinot they (the students) are
trying and working” and not so much whether a wntassignment, for instance, is as
complete and comprehensive as possible. The vimyeidcher evaluates the “trying and
working”, though, seems to be gender-biased sineeyours students that perform well
in class orally, who are more often male studdms female students.

As Katy explained further, the assessment of stisdarS&T is almost
exclusively based on their performance in testsvariitien assignments but occasionally
she might take a student’s participation in class consideration. Thus, when she has a
student that does poorly on tests but shows otlserailot of interest in S&T by
participating a lot in class, she would “bump [trade] up a little bit” since this is
perhaps an indication that “they (the studentsyddtle bit more than what they are
showing me [in the tests].” Katy further explairtealv she tries to be fair in her
assessment: “But it doesn’t work the other way adou would not bump it down
because they (the students) don't talk as muchth®g,(the students) are just different.”

Katy did not differentiate between female and nsilglents here but gave an
example for how she would help students who haffedties with writing, and these
are mostly boys as Katy delineated somewhere wlsi&e elucidating that she would
only encourage girls to participate more in clésssaw that they (the girls) are not
learning.” Katy further explained why she belietleat most girls do not need extra

encouragement:
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“But sometimes kids are like that — sometimes flasywant to hear it....I was
like that way. | didn't like to give an answer as$ it was right. So it meant that | was
listening, no matter if my answer was right or wgpii no one else would ask the
guestion, | would ask. But sometimes kids cahlstirn; they only have a different
personality. One would rather listen than talk.”

The fact that Katy conveys her own behaviour asidesit to the female students
in her S&T class and inadvertently treats girls bays differently could, therefore, be
interpreted as an indication of gender bias.

Another teacher who was not aware of the facthbat she grew up, the way she
has been socialized, generated gender bias tltatdrtantly influences her teaching, is
Mary. Mary has always tried to bring the ‘femadaise’ in the forefront by working in
school administration while, during her active taag years, gave preference to a S&T
teaching approach that has been beneficial foahérelped her in becoming a
successful professional in a male dominated afé#s approach, however, is
advantageous to more male students than femalerggjcs delineated by Mary:

“You know research shows that there are malesatigaa lot more, predominately
kinaesthetic, hands-on learners but that doesréinntigat females aren’t either. | am a
very kinaesthetic person, and it is based not schnom gender but on the learning style.”

Mary then continued with what seems to be an attéon@xplain the gender
differences between females and males she obsertiee classroom but the way she
talked about tomboys could be interpreted as lidntaabout her own experiences as a

kinaesthetic female student, who did not fit in ¢femder role society imposes on

females:
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“However, we tend to let the boys take the ropes; know ‘boys will be boys’.
And | think once you think of that risk taking, abding able to get your hands dirty and
that, I think here is still that difference. Nots®& that there are not girls that are like that
as well. Girls tend to be the ones that are morgyell-rounded; and they are not just
the tomboys. | just think that there is still tigaip there.”

Mary’s awareness of the existing gender gap mighthbk result of a revelation
she had earlier in her teaching career:

“My first year, | [sent] all four of my top malewsdents [to the annual S&T
competition], and they didn’t do very well; theyned...] very strong, they couldn’t get
much done because they all wanted to be the lea&ers learnt that. And now, | ended
up taking the next one, the kinaesthetic onessaahuch risks [takers], they, um, [built]
a great contraption, but they couldn’t get anythdiogvn on paper. When | brought in
females into the mix, um, and these particular fesyaand | had two and two, there was
more the dynamics but the females tended to ‘we baget this done’, and ‘let’s not
squabble’, ‘cause there was time constraints s'leist do it’, they, they brought in a
different element to it, and then, they startedddetter.”

Mary highlighted that this success at a S&T contjpeti‘really had nothing to do
with ability” but “with working together as a teami/hich, according to this teacher, is a
skill female students share with scientists. HosveMary still seemed to be surprised
about girls being as successful as or even momesaful than boys at S&T
competitions:

“That was a few years ago, so, and the winneestitally was quite interesting

because schools were putting in dual teams, aksreahd all females, and the females
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were going up against the males, and dependinpasetpersonalities, they were doing
quite well (laughing) you know, a little bit of cqatition, and the females wanting to
beat those boys, and there is nothing wrong wih eéfther (still laughing).”

Gender neutrality versus gender biases

In the last section of the analysis, focus willdid on the exploration of a
possible relationship between teachers’ genderdgpepinion about scientists and that
about students. When comparing participants’ states in regards to equal treatment of
female and male students with their responses coincgtheir gendered image of the
scientist, a positive relationship becomes apparent

Joan, Katy, and Tom, the three teachers who wereirnced that their teaching is
gender-neutral, for instance, also reported hamtngender stereotypes of the scientist.
Moreover, these three educators belonged to thggrbparticipants that corroborated
their assertion of gender-neutrality throughoutititerview and showed no awareness of
gender bias. The fourth participant of this grarpy, however, was gender-biased in his
treatment of students. Ray firmly believed indgsder neutral-image of the scientist but
due to his personal experiences at home and withleepeers at university who did not
pursue a career and failed to live up to their pidé consciously supports female
students in his S&T class more than male students.

The second teacher who expressed awareness ehidsncy to favour female
students was Mike, who, like Ray, believed thatsheot gender-biased but contrary to
his peer, pictured a male scientist when askedtabsimage of the scientist. The
responses of the remaining five interviewees vasigdificantly in the expressed level of

consciousness regarding their gender bias towadtsgts as well as their gender-
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specific treatment of students. Included amonghees’ responses from this group are
those of Zoe and Mary. Zoe could be identifiedhasparticipant who expressed the
highest level of awareness of her own gender biaard scientists as well as students,
and Mary as the one who demonstrated the lowest tf\awareness. While Zoe offered
her frank opinion about her own stereotypes angiptesgender biases without probing,
it was often necessary to probe for clarificatio ask Mary a question in different ways
in order to get a proper response. Mary, who alshohad difficulties to deal with her
prejudices, rarely answered directly to a questiavjated frequently from the topic
being discussed, and got repeatedly entangledriargements because her messages
were at times conflicting.

In summary, the level of understanding of teachensi gender biases and the
extent to which they try to raise students’ awassr# gender-related issues in S&T
varied substantially among participants. As cdaddseen from the statements above, a
couple of teachers were well aware of their ownestiypes and actively counteracted
them in their S&T teaching by discussing gendegsah general and, for instance, the
contributions of female scientists in particul&@ontrarily, some teachers were oblivious
of the fact that the way they teach S&T might euenced by their own biases or that
they, by not discussing stereotypes with studenight corroborate students’ biased
perceptions of the scientist. When comparing gecticipant’s report, a predominantly
positive relationship between an individual’'s gangias toward the scientist and toward
the student can be found. As could be seen framusexcerpts of the interview
transcripts, the degree of awareness of one’s s stereotypes differed significantly,

which has to be taken into consideration when jpreging the data since a participant
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that claims to have no personal biases could vetiyumconsciously reveal biased

behaviour in her/his responses.
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CHAPTER V
DISCUSSION AND CONCLUSION

A. Discussion of Quantitative and Qualitative Data

Most of the findings from the analyses of the qitative data were confirmed by
the qualitative data. In those cases where nofgignt relationships among the most
important variables were found with quantitativeamg, the data from the interviews
revealed some possible and plausible explanatibiasvever, there were a few findings
that could not be explained by either the quamigadr qualitative data. For these
findings, literature was used to find possible arglions.

The main aspects that were explored in the cowtfebeachers’ attitudes toward
S&T teaching were: (1) teachers’ knowledge; (2theas’ experiences; (3) teachers’
confidence; (4) teachers’ expectations; (5) teahmsliefs; (6) teachers’ bias; and (7)
teachers’ level of awareness. Overall, the caledlaverage score suggests that grade 4
to 8 teachers’ attitudes toward S&T teaching agtpwe and that the higher their degree
of content knowledge, the more positive are tresching experiences. This positive
attitude also corresponds with childhood learnixggegiences; that is, the more positive
their childhood/school experiences, the more cemidhey are with their overall
teaching. Another key finding regards teachers’rawass of gender issues. Data indicate
that those teachers who had low expectations fioiesits, particularly female students
were also those who believed more in gender egualid that those less aware of their
beliefs and biases concerning gender issues iB8&Teclassroom and in S&T in general

had higher expectations of students.
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The survey data indicate that significant diffeenexist between teachers who
obtained a bachelor’s degree in science (BSc) lamgktwho did not. Teachers with a
BSc were more confident in their S&T teaching thta@ir counterparts without a BSc.
This confidence possibly results from teachersidb¢hat they are adequately trained to
teach S&T, which is rooted in the teachers’secondaience education and background
acquired through tertiary education in sciencertteu, analysis of the quantitative data
indicates that teachers with a more positive aléitare also more knowledgeable about
new S&T topics. The interview data suggest thatesteachers with lower level science
education were very confident as well but this merice was restricted to grade 6 and
lower. Accordingly, these teachers reported they twvere comfortable teaching at this
level because they knew the content well.

Teachers’ experiences played an important role, ide interview data indicated
that if a teacher experienced S&T negatively irhtsghool, it is more likely that s/he
developed a more negative attitude toward the tegaf S&T that can lead to
apprehension. This apprehension can further radéacher’s inclination to focus on
strands and topics s/he feels comfortable withctving more often related to physics and
mathematics than to any of the other sciences.eMar, a teacher’s attitudes to S&T
teaching may be more negative if s/he had negatiperiences with students and their
parents. Overall, the assumption that more tegatwperience leads to more confidence
in, and comfort with, the subject taught was neittenfirmed nor denied by the findings
in this study. Data from this research indicatd the quality of one’s teaching is of
greater importance than her/his teaching duratiod,that both have an impact on

teachers’ attitudes toward S&T teaching.
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One of the main outcomes of the analyses is thabers with positive attitudes
toward S&T teaching also perceive their studerttguales toward S&T learning as
primarily positive, which might enhance a teach@tssatisfaction and self-esteem. The
extent and direction of a teacher’s attitude tows&d teaching, however, seems to
depend on several other factors as well. If alteds self-confidence is high, the
relationship between her/his attitude to S&T teagland students’ attitudes to S&T
learning is stronger than if her/his self-confidemlow. Further, teachers whose
expectations for students are not met, developra megative attitude than teachers that
are satisfied with their students’ performance padicipation in the S&T classroom.
The analyses further suggest that teachers whdmaséudents, and experience positive
individual breakthroughs, tend to attain a mordtpesattitude than those who do not
develop a strong bond with students. Moreovercatius with a teaching philosophy
that primarily focuses on helping students may bgva more negative attitude toward
S&T teaching if they cannot fulfill their objectilmecause of a perceived indifference or
unwillingness of students to learn.

Another outcome of this study is that no assoamlietween teachers’ attitudes
and their perceptions of gender differences inesttsl attitudes was found by
guantitative means but the interview data sugdmedta relationship, though rather weak,
may exist. That is, teachers’ attitudes to S&Théag seemingly depend more on their
experiences, beliefs, and expectations regardirdests of different genders than their
actual perceptions of gender differences in theidents. The qualitative data suggest
that a teacher’s attitude to S&T teaching may weith the degree her/his beliefs are

confirmed and/or expectations are met by studdrdsspecific gender. Particularly
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important in this regard is the level of awarenes&acher who is aware of her/his
beliefs and expectations for female or male stugdant is content with the situation,
may attain a more positive attitude to S&T thaeacher who is similarly aware of the
situation but is disappointed or frustrated abaw things are with students. On the
other hand, a teacher who is less aware of gerniffierethces may attain a more positive
attitude than a teacher whose level of awarendsglis Further, teachers’ beliefs,
experiences and expectations may lead to an atthat is more negative if female
students exhibit a negative attitude to S&T leagrbnt their attitudes may be unchanged
if boys exhibit a negative attitude. A plausibig@knation for inconsistencies in the
relationship of teachers’ attitudes and gendeedkffices in students’ attitudes may be
that some teachers believe that gender differeéncgsidents are unrelated to the teacher
because of biological traits in students or sadi@umstances that are more influential in
students’ attitudes.

The analyses further suggest that teachers’ agfitade affected negatively if they
fail to motivate girls to learn and excel in S&This relationship can vary, depending on
the teacher’s own gender identity, her/his perserpériences, expectations and beliefs.
It was found, for instance, that some teachergudtts are more negative if they believe
that female students must perform well in S&T idearto succeed in life but perceive
girls in their S&T classroom as disinterested.

The analyses of the survey data suggest that woiaten between teachers’
attitudes and their beliefs about scientists and $&ist while the interview data indicate
that both variables are somehow related. Simildné aforementioned findings

regarding attitudinal relationships, the strendtthe associations depends on teachers’
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expectations, their awareness, and their beli€fe belief that everybody can become a
scientist seems to be widespread among particippanthere are major differences in the
strength of this belief, which can result in atfiéudifferences. For example, a teacher
who strongly believes that everybody can beconmemtst, had personal experiences
that support her/his belief, and is not aware oidge inequalities in the scientific and
technological fields, may attain a more positivéude toward S&T teaching than a
teacher who principally believes the same but iaravef the male-dominance of S&T,
social inequalities, and gender roles that hinderdies to enter these fields.

Lastly, the findings suggest that a teacher whdéa)limited awareness of gender
differences and inequalities; (b) is convinced timtognitive or affective differences
exist between females and males; (c) believegygrader does not play a role in science,
meaning that science is gender-neutral and sdaeatid technological knowledge does
not reinforce gender and other social hierarcl{asbelieves that most female students
perform as well or better than male students; ahdecognizes the existence of gender
inequalities in, for instance, the workforce bulidees that they have no impact on S&T
per se may attain a positive attitude toward thehang of S&T.

The discussion will be based on the three key stuehgtions. As well, for each
guestion both quantitative and qualitative data belincorporated.

1. How do teachers’ knowledge and school-related éxpees impact their attitudes

to and confidence as well as comfort levels inheag S&T?

2. In which way are teachers’ attitudes toward S&Tch#ag influenced by their

perceptions and expectations of students’ attitbal&& T learning, their
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perceptions of gender differences in studentsuaktis, as well as their beliefs
about scientists and S&T?

3. What are the implications of teachers’ attituded p@rceptions for their S&T
teaching in general, and for their attitudes towsttaients of different genders in

particular?

1. How does teachers’ knowledge and school-relexpériences impact their attitudes to
and confidence as well as comfort levels in teagd&T?

Quantitatively, aspects regarding teachers’ edoatibackground were
investigated in the demographic section of theeyr(a) the levels / years the
participants took courses in biology, chemistryygbs, and mathematics in high school,
and (b) the university degree in science obtainethé participants.

(a) Quantitative data substantiated some butlhaspects of this hypothesis. This is
because information gathered regarding teacheghk’ $thool background was
incomplete or contradictory. Further, the dataardmg differences between teachers
with a bachelor’s degree in science (BSc) and thodeut a BSc were significant in 2
out of 10 variables only. Based on their expewisé training, teachers with a BSc were
more confident in their S&T teaching than thosehwitt a BSc. The data concerning the
educators’ teaching experiences disclosed no signif differences between teachers
with experiences above or below eight years of ggnieaching and those above or
below five years of S&T teaching. In contrast, mitative data about the teachers’
continued S&T learning revealed a significant pesitelationship with their attitudes

toward S&T teaching to support this hypothesis.
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The qualitative data confirmed the quantitativeadagarding the relationship
between teachers’ knowledge and experiences int8&dhing and their
confidence/comfort level. That is, interview deg¢aealed that those participants who
said they feel very confident and comfortable mcteéng S&T had the highest degree of
education in S&T (BSc or attainment of some uniigisourses in sciences) and
substantial S&T teaching experiences. In additioterview data suggest that the
confidence or comfort level of teachers with lowdescience background is often
restricted; it depends primarily on the educatknewledge of the teaching material and,
to a lesser extent, on the duration of S&T teackixgerience. That is, teachers with low
level science background and not much teachingreeqme may be very confident
because they know the content well. On the othadhteachers who have limited
knowledge of the teaching material may be lessident even though they have a lot of
experience. This finding confirms what Woolnoug{894) extensive study, cited in
Osborne et al, (2003), revealed - teachers weré¢ coogident teaching what they felt
most comfortable with or were specialized in.

In addition to the relationship between teachetttuales to S&T teaching and the
high school courses taken, the association betteewariablesgender and,courses
taken in high schogplvas investigated. The fact that no significanultsswere found
when computing the relationship of the variablesoéStabs and Chi-square test) is most
likely because the number of cases was too lowtatistical analyses.

More female than male participants completed gd&8lkiology, while
comparatively more male than female participantaeted grade 13 physics. Further,

a higher percentage of female participants comglgtade 13 chemistry and a higher
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percentage of male participants completed gradedtBematics. Although there are
gender differences between those who completeddyand physics, these percentages
are low, thus necessitating a cautionary noteeir tliscussion. That is, these data have
to be discussed cautiously due to statistical dtiohs, however, it can be said that their
outcome corresponds with a well known trend inrsz@eeducation research. Research
has shown that female high school students havefarpnce for biology while male
students prefer other science subjects such ascghl(@sborne et al, 2003; Weinburgh,
1995). In her meta-analysis, Weinburgh (1995)dc#teidy findings from Schibeci

(1984) describing that female students show a rposéive attitude toward biology and
male students a more positive attitude toward isyand chemistry.

The trend of more female students favouring biolaggt more male students
favouring physics is also evidenced by the numb&females and males enrolling in
biology and physics undergraduate university pnogréCanadian Association of
University Teachers, 2007). That female and maléigpants in this study had similar
preferences when they were high school studeritseastudents in the studies cited
above is partially confirmed by the qualitativealaSimilar to the studies cited above, as
high school students, female participants in thighg had a preference for biology while
male participants preferred physics. This findimgonfirmed by the qualitative data,
which indicates that the three male intervieweesewemfortable in teaching the all
science subjects; however, they had apprehensimng teaching biology. The female
participants’ preference for biology over physigsiso present, and is evidenced, for
instance by Liz descriptions of her peers who stigihysics and chemistry at high

school and physics, computer science and engirggatinniversity. Furthermore, her
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description of people who work in these areas walsiguous, partially gender-biased,
and deferential, which further confirmed and refecher uneasiness in these areas.
Similarly, Amy’s apprehension about what she referto as “the so-called harder
sciences” was confirmed by her assertion that slkremiked math, did not take any
physics courses in high school, and she was ntd#icavhether female students have the
same abilities to learn physics as male studemshbwever, mentioned that she
believed no gender differences in students’ cogmibilities exist. Amy’s science
anxiety derived most likely from her own experiemae primary and secondary schools
where she felt “a little intimidated” by sciencegrade 9 and thought in grade 13 that her
biology class was “absolute horrid”. Although rner interviewees described their
science high school experiences as explicitly negdtt may be safe to conclude that all
participants were more or less influenced by thelrefs about mathematics and science
resulting from their own school experiences as lesd by Stuart and Thurlow (2000).
The two examples from this study indicate thataeher's negative attitude
toward mathematics or science that is rooted ifhisehigh school experiences does not
change with expertise in S&T teaching, as in Amgdse. Amy, who was afraid of
mathematics and science as a high school studentydt recovered from her negative
experiences, and consequently, demonstrated suttvey as well as in the interview, an
overall negative attitude to S&T teaching. Liz,tbe other hand, has not been able to
fully shake off her ambiguous feelings about S&Acteng. However, the fact that she
consciously rated her attitude more positive thamyAould be interpreted as a sign of
change with time. Liz has been teaching S&T foy@ars while Amy has been a S&T

teacher for only three years.
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What does this apprehension toward hard scienaemathematics entail? Does
science anxiety even if it is on a small, subcanseievel, impact one’s S&T teaching?
Results from the qualitative data suggest thateayabout the subject does influence the
way teachers teach S& T. The interviews with séeneale teachers indicate that a
teacher with science anxiety is inclined to shoftus to strands and topics they feel more
comfortable with; furthermore, they may teach abxgtscientific subjects, especially

those they feel uneasy about, with hesitation.

(b) Survey data indicate that there exist sigaiitcdifferences between teachers who
obtained a bachelor’s degree in science (BSc) lamgktwho did not. Accordingly,
teachers with a BSc were more confident in theif $&aching than their counterparts
without a BSc. This confidence possibly resultsrfiteachers’ belief that they are
adequately trained to teach S&T and that theirllef/ecientific and technological
knowledge is so high that they would consider thedues experts in this area. This
confidence is rooted in the teachers’secondarnseieducation and background
acquired through tertiary education in science.

The overall outcome of no difference between teesctvth BSc and teachers
without Bsc as well as the significant positiveretation found between the variable
‘belief in adequate training’ and the variable ‘idance in expertise’ is confirmed
through the qualitative data. While all interviegesaid that they are confident or very
confident in teaching S&T, survey data indicatd thhas also been found that those
interviewees who rated their confidence and coméwel highest in S& T teaching also
had the highest degree of education in S&T (BSkaking some university courses in the

sciences) as well as substantial S&T teaching éxpers. The confidence/comfort level
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of the interviewees without a BSc or other addgicstience training was in most cases
restricted to the subjects and curriculum strahdg taught before in the lower grades
(grade 6 or below).

It is noteworthy that most grade 4 to 8 S&T teaghimthe studied school
districts is done by non-specialty teachers (compafinition of ‘specialty science
teacher on p. 6). That is, all S&T teaching isddy non-specialty teachers at one third
of the 42 elementary schools that provided addafiamformation regarding the number
of specialty teachers at their school. The otiwerthirds of those schools have one or
more S&T specialty teachers, who constitute betvd®rand 55% of the staff of each
school. That implies that a substantial percentd@&T teaching in grades 7 and 8 is
done by teachers who lack science-specific backgt@and who, consequently, might
not feel as comfortable in teaching this subjedeashers with substantial science
background.

Two aspects concerning educators’ teaching expaagewere quantitatively
examined to study the relationship between teathtitsides toward S&T teaching and
their level of experience: the duration of teachexgerience the participants gained in
general, and the duration of teaching experiefwegarticipants had in the S&T
classroom.

The guantitative data failed to reject the hypathdsat the years of teaching
experiences have a measurable impact on the aititine¢y adopt toward S&T teaching.
This is based on the independent samples t-tesshioaved no significant differences
between the group of teachers with science teaaxpgrience of less than five years

and those with science teaching experience of thane five years. Also, no significant
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differences was found between the group of teachighsgeneral teaching experience of
less than eight years and the group of teachehsmaire than eight years of general
teaching experience. One explanation for thisamute could be that the chosen cut-off
times (medians) were not meaningful for the exationaof the assumed relationship
between teachers’ attitude toward S&T teachingthed teaching experiences since
elementary school teachers most likely feel comafde with their teaching after a shorter
period of time than eight years of general or frears of S&T teaching.

This quantitative finding is in part confirmed byalitative data. The interviews
revealed that two out of four teachers with yedIS&T teaching experiences that are
below the medians (between two and four years) ertremely confident while the
other two teachers had the least confidence im 8&T teaching. Similarly in regards to
general teaching - two out of three teachers witlnlmers of years of general teaching
experiences below the medians (between three amg/éars) were extremely confident
in their teaching. The qualitative findings reashthat five out of six teachers with
extensive teaching experiences (more than fivesygl&T and eight years of general
teaching) were very confident in their teachinde3e outcomes, although somehow
similar to those of other studies that have fourad the duration of teaching experience
is positively correlated to an educator’s confidetevel (Liu & Ramsey, 2008), show
that it is difficult to determine the number of yeaf teaching needed for a teacher to
feel confident and comfortable with teaching aaiersubject. Nonetheless, Liu and
Ramsey (2008) pointed out that: “As teachers garenexperience in teaching, they
become more confident in dealing with students@arénts” (p. 1182). Liu and

Ramsey’s (2008) research as well as this studyesiglyat confidence gain is a gradual
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process that not only depends on the time spéheiclassroom (quantity) but the kind
and extent (quality) of the teaching experiencdaiobd by a teacher. The ‘quality’ of a
teacher’s experience could be seen in, for exarntipbeway the interviewees identified
what makes teaching S&T enjoyable for them. Saraeliers expressed the great joy
they experience when students get really excitedidiearning new things in the S&T
classroom or the deep satisfaction teachers atfaem they find a good way to explain
difficult scientific concepts to students. A teack confidence/comfort level, and with
that her/his attitude to S&T teaching, therefonereéases with her/his enjoyment of
teaching, which oftentimes, is related to the stisléhey teach. On the other hand,
negative experiences with students and parentsistrétions about insufficient resources
as described by a couple of interviewees, led tratree attitudes toward S&T teaching
and to dissatisfaction with the job, generally.

The last variable used to quantitatively invesegahether teachers’ attitudes
toward S&T teaching are related to their backgrokmolwledge is the educators’ interest
in, or degree of knowledge of novel issues in S&he quantitative data revealed a
significant positive correlation between the s@téudes to S&T teachingnd the scale
knowledge of S&T issue$-urthermore, it was calculated that around 44qu@ of the
variation of attitudes toward S&T teaching amoragteers in this sample can be
explained by their knowledge of or interest in Idy&T issues. Those survey
respondents that ranked their level of knowledgeeitain S&T areas such as
environmental issues, space exploration, or nahatdogy high, tend to show more
positive attitudes toward S&T teaching than thded tated their level of information

low. This finding supports what one might expeote teachers that are interested in
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novel scientific issues discussed in the mediararst likely to be enthusiastic about
discussing them in their S&T classrooms. The nedspthis could be manifold: it

might be because the teacher is simply interestéuki topic; recent information about
the topic is widely available and easily accessiatel, as some interviewees pointed out,
it may be because students are more interestegicstthey heard about at home and
which can be linked to their everyday life.

Overall, the assumption that more teaching expeeiéeads to more confidence
in the subject taught and an enhanced overallgtbfaction as indicated by some
researchers (Hean & Garrett, 2001; Liu & Ramse982@embylas & Papanastasiou,
2006) was neither confirmed nor denied by the figdiof this study. Data from this
study indicate that the quality of one’s teachirgezience is of greater importance than

its duration, which has an impact on teacherduatéis toward S&T teaching.

2. In which way are teachers’ attitudes toward S&dching influenced by their
perceptions and expectations of students’ attitbal&& T learning, their perceptions
of gender differences in students’ attitudes, aé agetheir beliefs about scientists and
S&T?

The guantitative findings suggest that teachers péroeive their students’
attitudes in the S&T classroom as positive andgieecno gender differences in
students’ attitudes toward S&T learning tend toehaw prejudices about scientists or
S&T. This outcome is based on the existence od @ynificant positive correlation
between teachers’ perceptions of students’ att#tiolard S&T learning and their

perceptions of gender differences in studentgualtis toward S&T learning; (b) a
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significant positive correlation between teachees’ceptions of students’ attitudes
toward S&T learning and their beliefs about sc&stand S&T; and (c) a significant
positive correlation between teachers’ perceptafrgender differences in students’
attitudes toward S&T learning and their beliefs #srientists and S&T. The
guantitative findings further suggest that teacher® have positive attitudes toward
S&T teaching perceive their students’ attitudeS&3 learning as positive as well, while
teachers’ attitudes toward S&T teaching are seemimgjther related to their perceptions
of gender differences in students’ attitudes towa&d learning nor to their beliefs about
scientists and S&T. This outcome is based on xistence of (d) a significant positive
correlation between teachers’ attitudes toward $&ching and their perceptions of
students’ attitudes toward S&T learning; (e) nogigant correlation between teachers’
attitudes toward S&T teaching and their perceptmingender differences in students’
attitudes to S&T learning; and (f) no significaotrelation between teachers’ attitudes
toward S&T teaching and their beliefs about sc&satand S&T.

Additionally, the outcomes of the multiple regressanalysis of the dependent
variable,perceptions of gender differences in studentstuatéis with the combined
variable,beliefs about scientists and S&T/perceptions alestis’ attitudes toward S&T
learning, put the assumption forward to consideration these variables are all related
to teachers’ attitudes to S&T teaching. The redsothis assumption is that significant
correlations between the combined variable andafitbe three individual variables
mentioned above were found.

The analysis of the qualitative data partially ¢gonéd the quantitative findings.

That is, the existence of the four aforementionesitjve correlations was substantiated
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by interview data; the non-existence of a sigatfiicrelationship between teachers’
attitudes toward S&T teaching and their perceptmingender differences in students’
attitudes or between their attitudes and theiretelbout scientists and S&T was not
confirmed by interview data. The qualitative datagontrast to the quantitative data,
suggest the existence of an important relationsbtpeen teachers’ attitudes toward
S&T teaching and their perceptions of both gendéerénces in students’ attitudes to
S&T learning as well as their beliefs about scestand S&T.

Aspects regarding teachers’ attitudes toward S&theng and their perceptions
of students’ attitudes as well as gender differengestudents’ attitudes to S&T learning
will be discussed first (a) and aspects regardeaghers’ attitudes toward S&T teaching
and their beliefs about scientists and S&T willdiecussed second (b).

(a) Teachers’ attitudes and their perceptionsuafastts’ attitudes

Quantitative data suggest that the more positiaehters’ attitudes to S&T
teaching are the more positive are their perceptiodrstudents’ attitudes to S&T
learning. That is, a teacher who is confidentogsjand feels comfortable with teaching
S&T believes that her/his students are interesteda topics s/he covers, have no
problems in understanding S&T, think scientificaliyjoy her/his class, and do not think
that S&T is boring.

The comparison of individual variables of both #tttudinal scale and the
student perception scale suggest that the inteegswenerally enjoy teaching S&T and
that they are very confident in it. This can bersom the high scores given for
statements that focus on students understandinwaitf the teacher explains in the S&T

class, for example. Atthe same time, their scoregher variables suggest that they
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perceive students’ learning of S&T as low, whickras to be contradictory. A possible
explanation could be that the interviewees do aetadiametrical connection between
their teaching of S&T and students’ understandihigy evhich was somewhat confirmed
by the qualitative data. For instance, all intewees mentioned at some point during the
interviews other reasons than the way they teachtémlents’ difficulties with the
content. At the same time, the statements of te@ehers suggest that they see a
connection between teaching and learning, onlyttieyt do not refer students’ ‘tuning
out’ during class to themselves. These teachéesanf as an explanation for students’
learning difficulties that students are intimidatgdor scared of S&T because of
previous experiences with other S&T teachers witbdwerly high expectations or other
personal problems. The fact that two of thoseettheachers had a very positive attitude
toward S&T teaching in general further suggeststdechers’ attitudes may be
negatively related to their perceptions of studamtgerstanding of S&T concepts.
Qualitatively it was found that interviewees idéietl students’ behaviour directly
or indirectly as the primary factor associated whtbir feelings toward S&T teaching.
While a few teachers expressed frustration aboulesits’ apprehension or unwillingness
to learn S&T, most of them articulated their enj@nmnbased on the positive attitudes of
students and the constructive and inspiring interas teachers had with students in the
S&T classroom. The positive relationship of bothiables can be demonstrated with the
statement of one of the interviewees that exeneglifihe opinion of most participants: “If
they love it, then | love it.” Moreover, this statent illustrates that a teacher’s

satisfaction with her/his S&T teaching relies hgawoin the feedback they get from their
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students since it implies at the same time thatalaeher is dissatisfied with her/his
teaching when students dismiss what s/he triesrgey to them.

The findings are consistent with a phenomenonS$etiund (1995) described as
the need for teachers to obtain positive feedbeark their students in order to heighten
their own sense of professional enthusiasm. Iarotlords, teachers that experience their
students in the S&T class as motivated and intedastlearning what they teach are
more passionate about their S&T teaching as Wilis has been expressed by several
teachers during the interviews. Zoe, for exampié: Sawould definitely choose to teach
science as one of my top subjects because | faesthidents can get really excited about
learning it.” On the other hand, educators thabenter negative attitudes toward S&T
learning in their students feel discouraged onjdbeby their students’ lack of motivation
(Stenlund, 1995). Ray, for instance, who reve#iastration on the job during the
interview, openly said that the majority of studehave a negative attitude toward S&T.
He exemplified this by explaining in a cynical tahat “kids have a negative story in
their head about [for instance] math” and that thieyit themselves” by tuning out
during the lesson, not doing the homework, notraskjuestions in class, not seeking
extra help, not studying and preparing for testb@uizzes, and, consequently, failing.

Hargraeves (2000) found in a more recent studytdaathers gain psychic and
emotional rewards from exceptional breakthroughh widividual students and from
positive feedback from individual students as wvaslwhole class groups. This
phenomenon has been described by several studgipants as well — even by those
who were not overly satisfied in their job suchRasy/: “I mean science competitions this

year — | don’t know who had more fun, me or theskigbu know? | like it - its fun.”
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Hargraeves (2000) interpreted his findings as ditation of strong emotional
understanding between teachers and students tbaittisularly distinct in elementary
classrooms. Such a strong emotional bond wasxpdicely mentioned by the
interviewees since the quality of the teacher-studsationship was not discussed.
Nevertheless, qualitative data suggest stronglyrttust of the elementary teachers who
participated in the study cared profoundly for trstudents. Moreover, from the way
several interviewees described their ‘teachinggsaphy’, their approach to S&T
teaching, it became apparent that the majoritgathers understand their job as
primarily to be of assistance to students, to spgaek curiosity, to make learning S&T
fun for them, and to help them comprehend notthustcontent but to learn about the
importance of S&T for their lives and the world anol them. To help students grasping
the overall importance of S&T, it is nonetheleascal to focus on the teaching of
scientific concepts as highlighted by few intervé®ms. However, main finding lends
support to Skilbeck’s (2007) suggestion that meathers understand their job as
primarily to be of service to students and thaytfied greatest satisfaction in
contributing to the growth and development of aleid Therefore, it can be assumed
that a teacher who cannot fulfill her/his objectofehelping students to grow in the
cognitive as well as affective domain because draeived indifference or
unwillingness of students to learn, might be disfiad with her/his teaching and develop
a rather negative attitude to it. This can be sgd¢he survey responses of teachers such
as Ray or Katy, who rated their perceptions of estiis! attitude toward S&T learning
relatively negative (lowest and second lowest sobidl interviewees) and whose

attitude toward S&T teaching was in the lower ludiifhe attitude scale. However, a few
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interviewees rated their attitude to S&T teachimgdr than Ray and Katy but seemed to
be less dissatisfied with their students’ perforognsince they rated their attitude to
S&T learning slightly higher than Ray and Katy.islhoteworthy that most interviewees,
although they rated their own as well as their stst attitude to S&T relatively
negative, did not — or at least not openly — expthsir dissatisfaction with the job or the
students during the interview. Katy, for instanep gave the impression that she
enjoys teaching S&T by stating that she has alveaysyed science and that she has
always known that she will be a teacher, also saWedhotion that her students enjoy
learning S&T while mentioning that a lot of them mlat show any interest in S&T or
‘zoom out’ during class. Katy seemed to have nsahdar frustrating experiences in the
S&T classroom as Ray and, therefore, rated studattitside to learning and her own
attitude to teaching S&T as low as Ray. The faat Katy, in contrast to her colleague,
talked about positive experiences with studentswoader extent and in a different way
than Ray, shows that a difference in their per$pestprevails. While Ray seemed to be
disillusioned since he believed that he lost thildagainst students’ (and parents)
ignorance, Katy apparently remained somewhat ogtioishe feels confident that she
does a good job as S&T teacher since she has béetoaspark interest in even those
students that were apprehensive about S&T initially

The aforementioned interpretations of the assaridietween teachers’ attitudes
and their perceptions of students’ attitudes asethan the assumption that teachers’
perceptions reflect teachers’ observations in €& 8assroom. This assumption could
be incorrect if teachers’ perceptions do not miwbat actually happened in the

classroom, which is likely — at least to a certdégree — since observations are normally
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subjective, meaning what one sees is influencethéynterpretation of what one knows
(Tobin, Briscoe, & Holman, 1990). One reason fos belief that results in
misconception could be denial caused by, for exapthe unconscious attempt to
prevent discouragement on the job or disappointoestudents. An example for the
possible discrepancy between a teacher’s percegtithre classroom environment and
the interactions that in fact happen in the clamsres described by She and Fisher
(2002). In their study, the researchers obsemwedéachers in their science classrooms
and compared their observations of the teachet&\beur with the teachers’ self-
perceptions as well as the students’ perceptiotiseofeachers’ behaviour that had been
surveyed beforehand. She and Fisher (2002) red/dfadé the perceptions of certain
behavioural patterns of one of the studied teackers very similar to teachers’ self-
perceptions as well as students’ perceptions ofgheher’s behaviour but were deviant
in the case of the other teacher. It turned catttiine latter teacher had interactions with
primarily ten students, which is considerably s half of the class, without noticing
that she communicated with the rest of the clabstantially less.

Following Hargraeves’ (2000) and Stenlund’s (199%ggestion that teachers
seek emotional reward and positive feedback fragir gtudents to avoid discouragement
on the job, it can be assumed that most participaae strategies in place that allow to
enter the S&T classroom anew everyday with a p@sdtititude. As this research
revealed, the strategy chosen by most of the iile@ees was to make or keep their
students interested and happy by reducing the anodwsedentary, academic work, such

as reading and writing, and increasing the amofiatiive, exploratory work such as
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hands-on activities, which will be discussed in endetail below in regards to teacher’s
perceptions of gender differences in studentsuak.

The analysis suggest that teachers do not relgttine perceptions of students’
attitudes to their own behaviours or attitudesgletis who are apparently not interested
in a topic or class unit, who are bored or dismissittain such an attitude because of
other, mainly individual reasons. Those individiggdsons or personal constrains are due
to anxiety caused by previous negative experiemisthe subject, social problems in
the family or with peers, hormonal shifts, and hegdpectations caused by
overstimulation by other sources. Therefore, sparéicipants thought that student’s
negative attitude toward S&T learning cannot - ioilydo a very limited degree - be
changed by the educator. However, most intervisweentioned ‘success cases’,
meaning they spoke of an attitude shift in stud&ots negative to positive, which they
inadvertently attributed to their teaching, but eaf them mentioned at any time during
the interview a shift from positive to negativehig may be due to the teachers’
abovementioned longing for positive feedback thatdcessary to avoid discouragement
and keep them motivated on the job. Another reasaoid be that the participants, albeit
confidentiality was assured, were rather conceaienit being evaluated and judged on
their job, probably because they are used to frepeaching evaluations.

The guantitative outcome of no bivariate relatiopsietween teachers’ attitudes
to S&T teaching and their perceptions of genddedihces in students’ attitudes to S&T
learning were confirmed by qualitative findingsartcipants’ perceptions of gender
differences in students’ attitudes were seeminghelated to their own attitude. That is,

interviewees with an overall positive attitude whewsy much enjoy and feel comfortable
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teaching S&T and interviewees who would ratherhemwother subject perceived gender
differences in students’ attitudes in a very similay. In contrast, interviewees’
perceptions of gender differences in studentsual#is may vary substantially in teachers
who otherwise demonstrate a very similar attitld8&T teaching. For instance, Joan’s
perception contrasted with Liz’'s, who perceivedide gender differences particularly

in students’ interest in S&T, while their attitudesre the same or very similar based on
the quantitative and qualitative data respectivéin. explanation for this occurrence may
be that participants’ perceptions of girls and bioythe S&T classroom were based on
students’ gender-related attitudes and behavibatstere mostly unrelated to teachers’
attitudes. That is, most teachers had very sirageriences with the majority of female
and male students due to similarities in girls’ @ogs’ attitudes and behaviours. Those
attitudes and behaviours are normally rooted innthg the students grew up (nurture)
and in their physiology (nature), which is ofteralngous among children of the same
sex in a given cultural and social environmentn&amuently, teachers’ experiences with
female and male students of different social/caltbackgrounds or different biological
traits may be dissimilar. Since a discussion iédeénces in students based on ‘nurture’
would exceed the scope of this research, onlyrtature’ aspect will be analyzed,
ignoring the fact that both ‘nurture’ and ‘natuca/erlap.

One reason why teachers’ perceived different +4oilar — attitudes toward S&T
learning in girls and boys might have been thatcthren they taught differed in their
developmental stage, which is primarily age- anuseguently grade-related. For
instance, while Liz has taught young children addl@scents up to grade 8, Joan has

only worked in the S&T classroom with student ugtade 6. That is, Liz, more than
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her colleague Joan, most likely attended to sted@npuberty. This is a critical
developmental phase since it is then when younglpewmrmally undergo biological
processes that result in physical and psychologitahges that substantially differ
between females and males. Moreover, these ydudgris perceive expected gender
roles more pronounced and pressing when enteribgrputhan before this change,
which not only affects girls and boys differentlytimight result in attitudinal gender
differences regarding school. Catsambis (1995)in&tance, described a gender gap in
students’ attitude toward S&T learning with mordgthan boys disliking S&T that
appears in middle school. Similarly, Kotte (1992)o reported that the sharpest increase
in gender differences in students’ attitudes tovamidnce takes place between the ages
of 10 and 14 years. Given these findings, it camagsumed that participants of this study
perceived similar gender differences in their stuslsince they were in the age range of
approximately 9 and 14 years. Since the primarpg@se of the study was to investigate
teachers’ attitudes toward the teaching of S&T amig secondary their perceptions of
students, it is not possible to make an informexgbpsition about when gender
differences in students’ attitudes occur basechmfindings. It is, however, possible to
hypothesize about the occurrence of gender diftm®based on the analyses of the
guantitative and qualitative data.

Quantitative findings suggest that most participaygnerally perceived female
and male students’ attitudes toward S&T as somewdpadl and thought that girls’ and
boys’ motivation to learn S&T was even more alikighest average score). However,
given that all mean scores of the gender scalbetmeeen ‘neither agree nor disagree’

and ‘somewhat agree’, and that range and variafigrarticipants’ ratings were rather
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wide, it becomes evident that some participantst iledy have perceived gender
differences in students’ attitudes toward S&T |l@agn Noteworthy is that participants
overall believed that girls’ and boys’ attitudes amore alike in the affective domain than
in the cognitive domain, meaning if they observey gender differences then in the
degree students comprehend S&T. This stands imagirio the mean ratings of the
interviewees who on average thought that the lefseimilarity between girls’ and boys’
attitudes is very much the same in the affective@as the cognitive domain. This was
particularly demonstrated by Mary and Tom who gaNeariables the same score, with
the difference that Tom neither disagreed nor ajesel Mary somewhat agreed with the
assumption that both genders attain the samedssitin the presented aspects. The fact
that they did not differentiate at all between vaeables in this scale may be an
indication for their unambiguous opinion based wpegience. It could also mean,
however, that they were unaware of or impercepbvgender differences in students’
attitudes.

Quantitative data further showed that other intamges did perceive gender
differences in one of the domains but not the otlikaty, for instance, stated that girls
and boys attain more or less the same attitudesrtb@&T in regard to their enthusiasm
but not in their cognitive abilities. Contrarily Katy’s were Ray’s responses since he
stated perceiving distinct gender differences basestudents’ attitudes in the affective
domain but not in the cognitive sphere. An explmecould be that girls’ and boys’
engagement in Katy’s S&T classes was mainly idahtidile it was predominantly
dissimilar in Ray’s classes, and vice versa regagrdiudents’ degree of understanding of

scientific concepts. It is important, howeverrégmmember that, with the exception of
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one, all mean score ratings of this scale lay betvibe statements ‘neither disagree nor
agree’ and ‘somewhat agree’, which means theresliglat tendency in the studied
population to think that there are no gender défifies neither in the variables that
belong to the affective domain (e.g., motivatione@arn S&T) or those belonging to the
cognitive domain (e.g., understanding of scientbacepts).

Nonetheless, the analysis of the qualitative deganding teachers’ perceptions of
gender differences in students’ attitudes did nbstantiate the quantitative findings. In
contrast, the interview data suggest that the ppaints perceived gender differences in
students’ attitudes to S&T. Although all interviees highlighted the fact that exceptions
occur and that it is very difficult to decipher Wwetn groups of girls and boys since
differences between classes, grades, and indiga@ualmore salient than between
genders, they all described in one way or anottiarences between female and male
students they seemingly observed in their S&T elgasdn eight out of ten cases, the
interviewees cited different approaches of girld bays to S&T learning and learning in
general that reflect commonly held stereotype®pnfdles and males. That is, most girls
prefer sedentary tasks in comparison to boys whfephands-on activities, are more
diligent, more passive, more attentive, more castionore reflective, and less
kinaesthetic than boys. The question that deffinas this outcome is ‘does it impact
teachers’ attitudes toward S&T teaching if theycpare girls’ attitudes toward S&T
learning differently from boys’ attitudes?’ Furthedoes it make a difference whether
these gender differences are in the affective gnitiwe domain? A closer look at the
gualitative data from the teachers mentioned alnaght help finding an answer to these

guestions. In their interviews, Katy and Ray ddsamliboth female and male students’
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behaviour in the classroom as well as their peréoe as different but gender
differences in students’ motivation, or the affeetdomain in general, seemed to affect
their own attitudes more. An explanation for fiiienomenon could be that they are
more concerned about some girls’ lower intereganning S&T since they know how
important this subject is for a child’s professibfusure, which is still bleaker for
females than for males in the scientific and tetbgjioal field. Moreover, the teachers
might be disappointed that they are not able tavate more or all girls to learn S&T.
This disappointment along with their own attitudebviously, as discussed previously,
slightly different between Katy and Ray, which pably has to do with divergent
experiences and expectations. Katy seemed tasbdrlestrated about girls who do not
participate in the S&T classroom than Ray sincelsfieves that girls, like herself, may
nonetheless excel in that area or related fieldb as S&T teaching. Katy’s expectations
for girls, though still high, also seem to be lowlean her colleague’s in regards to girls’
engagement in class since she does not assoandtk disinterest or lack of
understanding. This, again, is apparently roateukeir own experiences as student since
she, like most girls, used to be rather quiet assland would only participate or pose a
guestion if nobody else did it. Ray does not sliaigeoptimism since his personal
experiences with female relatives and friends iedtb the conclusion that girls do not
live up to their potential and miss out on prospercareers. Ray, in contrast to Katy,
seems to believe that female and male studentsdianiar approaches to learning in
general, which means a girl that does not engateeis&T classroom is not interested
in the subject and, consequently has difficulteeariderstand it. This, to him, is only a

matter of will, not capability, which could be cected if students’ social surroundings
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allow it, meaning if parents and peers are supgartAs a consequence, both teachers
are somewhat frustrated with their teaching dubeaattitudes some female students
attain but Katy’s attitude to S&T teaching is leggjative than Ray’s because she
believes that she reaches more or less all giti®se that do not participate orally in
class included.

Although most interviewees stated that girls angslare similarly strong in their
academic performance, the descriptions that weemegarding gender differences in
students’ abilities suggest that their attitudegai@ female and male students differ due
to divergent experiences with and expectation®dys’ achievements. The examples
that were given by some of the interviewees sugestmore often, teachers expect
more female than male students to have strongguéage skills and to be the better
performing students in assignments that includdinggand writing. On the other hand,
more often, teachers expect male students to pedoally and manually better than
female students. Overall, analysis suggest theases where teachers perceived gender
differences, it was more often that they descritedfemales as the academically
stronger, diligent, high achieving students and tihey believed more males belonged to
the group of low achieving students. This outcamefirms Jones (2005) assumption
that many school teachers still, after 30 yearmdediate in the UK, perceive males as the
lower or under achieving students. The authoh&rexplains that these perceptions are
largely based on teachers’ beliefs and preconagptabout the underachieving boy along
with the high achieving girl and only partially le@son observations. Moreover, her
study revealed that teachers have a rather cle@epb of the underachieving male

student but not of the underachieving female studed that this relates to
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underachievement to disruptive, immature, and wrged behaviour — attributes that are
more often related to male students than to festalgents (Jones, 2005).

However, although the majority of interviewees géred boys as not performing
as well in reading and writing tasks as girls aaglsome teachers expressed, not as well
as most girls academically in general, that didse@m to overly concern the teachers
that participated in this study. One explanationld be that most of the grade 4 to 8
teachers in this study believe that boys will seccm those areas nonetheless. Another
equally plausible explanation for teachers’ lackaficern could be that they do not
consider reading and writing tasks as crucial ®T $earning as active participation in
class because they may believe that an inquirydha&sgloratory approach is more
important in S&T. This approach, which is oftefilated with a higher degree of
interest and a greater willingness to take riskaccording to the majority of
interviewees preferred by boys. This perceptianades with the descriptions of male
students given by some participants, which is segipibased on observations as well as
their beliefs and probable stereotypes. This figdends support to Walkerdine’s (1989)
characterization of teachers’ perception of maleents. According to her, boys are
perceived as challenging, risk taking and disruptivhich is seen to imply an inquiring,
guestioning mind (Walkerdine, 1989). However, beas’ perceptions or expectations of
boys’ ‘bad’ behaviour do not necessarily imply thiay attain a negative attitude toward
boys. This finding suggests that some teacheesata boys’ ‘bad’ behaviour with the
explanation that it is hard or impossible to chabggs’ behaviour. According to Jones

(2005), “the ‘Boys will be Boys’ discourse refecsd tolerance concerning the nature of
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boys, which is viewed as inevitably involving agsg®n, fighting, competition and
delayed maturity” (p. 271).

The supposition that teachers’ expectations fatesits as well as their beliefs
that are based on personal experiences may plalg anrtheir attitudes toward S&T
teaching can further be explained using Mike’s epd@m This teacher had high
performance expectations for his students in géa@chgirls in particular that were only
met by very few students, which apparently frustldtim. This frustration may be due
to his experiences in his own class but were segynaiso guided by his conviction that
females ought to get a good education. This opinan be ascribed to his beliefs that
are partially based on personal experiences, siynilathose that have been described in
Ray’s case. For instance, when discussing theecpiences of female students’ lack of
self-esteem, Mike drew a parallel to his two daaghby saying that he and his wife,
who is also a teacher, has very high academic éxfpaas for them, which is apparently
guided by his supposition of what knowledge is lbeshis children.

The outcome that teachers hold different expectatior girls and boys has also
been suggested by others (Becker, 1981; Jones).28@6ker (1981) who studied the
underlying reasons for gender differences in teash&lent interactions further proposes
that teachers treat their students differently dasethese divergent expectations. The
same assumption may be made for this study simcmthrviews revealed that some
participants not only have different expectatiomsfémale and male students but treat
them differently in the S&T classroom. This phemmon is most likely based on gender

bias that came to the fore in some of the intersiew
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This study did not include direct observations thatild have provided us with
data that could explain the interactions betweanlters and students in the S&T
classroom. However, research based on observatidicates the occurrence of two-
way interactions between teacher and studentjghegacher behaviour is directly related
to student behaviour and vice versa (Jones & Weeatl990). Based on sex differences
found for variables such as student-initiated ext@ons, praise, and warnings, Jones and
Wheatley’s (1990) study further proposes that sitgldrive the behaviour of the teacher
rather than the other way around. It has also baggested that students respond
differentially in class in accordance with the sele expectations of their teachers and
society (Becker, 1981; Jones & Wheatley, 1990).rédwuer, a significant positive
relationship between teachers’ behaviour and festalgents’ attitudes (Cavallo &
Laubach, 2001; Jones & Wheatley, 1990; Ware & 1888) as well as teachers’
attitudes and students’ attitudes toward S&T leagmin general has been found (Osborne
et al, 2003).

Based on the aforementioned research as well apitiditative and qualitative
findings, it can be assumed that teachers, whasgegespecific expectations for students
as well as their expectations for students in gdrage not met, attain a more negative
attitude toward S&T teaching than teachers whopee&tations are met. Furthermore,
the analyses indicate that teachers’ negativaidé may have an impact on students’
attitudes to S&T learning in general as well asdbnstudents’ attitudes in particular and
vice versa.

As a last point in the analysis of the correlati@tween teachers’ attitudes and

their perceptions of gender differences in studexttisudes, one other major factor that
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could influence teachers’ perceptions will be dsscuack of awareness. That is, the
findings suggest that some participants responuszhsistently to questions and
statements that involved gender issues becauseviéreynot aware of their gender biases
or felt uneasy because of ambiguity. For instaajbstantial number of interviewees,
even when talking about different learning apprescdf students that they associated
with a certain sex, did initially not mention difmces in female and male students’
attitudes. However, the fact that most participamtlingly talked about possible gender
biases and the possibility of unequal treatmer¢wiale and male students after probing
suggests that they became aware of their supposiéind stereotypes and started to
scrutinize their attitudes toward S&T teaching wider extent than at the beginning of
the study.

(b) Teachers’ attitudes and their beliefs abowr#ts and S&T

Based on the assumption that some of the previalistyssed variables that
probably influence teachers’ attitudes and theic@gtions of students’ attitudes may
also impact teachers’ beliefs about scientistssmiehce as well as the degree of their
awareness of biases will be discussed. In theviatlg analysis, focus will be laid on the
gender aspect of the proposed association betwaehdrs’ perceptions of scientists and
of students since teachers’ perceptions of genifferehces in students’ attitudes to S&T
learning are linked to their perceptions of studentgeneral, as elucidated in the
previous section. The question how these two klesaimpact teachers’ attitudes toward
S&T teaching will be discussed in the last parthig discussion section.

Given that quantitative analyses highlight assamatrather than directionality

between the variables, no conclusions about theesaior teachers’ perceptions of
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scientists are being drawn. Therefore, focus béllaid on the qualitative findings about
these perceptions in order so seek an explanairahd detected outcomes.

The analysis of the quantitative data gathered fiteerscale that measured
teachers’ beliefs about scientists and their vialut S&T revealed similar results in the
overall sample as well as the interviewee subsampthe fact that the interviewees
agreed slightly more on average with the statemarttss scale than the participants
overall, and considerably more with the two stateimeeferring to gender issues in S&T,
suggests that their opinion about scientists ireggrand female scientists in particular is
more well-rounded than those of the sample popriati general. The mean score value
for this scale indicates that the studied teacbpufation attained an overall positive
attitude toward scientists and S&T. This attitisleeemingly based on their knowledge
about the nature of the intellectual and social/aits of the scientist, the nature and
aims of science, and the interactions of S&T araiesp. While a majority of both the
study population and the interviewees appear tiewektrongly that S&T serves the
environment and the world population well (bothreso4.9 out of 5), a difference in the
mean scores for one of the two gender-relatedmstatis occurred. The interviewees
fully and unanimously agreed with the statementfiMaed women are equally suitable to
become scientists and engineers” in comparisongmverall study population that rated
this statement a little lower (5 and 4.6, respetyiy This outcome proposes that all
interviewees and a substantial number of all spatyicipants strongly believe that no
biological sex differences exist that disadvant&geale students over male students in

regards to S&T learning.
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Interview data confirmed this proposition to a aartextent. All interviewees
articulated the view that female students are &stalbhecome scientists as male students.
Some of them further substantiated their view byl&ring that they do not believe in
innate sex-related traits such as the ‘male matle’gbat supposedly gives men a
biological advantage over women in S&T. Howevedrijlerithere seemed to be no
disagreement on the ‘nature’ aspect of gender aiitids, the findings from the
interviews suggest that some participants wererntaiceabout existing ‘nurture’
differences between genders that might put womemianfavourable position over men
in scientific and technological fields. An expléina for this phenomenon could be that
some teachers were not familiar with the ‘naturgume’ debate and social
Constructionism, which is probably due to a ratihaeritical approach to gender related
societal issues. This uncritical gender state dedmave been common with those
interviewees who were 30 years of age and younggthad undergone teachers’ training
in recent years (roughly from 2005-2009).

The need to help young elementary teachers to bhigig beliefs to a conscious
level has been described by Stuart and Thurlow@Ra®o found that pre-service
teachers often bring with them long-held beliefd prejudices that may drive their
classroom practices. Although Stuart and ThurlgiB@00) study focused on pre-service
teachers’ beliefs about teaching and learning sei@md mathematics, their findings can
be expanded to teachers’ beliefs concerning thibatits and personal motivations of a
scientist since the image teachers have of a &fi@frnost certainly guide their approach
to S&T teaching as well. Data from this study segjgfor example, that most teachers

chose a hands-on teaching approach because theyebtlat most scientists do a lot of
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experimental work with their hands, and, as oné@pant put it, they ought to “get
down and dirty and right into it”. According tausly participants, those scientists that
run their own research group and, therefore, spewst of their time reading and writing
grant applications and scholarly publication arpapntly no ‘true’ scientists.

Research suggests that the majority of scienceagohgcof all grades have
inadequate and erroneous conceptions of scienst¥ (Carter, Stubbs, & Berenson,
1996; McDuffie, 2001; Rampal, 1992) and that tipeirceptions of scientists are often
synonymous with the stereotypical image of a whitde in a lab coat (Chambers, 1983;
Mead & Métraux, 1957; Thomas & Hairston, 2003).e ®bovementioned suggestions
from the literature were to some extent confirmgdhis research. Although 9 out of 10
interviewees believed that their image of the d@érs gender-neutral and that the
gender of a scientist is irrelevant to their warlgst of them drew picture of a scientist
that was clearly male. Only after probing did theglize that their image of a ‘true’
scientist is closer to the common stereotype ofith&e scientist than they had previously
thought. This representation could be explainethbyfact that most of the interviewees,
regardless of their age and years of experiences eanvinced that they had overcome
their gender-biased preconceptions which, as ttagd; are fairly common to society
and students. It is, however, an interesting phemmn that a couple of interviewees
who were well aware of the rampant stereotype @fttientist as male did not link this
knowledge to their own beliefs and insisted thatdge does not matter in the scientific
world. A possible reason for this disconnectionldde that the idea of the nature of
science and scientists as well as the philosoplsgiefhce they adopted is so deeply

engrained that it is very difficult for them to fape it. A similar conclusion has been
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drawn by Kahle, Anderson, and Damajanovic (19919 ¥aund in the US and Australia
that the gender-role stereotypes held by gradelbsdeachers were prevalent and
resilient. More importantly, the researchers sugtheg a similarity exist between
teachers’ beliefs about science and their gendecHsp perceptions of children's
understanding, confidence, interest, and performamscience (Kahle et al, 1991). The
perseverance and resiliency of beliefs about seiemay be due to the fact that S&T are
most significant in industrialized societies. Bartmore, the values and ideas of science
that have been carried forward from generatioretoegation cannot be changed easily
because they are one of if not the most importdlarg of society. The dominant
philosophy of science that replaced religion armuksstition in most part by reason and
knowledge is supposedly objective and gender nleuttawever, the current philosophy
of science is controversially discussed among pbpbers; several philosophers along
with feminist epistemologists think that gender slaad ought to influence conceptions
and practices of knowledge inquiry and justificatiolrherefore, science cannot be seen
as detached from gender since scientific thougéirbedded in society and its
philosophical tenets that define who produce kndgéeand how. “There is no such
thing as philosophy-free science; there is onlgrsoé whose philosophical baggage is
taken on board without examination” (Dennett, 1985.12).

A teacher’s belief about the philosophy of sciersogentists and their work, as
well as gender roles may shape and feed into Beathitudes toward S&T teaching since
an individual's attitude toward any object is, aggested by, among others, Ajzen and
Fishbein (1980), a function of the individual's ileé$ about the object and the implicit

evaluative responses related to those beliefs. b€hef that science and scientific
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knowledge is gender-neutral seems to be linketddédnet that the teaching of S&T is
gender-neutral as well. This belief has been faoradcouple of interviewees and can be
exemplified with the statement of one participahbvthought that it is of no importance
where he obtains the information he uses in his 8%Ehing or who provides it.
Moreover, this teacher seemingly did not think ihatatters whether a scientist, who
might serve as a role model for students, is maferoale.

Interview data further suggest that teachers wingt that scientific knowledge is
gender-neutral also seem to believe that the legroi S&T is unrelated to gender. That
is, those teachers who firmly believe that gendémrelevant for the teaching and
conducting of S&T do not think that gender playsaor role in S & T learning; they
stated that students of both genders are equalbtda to perform tasks that are crucial
in learning S&T. Gender similarities in the leargiapproach to S&T, however, are
seemingly not restricted to mental or physicaltag®; teachers’ statements also suggest
that a similar willingness to S&T learning exigthis willingness or motivation to learn
S&T, however, may be exhibited in different waygemale and male students, as
suggested by some interviewees, but studentdidétitto S&T learning can, so they say,
not automatically be measured in their behaviourdass. Girls might behave
differently in class but may learn as much and vieesa. This finding lends support to
Walkerdine’s (1989) proposition that teachers’ éfsliabout students’ learning potential
are informed by their beliefs about gender. Walkes (1989) further suggests that boys
are positioned as the ‘proper learner’ becausbkeif seemingly active and sometimes
disruptive behaviour in class is interpreted agevce of an active, inquiring mind.

Contrastingly, girls’ conforming diligence has bgmrceived by the teachers as implying
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rule-bound learning, rather than principled leagniwalkerdine, 1989). These
behavioural gender-related attributes apparenthg Imat changed since similar
descriptions of female and male students’ behaviene been given by participants in
this study.

However, it is important to remember that all intewees reported that gender
differences in students’ attitudes to S&T learnaxists; however, some of the
interviewees believed that these differences atwintual, that is, they are caused by
personal circumstances and traits of each indivicather than biological sex
differences. Consequently, these teachers sebmdonvinced that every student who
brings the same interest and aptitude into the 8l&3s will independent of her/his sex
succeed in S&T. Additionally, qualitative data gagt that interviewees who believe that
female students are as capable and interestedrimig S&T as male students attain a
relative positive attitude toward S&T teaching. @éxplanation for this phenomenon
could be that teachers enjoy the teaching of S&Tenifahey are convinced that gender
is not an issue in S&T. Teachers with a relatigsifive attitude also seem to believe that
girls and boys have equal abilities and, consedyesimilar interests in learning S&T,
and that women and men are equally capable arab$aitio become a scientist or
engineer. On the other hand, teachers who areeavf@render inequalities in the
scientific world as well as gender differencestirdents’ attitudes toward S&T that
might put girls in a disadvantaged position arevsegly less satisfied with their job and
attain a relative negative attitude to the teaclih§&T. Important to remember is that
these interpretations are mainly based on thevieterdata since the information

gathered from the questionnaire responses wassratraprehensive and because a
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significant association between teachers’ attitude3& T teaching and their beliefs

about scientists and S&T could not be found by medmuantitative analysis.

3. What are the implications of teachers’ attisidad perceptions for their S&T
teaching in general and for their attitudes towsitalents of different genders in
particular?
One of the most important findings of this studyhiat the disposition to reflect
on gender issues related to S&T and, consequéehéyevel of awareness of these issues
varies considerably between grade 4 to 8 teaclargher, it is assumed that teachers
who do not reflect on their attitudes toward gendézs as well as students’ gender-
related expectations, and who are not aware ofthege factors influence their S&T
teaching may choose a teaching approach that cosftor their gender-biased beliefs.
This suggested phenomenon is based on the assartipioa person’s attitude and belief
toward a certain object triggers certain behavand that the object itself is not relevant
for this mechanism. This general phenomenon tsaskaen described by Renzaglia,
Hutchins, and Lee (1997) who studied special edutétachers and found that teachers’
beliefs and attitudes drive crucial decisions dadsroom practices. Moreover, Eccles
(1987) proposes in her psycho-social theory of gemelated differences that teachers
are powerful socializers who may transmit theirdgrbiases and concerns to students.
The extent of this transmission, though, dependsseeems heavily on the educator’s
degree of reflection and awareness.
As discussed earlier, teacher-student interactoasiot one-directional; they are

characterized by the process of action and re+athiat happens constantly between
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teacher and student. These two-directional intena€ are fuelled by teachers’ and
students’ perceptions and beliefs (Jones & Wheatl@90). Although any comments on
how students perceive these interactions cannotau since this study did not include
the examination of students, the analysis of tkerwew data propose that these two-
directional interactions took place in the S&T sl@®ms of study participants as well.

Findings from this study suggest that most grate8&educators, even those who
believe that it is most important for studentsaarh and understand scientific concepts,
prefer to interact with students by conducting expental projects that include some
sort of practical work. An explanation for thiseference could be that most teachers
attain contentment and satisfaction in the job winest of their students have fun in
S&T class, and when they enjoy the tasks the teagies them to carry out. At the same
time, teachers might avoid tasks that are unpoptiiat cause students to complain, to be
bored and dismissive or even disruptive. Tasksal@aseemingly unpopular are those
that involve reading and writing, particularly wiboys who, as mentioned by several
interviewees, tend to find assignments that includeeoretical component boring and
difficult.

The elimination of negative behaviour, which appéyecan be found in boys
more often than in girls, is often necessary stmes tend to dominate, for instance,
whole class discussion due to their behaviour (R2380). This occurrence may further
lead to teachers’ inclination to do more handsaskds and, consequently, accommodate
more boys than girls since relatively more boysithals seem to prefer hands-on tasks.
However, no support for this assumption was evidetttis study since the focus was

laid on teachers and not students.
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Data analysis suggests further that teachers wievben science as gender-
neutral and, consequently, believe that no genifferehces in students’ capabilities and
approaches to learn S&T exist, might be less awhdiferences in students’ needs and
strengths. This interpretation of the study resigltbased on the fact that the same
interviewees that believed in gender-neutralitg@énce were also convinced that they
always treat female and male students in their 8&%$s equally. This is apparently not
the case and, as delineated earlier using the dgamapKaty and Mary, whose interview
data suggest that some teachers are not awarhéirateaching is partially guided by
their own gender bias, that their attitudes towardale students are different from their
attitudes toward male students. These teachensirsgly accommodate boys’ alleged
constant need for action, preference for kinaesthatks, and problems with more
academic tasks that include reading and writingentiban they support girls who might
struggle with hands-on tasks or who do not paritg@s much as boys in class.
Moreover, data suggest that these teachers arsylegsmthetic toward female students’
perceived weaknesses and, consequently, may eghibittitude toward female students
that is more negative than their attitude towardenstudents. An explanation for this
difference in teachers’ attitudes is that theyraseaware of the possibility that girls’
behaviour is a consequence of their perceptiogenéler-specific expectations of
teachers, peers, and parents along with their pgores of teachers’ and peers’ attitudes.
For instance, boys’ inclination to dominate in slaéscussions, to call out more in class
and to behave more assertive and disruptive thésrgay lead to a more diffident
behaviour in female students. This phenomenorbbar described by Stanworth (1983)

who further suggests that female students may perteachers’ attitude toward male
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students not only as accepting but as favouringtddlee fact that boys seemed to be
more valued and capable. Another similarly plaesgxplanation for teachers’
obliviousness to girls’ assumed weaknesses oridafies in learning S&T might be that
they identify with female students. This idengfiion might lead to more negative
attitudes toward girls and probably a more negaititude toward S&T learning overall
since female teachers might be less willing thaterteachers to accept when female
students do not see the importance of performingiw&&T in order to become a
successful and independent woman.

The aforementioned data analyses stress the inmgerts teachers’ awareness
and reflection on students’, society’s as wellresrtown gender-bias. Constant
reflection is necessary since neither society herctassroom is a static environment.
Teaching and learning cannot happen in a predisipfiged fashion since it does not
occur in a vacuum, meaning a teacher must, atteastertain degree, constantly adjust
to what students convey to class. What studeintg kith them is, according to some
interviewees who have substantial teaching expegietifferent from what they brought
with them 10 or 20 years ago and constant developara change is the day-to-day
routine of teachers. Further, due to female anig stadents’ expectations for the
teacher and the teaching outcomes that are fujlgrents and societal expectations,
teachers are expected to adjust to these demantiswemusly. For instance, females are
expected to enter the S&T field in much greater beirs nowadays than they used to,
which may increase the pressure on girls to do weBl& T and mathematics. However,
constant reflection regarding one’s teaching migittbe sufficient if misconceptions are

prevalent and if the beliefs and worldviews of acteer are ‘streamline’, meaning if they
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are not meeting society’s and with that a teachmws's expectations for females and
males. The constant effort to meet these expeaotatiould cause stress, disappointment,

and frustration, which leads to a negative attitiorgard S&T teaching.
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B. LIMITATIONS
Sample size

There is the possibility that many more grade 8 szhool teachers would have
participated in this study but were too preoccupigti other school-related duties or not
aware of it since they might not have receivedeélter of information with the call for
participation, which was sent either by mail ordagnail to all school principals in both
participating school districts. Other reasonstfiar extremely low response rate (70 out
of approximately 940 grade 4 to 8 teachers = 7.&84d)d have been that the principals
contacted did not inform the researcher about véretiey support the study or not,
which delayed the recruiting process and shortérnsetause of the approaching end of
the school year. In the first and second phasesoofiiting, teachers could not be
contacted directly by the researcher, which coalehincreased the response rate;
experience showed that the response rate was ngioér Hollowing meetings with
teachers during school visits than without persapatact. However, only ten principals
granted permission to visit their schools. Anothessible explanation for the low
response rate may be that the principals initiaigtacted speciality S&T teachers only,
which limited the number of participants drastigall

Based on the demographic information that has ga#rered, it can be assumed
that the sample population is rather homogeneodstat the small sample size of this
study, therefore, allows some general predictiorsose predictions, however, are
restricted to those people that fit into the catggelementary school teacher of South-
Western Ontario’, meaning to people that are wallicated and whose lives are

constrained and limited by the geographical anébéspace they inhabit. It is assumed
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that the majority of participants are influencedsyilar social constructs but no
information concerning the participants’ culturatasocial background has been
collected. However, it appears that the sampld uséhis study is not representative in
regards to their science and mathematics backgrotihd fact that 70% of the
respondents took grade 13 mathematics and that 4B8&t of the respondents took grade
13 biology, chemistry, and/or physics (see CHAPTERp. 43), seems unusual since
many elementary school teachers have a much lodueaéional background in those
subjects.

Another restriction might be that a conveniencearg procedure was used for
both the quantitative as well as the qualitativieadallection, which means the sample
may not be representative. Furthermore, the gbadycipants might have been biased
because they might have felt compelled to takeipalHis study since they have been
more comfortable with, or more confident in, th@&T teaching than those that did not
respond to the survey. This might be especialilg for those who agreed on being
interviewed after the survey since it is only hunt@aavoid being asked about subjects
one does not feel comfortable with or that mighdrelse embarrassing in any way.

The use of an on-line questionnaire holds the datingé people other than the
targeted population completed it. Another disadage of an on-line questionnaire could
be the lack of opportunity for the researcher wvjte direct assistance to participants
for survey completion. This assumption can alsabée in regards to the question
about the high school courses taken by the paatit§y Participants that had a higher
science background, meaning those who took moraredy science classes and/or for a

longer period of time, answered probably more oftem those who had a lower science
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background. One indication of this suppositionlddae that relatively more respondents
failed to answer the question about physics couedesn than about biology or
chemistry.

Further, although a relatively high percentageespondents that answered the
guestion concerning high school courses taken, Eegpfor example grade 13 in
mathematics (70%) and grade 13 in physics (43%gntbe assumed that the overall
number of participants that completed the highestlg in these subjects is relatively
low. The total number of participants that answehe questions about what science or
mathematics courses they took in high school wae2fhathematics (46% of all
participants) and 21 for physics (42% of all papénts). That means that seemingly a
total of 16 participants only completed grade 1&mth and 9 participants completed
grade 13 in physics. The number of participars tompleted grade 13 in chemistry
was 11 (37% of responses) and 13 (42%) in bioldgyrther, the fact that grade 13 was
discontinued in Ontario and some other provincdhanyear 2003 might have impacted
the data.

The analysis of gender-related issues could hage bb®re comprehensive if the
number of male participants was higher. Researghests, for instance, that gender-
related differences occur among female teachersratel teachers (Eccles, 1987).

Reliability of questionnaire

The Cronbach’s alpha for scale beliefs regardingnsists and S&T suggests that
the scale is not internally consisteaty 0.425), which might be due to the fact that the
guestions in this scale inquire about three diffeespects: teachers’ beliefs regarding (a)

S&T in general; (b) gender issues in S&T; and (igstists and engineers. Furthermore,
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some of the statements in this scale express demagians and prejudices (for example:
“The world would be a better place without S&T")hiwh might have resulted in some
participants responding to the statements insihcerenot at all (response rate was with
N=45 lower than for the other attribute scaleshe@ubject commented on this scale by
stating that “Questions | have not answered angevgidgements that | am not prepared
to make. They appear to be very stereotypical.”

Test-retest reliability could not be conducted ttueme constrains and the low
number of participants.

Because the data collected from the questionnbowed for good predictions in
two multiple regression analyses as well as maétganfirmations of the quantitative
results by qualitative means, it is assumed trasthivey instrument is valid to predict
teachers’ attitudes toward S&T teaching.

Researcher

Survey: To eliminate data collector bias or thréatiesting, the surveys were
scored and ranked by electronic means.

Interview: To reduce interviewer bias, the intewsewere structured and the
same set of questions was asked. However, tharodes went beyond the preset
interview questions to clarify or to tease out aerissues, which might have
manipulated the interview process.

Interviewee

It is possible that interviewees were biased bexthey completed the

guestionnaire before the interview. Also the gemdd¢he researcher may have been an

issue with some interviewees.
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Discrepancies among gquantitative data and quaktatata

The possibility exists that discrepancies betwaenguantitative and qualitative
analyses occurred since the statements in theigueaire that focused on a certain
aspect were different from the questions askeHbeaririterview concerning the same
aspect. Further, some of the survey statementstma have been sufficiently detailed
to allow for a direct comparison of the responsghk the responses obtained during the
interviews. This is particularly the case withgest to gender issues (students and

scientists) but more detailed survey statementsle@ay/to biased answers.
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C. CONCLUSION

Teachers’ attitudes toward the teaching of S&Traudtifaceted and difficult to
determine. A clear-cut position between positind aegative attitudes is almost
impossible and depends on the criteria used tosehtiais complex conception. The
criteria used in this study were enjoyment of S&&dhing; expectations for students;
work-related experiences; teachers’ confidencecanafort level; teachers’ knowledge
gained in high school, university and otherwiseywali as teachers’ beliefs and biases
about gender issues in S&T. Each of these asgectsnplex and interlinked, which
makes it very difficult to investigate the concepteacher’s attitude in isolation.
Moreover, a teacher might show a relatively positititude in one of the criteria but a
relatively low attitude in another, depending orn/lhis beliefs, and teaching and learning
experiences. Even more complicated is the exarmmaf teachers’ attitudes and
perceptions in regards to gender since teachkeselierybody else, not only have their
own suppositions that are more or less predetedning they are continually influenced
by the divergent gender-related expectations sg@ehool administration, parents, and
students impose on them.

These gender-based expectations and other expestatie constantly present in
the S&T classroom, which is why it is essentialddeacher to be aware of her/his own
beliefs and preconceptions in order to preventsteseotypical or gender-biased thinking
from influencing her/his S&T teaching. As outlinedthe discussion chapter,
expectations and beliefs seem to influence teachtitsides toward S&T teaching in
mainly two ways: directly via her/his own expeatat and beliefs or indirectly by means

of students’ and society’s expectations and beligtserefore, it is assumed that
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teachers’ attitudes toward S&T teaching are paalijivelated to students’ attitudes
toward S&T learning and vice-versa.

The qualitative data confirmed some findings frdra tjuantitative analysis and
put others into perspective. The outcomes indittetea solid science background
increases S&T teachers’ confidence and comfort iev8&T teaching, which is
particularly the case when teaching the intermedyaades. It is further suggested that
teachers with a BSc or advanced education in tle@ces are not intimidated by science
and, therefore, do not exhibit the level of scieanriety other S&T teachers without a
BSc might have developed during childhood and adelece.

Furthermore, although it is commonly assumed tratrdident teacher who
teaches within her/his area of specialization ugw@alopts a more positive attitude
toward S&T teaching, this is not generally the caBkis phenomenon can be explained
by the fact that other variables such as teaclages, self-esteem, experiences with
students and their parents, as well as satisfauntitme job seemingly have a stronger
impact on the formation of one’s attitudes towa&f'Seaching.

On the other hand, in some instances, an advare=ite background seems to
not be necessary for teachers to adopt a positivede to S&T if one has strong self-
confidence and have had mainly positive learninmeeences with students and their
parents. It has also been found that the attitoddard S&T teaching of a very
knowledgeable and competent S&T teacher may chiiogepositive to negative if
her/his expectations regarding students’ attitidesrd S&T learning are not met. At
the same time, a teacher with limited S&T knowledgd science apprehension, might

learn with increasing expertise, and mostly posigxperiences in the S&T classroom, to
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work around her/his anxiety by giving preferencéajoics and teaching units that they
feel comfortable with. However, a teacher whoss/jmus experiences with S&T were
negative might never completely overcome her/hesasmess that impacts her/his
attitude to S&T teaching. Moreover, a teacher vghafraid of mathematics and physics
and S&T subjects that are more challenging migbidathose subjects as much as
possible or teach them with hesitation.

The findings further suggest that teachers whogeecstudents’ overall learning
attitude as positive are not aware of the diffesgtitudes girls and boys may hold toward
S&T learning. These teachers also believe thansei is ‘gender-neutral’(anybody can
learn it); consequently, they hold a positive atté toward S&T teaching.

The analyses of the data further indicate thathe@cwho believe that science is
primarily conducted physically by working with theands and using tools and
instrumentation tend to emphasize a hands-on agptoaS&T teaching. This is
apparently more enjoyable to most teachers an@stadhan theoretical tasks that
involve reading and writing. Consequently, teastard students who would prefer non-
physical, academic work that is more based on attstineoretical concepts may develop
more negative attitudes toward S&T since this apginds seemingly not much supported
by school administrators, parents, and studeni& study findings also suggest that
teachers who believe a ‘proper’ scientist is pritganale, objective, and rational
apparently attain attitudes toward S&T teaching #ma somewhat gender-biased. That
means the attained attitude, which could be redbtipositive or relatively negative,

seemingly depends on the extent a teacher recagthiaethe dominant knowledge
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practices of inquiry and justification are male-doated and who subconsciously accepts
the idea of science as a masculine concept.

A relatively negative attitude may be developeddachers who are aware of the
inequitable ways women in S&T are portrayed, whamgmize gender inequalities in the
workforce and, consequently, know how importamd for female students to excel in
school. Moreover, those teachers may believeféimadle students have to perform better
than male students in S&T in order to overcometexjobstacles on the way to
becoming successful and independent professioaisthe other hand, a relatively
positive attitude toward the teaching of S&T mayftnend in teachers who do not see a
problem with the prevalent, rather masculine ploipdg/ of science and who do not
guestion the way science is done and how sciemiistportrayed in the society.
Therefore, it is hypothesized that teachers withh@ranced science background, who are
rather uncritical of the prevalent philosophy aesce are more likely to have adopted an
attitude to science that is more gender-biasessanmrimarily male-oriented disposition
is dominant in most sciences.

The outcomes of the study suggest that S&T elemgstdnool teachers in the
South-Western Ontario region overwhelmingly fulfilhat they perceive as their
mandate. That is, they care for their studentisesto treat female and male students
equally in their classes, teach S&T to their apilénd incorporate the recommended
teaching approach in order to get young childréerested in S&T. However, the hands-
on approach, although seemingly effective for capguthe interest of the majority of
grade 4 to 8 students, might not help all studeliks in learning S&T. This approach

apparently does not foster those students thagpseflentary, theoretical work, which
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are mostly the students that constitute the mipaniS&T classes, and who are
predominantly female.

Some things in the way S&T is taught in elemengatyool have changed and
others have not. It seems as if the grade 4 ¢aéhers in the South-Western Ontario
region overwhelmingly enjoy teaching S&T. Howewudis study findings also suggest
that the vast majority of these teachers are dgfiagh the subject-matter knowledge they
need to comfortably teach S&T in the grades 6nd, & and partially in the lower
grades, too. Moreover, a considerable numberaxfeyd to 8 teachers seem to lack
knowledge of the social and philosophical aspettsience and are not aware of their
own beliefs and biases. Therefore, it is crudiat grade 4 to 8 teachers in the South-
Western Ontario region are more encouraged taallyireflect on their S&T teaching
and learn more about the non-scientific side of Sgarticularly concerning gender
issues. This, however, is not possible without/jgliog the resources, space and time to
do so and to help and support teachers who are ler@augh to swim against the

mainstream beliefs about science and scientists.
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D. IMPLICATION AND RECOMMENDATIONS

The findings of this study have implications foe tBntario education system,
both school boards of the South-Western Ontarimregchool administrators of the
South-Western Ontario region, and education faesulbif universities in the South-
Western Ontario region. The study outcomes camskd to implement measures that
could help elementary school teachers in the Ségktern Ontario region to reduce
their stress level caused by apprehension agaiiestce, to enhance their comfort level
with S&T teaching, to increase their awarenesseoidgr differences in students’ S&T
learning, and to facilitate self-reflection on thieeliefs and biases concerning scientists
and the nature of science. Moreover, the findofghis study revealed a need for further
attitudinal studies on a much larger scale as agliesearch that explores in more detalil
the implications of the teaching strategies empidyg grade 4 to 8 teachers.

Teaching strateqies

This study provides information about the suppaod guidance grade 4 to 8
teachers who teach S&T need in order to fulfilitmeandate concerning the learning
opportunities for their students. This mandatectvits outlined in the Ontario Science
and Technology Curriculum for grades 1 to 8 (Owntadinistry of Education, 2007)
includes the expectation that “teachers bring esitam and varied teaching and
assessment approaches to the classroom, addrastivigual students’ needs and
ensuring sound learning opportunities for evergstu” (p. 8). The strategies suggested
in the ministerial document under ‘roles and resjalities of teachers’ focus on hands-
on activities for students that are intended tdifate the development and refinement of

students’ inquiry and problem-solving skills amartger things “while discovering
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fundamental concepts through investigation, expilanaobservation, and
experimentation” (Ontario Ministry of Education,@Q p. 8).

The qualitative findings of this study suggest timatst grade 4 to 8 teachers in
South-Western Ontario meet the curriculum requirgsiby focusing on hands-on
activities. At the same time the results propbse¢ some of the studied teachers may
avoid activities that focus on more abstract, tegoal thinking by neglecting reading
and writing tasks or by evaluating relevant worksl¢han active participation. Details
regarding the kind, frequency and extent of theveiets carried out in the S&T
classrooms are not known but the interview datpgse that considerable strategy
differences exist that apparently impact teachemd students’ attitudes toward S&T.
While the activity-based strategies suggested éyChtario Ministry of Education
generally help students constructing an understgnoli how the natural world works,
enhance students’ attitudes toward S&T learningné@in, 2006), and increase students’
achievement overall (Stohr-Hunt, 1996), theseeflias might not sufficiently foster
science literacy. To reach universal sciencedagrwhich is one of the main objectives
delineated in the S&T curriculum (Ontario MinistrfEducation, 2007), reading and
writing in the science classroom is indispensaBlithough words in textbooks do not
give meaning to concepts and, therefore, are moivily understanding is communicated,
they may serve as examples of how to communicaterstanding, or may confirm or
contradict an understanding. Further, textbooksrailar written sources help develop
science literacy by introducing terms and givin§jrdgon, which are important tools to
consolidate knowledge. Reading can also broadehdhizon, can be a source of

comparison of ideas during concept developmentpecavide illustrations of how ideas
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and concepts can be expressed, can stimulate sisossanalysis, and evaluation — all of
which is crucial for becoming scientifically litdea Moreover, reading of texts in S&T is
the best way to prepare students for a professitimel fields of S&T. According to
Tenopir and King (2004), cited in Norris et al (8D0scientists and engineers, for whom
time is generally extremely scarce, spend on aeeahgut one quarter of their overall
working time reading, and award-winning scientisi@d even more than others. Further,
scientists consider reading “as essential to tlesiearch and as the primary source of
creative stimulation” (Norris et al, 2008, p. 76@)ed in Tenopir and King (2004).
Writing in science classes, particularly in the died(and higher) grades, plays a vital
role in moving science away from the paradigm ofmagzing facts toward a deeper
understanding of complex scientific concepts. T™ais be done in the form of writing to
inform a specific audience about what a studenskas, thought, and read or to reflect
upon what s/he as learned and, with that, deepe's anderstanding. For the
abovementioned reasons, the importance of sciéecady, and with that reading and
writing in the S&T grade 4 to 8 classroom, haseéammore strongly reflected in the
Ontario S&T curriculum.

Education policy makers will benefit from this spudhen they become aware of
inequality issues in the S&T classroom. A consegaef the applied approach
suggested by the Ministry along with the provistdmeady-to-go science kits or similar
teaching aids by school boards seems to be thatgrexde 4 to 8 teachers in the South-
Western Ontario region use hands-on activitieswuak for them and supposedly for
most students. The chosen activities, however, moayor only partially, facilitate the

learning of S&T in every student. That is, minpistudents or students that are quieter
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and therefore not as visible in the classroom mightdlisadvantaged by this approach. In
order to give all students equal opportunitiesridarstand scientific concepts, strategies
have to be put forward by the Ontario Ministry afu€ation that meet the needs not only
of highly active and kinaesthetic children but tfdents that are challenged or
intimidated by hands-on activities. This studywhahat some teachers are not aware of
the problems and challenges possibly faced byinktance, those students who prefer,
and perform better, in theoretical, more sederdasygnments in comparison to students
who prefer hands-on activities. Although no reskaould be found that compared the
impact of hands-on activities on the learning omtes of students with divergent activity
preferences in the S&T classroom, comparative stuslow that not all students benefit
from hands-on opportunities to the same extentdyZBortes, and Dan Ochs (2002), for
instance, found that high achievers in grade 7 éakentage of science activities in
cooperative learning groups, while most low achisyake the opportunity to be off task
during those activities. However, the sciencevds Zady et al (2002) observed
included not only practical events such as expartsith controlled variables,
dissections, or construction of models but alsepapd pencil projects. No details
about the kind, frequency and/or extent of eaciviacbr the degree of participation of
students of both groups in each activity were giv&herefore, no further conclusions
can be drawn about differences in learning apprpaeferences of the student groups
studied by Zady et al (2002) and, consequenthspezific recommendations can be
given concerning teaching strategies that targetdchievers.

The findings of this study have implications forestce coordinators and

administrators of the school boards and elemerstaingols of the South-Western Ontario
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region, as well as Faculties of Education in Ontaiifhe qualitative results suggest that
some teachers, particularly those with, in compari® most interviewees, relatively
negative attitudes toward S&T teaching incorposttelent-directed hands-on activities
into their curriculum less frequently than teacheith more positive attitudes. Three
main reasons for this outcome were reported byetheschers: problems with students,
lack of resources, and insufficient preparatioretin©One way to help teachers, who have
difficulties with students not understanding and@iowing instructions, being
disengaged, and being difficult to control, is fepdifferent pre-service science
methodology courses and more professional developapportunities. These courses
could increase grade 4 to 8 S&T teachers’ reperiiteaching strategies in order to
enable them to choose activities that are encougegind meaningful to students with
different abilities and backgrounds. The emphhasig is put on meaningful activities
since students of different socio-economic andéttucal backgrounds, for example, may
gain access to knowledge differently and probaklydndifferent metaphors and
examples to be able to relate what is taught tio glievious experiences. The
importance for indigenous students to be ableltdeenew and old knowledge has been
pointed out by Ezeife (2003), for instance, whogasjed the incorporation of elements
and aspects that reflect the cultural heritageliaed experiences of indigenous students
into the teaching of science and mathematics. Weraipproach to assist teachers in
improving their practices in order to enhance taditudes to S&T as well as the
language and literacy development of diverse stisdgmoups has been suggested by Lee,
Deaktor, Enders, and Lambert (2008). This approatich delivered satisfactory

results in a three-year pilot study with grade 3 educators, promotes the provision of
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intervention programs that include workshops astructional units incorporating
hands-on activities as well as activities or sgege that foster reading and writing in the
context of science instruction (Lee et al, 2008).

Another reason mentioned by some interviewees valdoahrelatively negative
attitude toward S&T teaching for giving studentdior no opportunity to do hands-on
activities was insufficient materials and time e teaching schedule for setting up and
carrying out laboratory activities. Similarly, elentary school teachers in Australia
reported that they avoid science activities thabive equipment since they do not have
the time to organize equipment and set it up (Ajople2002). Therefore, it is
recommended that grade 4 to 8 teachers will beigedwvith resources and time that is
necessary for preparing meaningful science aasjiths well as more support and
guidance that helps them dealing with diverse sttsdePrincipals and school board
administrators will be rewarded with more positatgtudes toward S&T in teachers and
students and, consequently, increased performari¢deachers and learners.

Grade 4 to 8 teachers will develop a more posdit¢ude toward S&T teaching
if they are provided with a S&T curriculum, supporaterials, and professional
development opportunities that allow them to beerftaxible in their choices of S&T
activities. With the appropriate support, teachvetisbe able to meet the needs and
expectations of students of diverse backgroundsahiities and, consequently, will be
rewarded with engaged students that not only eaiyities in the S&T classroom but

actively engage in learning scientific concepts.
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Knowledge

This study provides information about the impor@an€teachers’ content
knowledge and pedagogical knowledge for their @@fce in and their attitude to S&T
teaching. The quantitative findings suggest thatlg 4 to 8 teachers with a bachelor’'s
degree in science (BSc) are more confident in anafartable with their S&T teaching
than teachers without a BSc. The qualitative tedutther revealed that the
confidence/comfort level of teachers without a BSother additional science
background is restricted to the subjects and tméyg taught before, which is commonly
below grade 7. In order to ensure that S&T in graénd 8 is taught by confident and
knowledgeable educators, administrators of theddhmards and elementary schools in
the studied region have to ensure that these geaddaught by teachers who are
specialized in S&T teaching. That is, dependinghensize of the school, at least one
specialty teacher with a solid, meaning univerigtyel science content knowledge should
be employed at each elementary school to teacimitiéie grades. Ideally, all teachers
that teach S&T in grade 4 and higher should haB8@or should have taken at least two
courses in each of the sciences as well as onatlnnbathematics and statistics at the
undergraduate level. Alternatively, it is suggddteat teachers, who want to teach S&T
at the medium level, have grade 12 biology, chemighysics and mathematics, at the
very least. This is, because the qualitative datgest that even teachers who had a high
school background in sciences (grade 11 biolodyigiter, grade 10 chemistry or higher,
grade 10 physics or higher) and mathematics (gtad® higher) that was stronger than
what is currently required for acceptance intogheeral degree program, lack self-

confidence in teaching S&T, particularly in graderil 8. Another reason for increasing
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the requirements for science content knowledgleasdven very experienced teachers
(20 and 31 years of S&T teaching) lack confidemdkay were asked to teach S&T in a
grade higher than 6 or a subject they do not feelpetent in, as could be seen at the
qualitative findings of this study.

Based on this study, it is further recommended aaregular S&T workshops
for all in-service elementary school teachers magldao enhance their content
knowledge. This seems to be crucial, on the oné gince some elementary school
teachers are not aware of their shortcomings in 8&ftent knowledge, and, on the other
hand, because a low level of content knowledgeah@egative impact on teachers’
pedagogical content knowledge and restrains thdityato make new ideas and
understandings accessible to young students (Ga2i0€3). Further, elementary
teachers should be given more opportunities torsehtheir S&T pedagogical content
knowledge by offering specific S&T workshops andises. It has been shown, for
instance, that science methodology courses thdtearés-on and field-based can increase
confidence in elementary school teachers (Jadr@®8). Additionally, elementary in-
service and pre-service teachers’ pedagogical nbktewledge should be enhanced in
areas most of them do not feel competent in, sagihgsics. In this, focus should be
laid on a research-based inquiry approach sinegehiching strategy seems to be more
successful in helping teachers to develop the tfyp@mowledge necessary to be able to
teach a given topic in physics effectively (pedagalgcontent knowledge) than with an

approach that is mainly descriptive (McDermottle2806).
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Awareness

The qualitative findings disclosed that not alldgal to 8 teachers are aware of
the fact that their S&T teaching as well as theirceptions of students’ S&T learning are
partially guided by gender bias. The study intms also revealed in most teachers a
lack of awareness of their attitudes, beliefs, lailades concerning scientists and the
nature of science. These outcomes have implicafmmuniversity teachers in science
education, curriculum developers, school admintistsa principals, and teachers since it
is crucial to foster awareness continuously aralld¢vels of teachers’ training. In order
to improve the extent of consciousness in elemgrsanool educators, it is important to
trigger and promote reflective thinking in pre-seevas well as in-service teachers and to
teach them how to nurture their own reflective tjiauprocess. Without constant
reflection, teachers may not be aware that what tisech in the S&T classroom and how
they teach it is biased. Their teaching mightriflaénced by beliefs and preconceptions
that are either based on their personal experiesrces the beliefs and preconceptions of
their teachers. Research showed that S&T methgdal@rkshops that integrate equity
issues can help grade 4 and 5 teachers to becoare afthe impact their gender-role
stereotypes has on their teaching (Kahle, Ande&ddamajanovic, 1991). Those
workshops can, according to Kahle et al (1991} hip elementary teachers to modify
their attitudes in ways that enhance particulanlig'devels of confidence in doing S&T
in general and in subjects such as physics giedsaeemingly more apprehensive about
than boys. To foster an interest in S&T in alldgnts equally, it is important that grade 4
to 8 teachers become aware of their prejudicestamientists and their ideas concerning

the nature of science. This could be done by gielementary teachers the opportunity
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to experience authentic research in industrialnoversity science/engineering
laboratories or by bringing scientists and engiséo the elementary classroom.
Further, teacher development projects and undengtactourses should incorporate the
history of science and philosophy of science ireotd give teachers the opportunity to
improve their knowledge about scientists and tharneaof science. This is particularly
significant since some participants in this stuayribt see the necessity of
deconstructing the myth that science is free ofexivity and that it is performed by
people that are gender-neutral, meaning that haik is not influenced by their gender-
role. Moreover, “it is through history of scienttet students can become aware of the
open nature of science and, more importantly obiten nature of methods by which one
can do science” (Elkana, 2000, p. 35). Additionafladministrators of both school
boards and schools provide elementary teacherstwithand opportunities to learn
about and critically analyze the history and plojatsy of science, they will be rewarded
with staff that has a more accurate picture ofnihire of science. This is important for
several reasons; one being to help teachers addrgtuto distinguish between things that
are more scientific and those that are less sie@@mith & Scharmann, 1999), which is
a major step in the preparation of students forkimgrin S&T.

It is further recommended that the Ontario Sciearwe Technology Curriculum
for grades 1 to 8 (Ontario Ministry of Educatio®0Z) explicitly addresses the
requirement of teaching the social aspects of gtera of science by looking at the
history and philosophy of science with a critieai$. The incorporation of gender issues
and questions related to minority groups in the S&friculum is further recommended

since this study revealed that stereotyping ikastihajor problem in S&T.
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Attitude

The findings of the present study provide inforrmatabout the complexity of
grade 4 to 8 teachers’ attitudes toward the tegabirS&T and the multitude of causes
that impact their attitudes. Due to this complexitis recommended to assist grade 4 to
8 teachers as well as pre-service elementary teaohtheir quest for satisfactory ways
to teach S&T at all administrative and educatideegls. Moreover, both pre-service
and in-service elementary teachers need to be g¢ineeapportunity and the
encouragement to seek the pedagogical content kdgelnecessary to teach S&T with
confidence over a long period of time. It is cal¢d aim for long-term support since it
has been shown that single workshops or basic tgiiydevel courses are not sufficient
to bring about belief and attitude change in S&dcteers (Brown & Melear, 2006;
Tilgner, 1990). Because attitude enhancementsrédi@ large extent on the
improvement of forces outside of the control of ti&cher, it is crucial that the
administration and the community agree on the vafu®&T for our society and
communicated that to the teacher.

Suggestions for future research

Due to the small sample size used in the quaniatart of this study, it is
suggested to conduct further research on this tegitg a much larger sample size. With
a larger sample size it would be possible to conduwommparative study that allows the
examination of gender differences in female ancentedichers’ attitudes. Based on the
findings of this study, future research should ptarthree main directions. First, a
guantitative study is required to determine elemmgnteachers’ pedagogical content

knowledge. Second, research is needed that igeéss through direct observations the

167



kind and frequency of activities carried out in tlementary S&T classroom as well as
students’ preferences of teaching/learning appmes&ci hird, research is needed that
explores teachers’ knowledge of the history ofrsoée the philosophy of science, and the
nature of science to unravel possible misconceptatiout S&T. This is important in
order to be able to correct these misconceptiodg@align the theories of science
teaching with the changes of both science andhiiegophy of science in undergraduate

education courses as well as teachers’ developpnegtams.
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APPENDICES
Appendix A
Survey instrument

I. BACKGROUND INFORMATION
In the first section | would like you to provide me with your demographic information.
(Please fill in the information and place check mark where appropriate.)

[Please note that the following information will kept strictly confidential and that providing méwyour personal data is voluntary.]

1. Gender male [ ] female [] transgender [ ] inter-sex [ ]
2. Age 23 years and under
24 to 30 years

31 to 40 years
41 to 50 years
51 to 65 years

|

3. Educational background
A. High School courses taken:
(please circle all applicable numbers)

1 Biology

(please specify) (a) Levells (b) Years
2 Chemistry

(please specify) (a) Levells (b) Years
3 Physics

(please specify) (a) Levells (b) Years
4 Mathematics

(please specify) (a) Levells (b) Years
5 Other

(please specify) (a) Levells (b) Years

B. University degrees obtained:
(please circle applicable number/s)

1 Bachelor in Education
2 Master in Education
3 Bachelor of Science

(if yes, please specify)

4 Master of Science
(if yes, please specify, e.g. chemistry)
5 Other (please, specify)

4. Teaching experience
(please indicate number of years; if less than 2 years, please specify in months)
Overall

Science & Technology
Other
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Size of current science and technology class/es

(please indicate all class sizes if you teach more than one class this term; please use

slashes to subdivide them, for example: 25/ 28)
Number of students

Grade(s) taught science and technology (p/ease indicate all grades)
This academic year

Last two academic years

Last three academic years

Last four academic years

Other (please indicate what grades you have taught for how many years, if you

have more than four years of teaching experience in science and technology)

Employment as teacher

(please indicate if full-time or part-time employed by circling applicable numben)
1 Full-time with current teaching load of at least 60%

2 Part-time with current teaching load of less than 60%

Student population of School you are teaching at (p/ease check mark)
Less than 500

O

Between 500 and 1000
O

More than 1000
O

Type of School you are teaching at (p/ease check mark)
Urban school

(urban area with a population greater than 100,000)
Rural school

(urban area with a population smaller than 100,000)
Other
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10. Other working experiences (p/ease indicate)

Area

Number of years

Comments:

Il. TEACHING OF SCIENCE AND TECHNOLOGY

In the second section, | would like you to indicate how you see yourself as a
science and technology teacher.

(Please rate how strongly you agree or disagree with each of the following statements by
placing a check mark in the appropriate box.)

Neither
Some- [Disagree| Some-
Strongly what nor what Strongly
Disagree | Disagree | Agree | Agree Agree
1 | enjoy teaching science and technology
2 | can tell that students understand what |
explain in my science and technology class
3 | am confident | can answer most of the
students’ questions
4 | think | have adequate training to teach
science and technology
5 | consider myself a science and technology
expert
6 | integrate new scientific discoveries into
my teaching
7 | avoid using mathematics in my science
and technology teaching
8 Motivating students to participate in class
activities is easy for me
9 | enjoy discussing scientific and
technological topics with colleagues
10 | Explaining a topic in different ways is
difficult for me
Comments:
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lll. LEARNING OF SCIENCE AND TECHNOLOGY

In this section, | would like to ask you some questions about your own science and
technology learning.

A. How informed do you feel about the following topics?

Please indicate by checking the appropriate boxes.

Not
informe
datall

Vaguely
informed

Well
informed

Sufficiently
informed to
teach it

Informed enough to
discuss it with experts

New Scientific Discoveries

N|=

New Inventions and
Technologies

Space exploration

Gene Technology

Nanotechnology

Global Warming

New Medical Discoveries

(N[O |h (W

Environmental Issues

Comments:

B. What is your primary source of information in the area
of science and technology?

(Please use each number only once.)

Please rank the following items by using a scale from 1 to 10, where 1 is the
source you use most and 10 the source you use the least:

3
=

Not Applicable

Internet

Books

Journals

Magazines

Television

Movies

Radio

Colleagues

Family and Friends

=S OO IN|O|NHLWINI=

0 | Experts

I e

L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
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Comments:

C. Approximately, how often have you visited the following

establishments within the last twelve months?

Please answer by checking the appropriate box below.

Never

Once or
twice

Three to five
times

Six or more times

Zoo

Public Library

WIN|=

Science and Technology
Museum

Art Gallery

a|bs

University or College
Library

Aquarium

Sports Events

Music Performances

(0 |N|O

Botanical Garden

Comments:
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IV. STUDENTS’ ATTITUDES TO SCIENCE & TECHNOLOGY

For the fourth section, | would like to get your opinion about students’ attitudes

toward science and technology.

A. How would you describe students’ attitudes toward science and

technology?

Please rate how strongly you agree or disagree with each of the following statements

by placing a check mark in the appropriate box.

Some- Neither Some-
Strongly what Disagree nor what Strongly
Disagree Disagree Agree Agree Agree

1 | Students are interested in
topics covered in the science
and technology class

2 | ltis difficult to encourage
children to study science and
technology

3 | Students have difficulties
understanding scientific
concepts

Students are scared of science
and technology

Students need a lot of extra help
in science and technology

o o »

Students enjoy discussing
scientific problems in class

7 | Students have no difficulty with
scientific thinking

8 | Students think science and
technology is boring

Comments:
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B. When comparing the students in your science and technology class,
would you say male and female students differ in the following categories?

Please rate how strongly you agree or disagree with each of the following statements

by placing a check mark in the appropriate box.

Female and male students | Swers

Some-
what
Disagree

Neither
Disagree
nor Agree

Some-
what
Agree

Strongly
Agree

1 show the same amount of interest in
science and technology

are equally motivated to learn
science and technology

show the same degree of interest in
hands-on-activities

Hl W N

participate to the same extent in out-
of-school science and technology
activities

5 devote about the same amount of
time to studying science and
technology

6 need about the same amount of
extra help

7 have similar difficulties
understanding scientific concepts

Comments:
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V. PERCEPTIONS OF SCIENCE & TECHNOLOGY
For the fifth section, | would like you to provide your perceptions of real-world
science and technology as well as scientists.

A. What attitudes would you consider are essential for meaningful work
in science and technology?

Please rate how important each of the following habits of mind are by placing a
check mark in the appropriate box.

Very Moderately Of little
important | Important important importance Unimportant

Commitment to accuracy

Precision

Imagination

Respect for living things

Respect for the environment

Integrity in observation

Experimentation

Presenting and reporting

OO IN[NH|WN| =

Respect for evidence

-
o

Creativity

Comments:
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B. To what extent do you agree or disagree with the following statements
regarding science and technology and the people who work in those

areas?

Please rate how strongly you agree or disagree with each of the following statements by
placing a check mark in the appropriate box.

Some- [ Neither | Some-

Strongly what | Disagree | what |Strongly

Disagree |Disagree| nor Agree | Agree | Agree

1 The world would be a better place without
science and technology

2 Men and women are equally suitable to
become scientists and engineers

3 New technological inventions pose too many
risks for the environment

4 Scientists and engineers do not socialize as
much as people who work in non-scientific
fields

5 Women are as interested in science and
technology as men

6 Scientists and engineers are very
knowledgeable in their fields

7 Without modern scientific discoveries and

technological inventions the human race would
struggle more

Scientists and engineers are introverted

9 Scientists and engineers are more interested
in research than in teaching

10 Scientists and engineers are devoted to their
work

Comments:
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C. Thinking about knowledge and skills, what would you say are the five most
important things a scientist or engineer should know or be able to do?

Please write one subject in each line of the following priority list, with the most important
one at the top (#1) and the least important one at the bottom (#5).

APl Rl b

Comments:

D. If you were in the position to decide what five academic subjects besides
reading and writing should be taught at an elementary school (grades 1 to 8),
what subjects would you choose?

Please write one subject in each line of the following priority list, with the most important one at
the top (#1) and the least important one at the bottom (#5).

Sl b Rl b

Comments:
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Are there any additional comments you would like to make that are not
addressed in this questionnaire?

If you agree to be interviewed, please write the password you chose to enter the

survey —-or a different password- record it, and send it to me (haaser@uwindsor.ca).

Password:

Thank you very much for participating!
Please click the submit button below
to complete the survey.
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Appendix B - Interview Questions (Q=Question)

In the survey, you were asked a couple of questbiosit how you perceive yourself as
science and technology teacher. Now, | would li&a o share with me your thoughts
and feelings regarding your science and techndiegghing.

Q: [1] In teaching science and technology, whatigou say is most important to you?
Q: [2] How would you describe your science teagRin

Q: [3] Do you use any specific practices and sgigs that you think are relevant in the
way you teach science and technology?

Q: [4] How do you rate yourself in regards to yoanfidence and competence to teach
science and technology, using a scale of 1 torbthd survey, you were also asked about
how you perceive the students in your S&T class.

Q: [5] Could you offer your point of view aboutwywostudents’ attitudes toward and
perceptions of science and technology?

Q: [6] In your opinion, why do you think studefhitave these perceptions?

In the survey, you were asked about your opinigaréing gender differences in
students’ attitude to the learning of science aatinology.

Q: [7] Have you encountered gender differencegsur science and technology
classroom and if so, in which way?

Q: [8] Do you think boys and girls differ in theittitudes to and perceptions of school
science and technology? Why or why not?

Q: [9] Do you believe that boys’ and girls’ akii$ to learn science and technology
differ? Why or why not?

Q: [10] Research suggests that fewer female thele students believe that they are
sufficiently skilled in science at the beginninghigh school. Have you seen similar
tendencies in your science and technology class® ao, in what grades? Further, do
you have an idea about why this might be the case?

Q: [11] Would you say that you treat boys andsgiml your science and technology class
equally? How do you know this?

In the survey, you were also asked some questmmseecning your opinion about
science and technology in general and scientigtaiticular.

Q: [12] Could you please share with me your peiioap of a scientist?

Q: [13] Do you think women who pursue a careesdience, engineering or technology
encounter more or other obstacles than men? Wthyvaat are these obstacles?

Q: [14] Would you agree with the statement thamg&a and men in those fields are
treated equally? Why or why not?

Q: [15] Do you think most people have a stere@gpimage of a scientist? If so, in
which way?

Q: [16] Would you say that your perceptions otestist are biased? If so, in which
way?

Q: [17] How do you prevent any stereotypical aded thinking from influencing your
science and technology teaching? Please explain.

Q: [18] Would you choose to teach science andnelclyy if you had the choice or
would you prefer to teach another subject?

Q: [19] Would you like to see more science speaiforkshops or PD courses offered
for non-specialty elementary school teachers?

Q: [20] Is there anything else you would like base with me or draw my attention to?
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Appendix C
Letter of Permission to University of Windsor ResbaEthics Board

Rita Haase
XXXXXXXXXXXXX
XXXXXXXXKXXXX

November 13, 2007

Research Ethics Coordinator
Office of the Research Ethics Board
303 Assumption University Building

Re: Approval of Research Project for Thesis
Dear Coordinator, dear Committee Member,

As a graduate student at the University of WindBaculty of Education, | am
requesting the Research Review Committee’s peramgsi conduct a research study
to satisfy the thesis requirements for a Mastdtdifcation degree.

The proposed study will investigate elementary stboience teacher’s attitudes
toward science and the teaching of Science andnbéatyy (S&T), teachers’
perceptions and possible stereotypical imagessofemtist, as well as their attitudes
toward the students they teach, that is, theitualtis to gender issues in the science
classroom. The results hopefully will help to entestudents’ interest in S&T to
increase the number of students, particularly femstidents, aiming for an education
and career in related fields. Furthermore, the gged study aims to help elementary
school S&T teachers to become aware of their diiguo science and S&T teaching
along with possible inequities in their S&T classmg which could improve male and
female students’ attitudes toward science.

Presently, there are no known risks, participaigovoluntary, and subjects may
withdraw from both stages of the study at any tifirfee first stage will be an
anonymous on-line survey for which no consentdgiired but consent will be sought
in the second stage, before the interviews takeepdad confidentiality will be
ensured.

Please find enclosed the ethics application, winicludes two consent forms and
two information letters, a copy of the survey instent (appendix A), a copy of the
interview instrument (appendix B), a copy of thedis petition that provides a
description of the study and an outline of the pthwres (appendix C), as well as
copies of letters to the school boards (appendjxHh2) school board science
coordinators (appendix E), and the prospectiveyspadgiticipants (appendix F).

Thank you very much.
Yours sincerely,

Rita Haase, Ph.D., M.Ed. candidate
Enclosures
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Appendix D
Letter of Permission to School Boards ResearchdRe@ommittee

Rita Haase
XXXXXXXXXXXXX
XXXXXXXXXXXXX

XXXXX
XXXXX
XXXXX
December 12, 2007

Re:  Request for Ethics Approval: Elementary ScA@achers’ Attitudes toward
Science and the Teaching of Science and Technology

Dear XXXXX:

As a graduate student at the Faculty of Educatimm the University of Windsor, |
am requesting permission to conduct a researcly stitd grade four to eight school
teachers from XXXXX School Board to satisfy thediserequirements for a Master of
Education degree.

Using an anonymous on-line survey, the proposedi/siill examine grade four to
eight school science teachers’ attitudes towarde&ehing of science and technology. In
subsequent one-on-one interviews with a small nurabgurvey participants, | will
further explore teachers’ perceptions of a scigrtheir understanding of boys’ and girls’
attitudes to and difficulties with science and teabgy learning, as well make
interconnections between teachers’ behaviour irsthence classroom and the gender of
the students they teach. The study instrumentse(app A & B) are attached for your
perusal.

Elementary school teachers play a crucial rolegards to the attitude students
adopt toward science and technology. Teacheratbkatonfident in and enthusiastic
about the subject they teach, propel student’svattin not only to achieve in that
subject while in school but to become a life-loagrher in that discipline. This is very
important in science and technology since the nusmbkestudents overall, and female
students in particular, that chose science andtdoby related subjects in high school
and continue their education to pursue a carefelas such as chemistry, physics, or
engineering has been low in the last fifteen yeassa consequence, the number of
science and technology graduates does not medethand of the economy;
consequently, the economic industries as well ademia have raised concerns that the
Canadian economy will slow down because of the tdakualified scientists and
engineers.

One of the main reasons that influence studentssaa to major in science and
technology related subjects is the attitude stiedadbpt toward those subjects. It has
been shown that most female students and quitend&of male students do not
proceed further in science, technology and mathiemathich are crucial for
understanding hard sciences and engineering, bedtaey do not like the subjects and
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cannot identify with scientists or engineers, efehey achieve in those areas. Research
suggests that this dislike, which girls expresieyasind to a greater extent than boys,
begins to have a negative impact in students’ sei@md technology learning around
grade six. Therefore, it is important to conveyoaifive view of science to elementary
students and to motivate them to learn sciencdexithology before they start to dislike
it.

This study then may provide insight into grade faueight science teachers’
attitudes to science and the teaching of sciendaemtnology. Through self-appraisal
and sharing information the teachers might expedemnboost in their motivation to teach
science and technology. They might also gain stfean and confidence as science and
technology teachers and be encouraged to furth@aetheir personal-professional
knowledge. Furthermore, the study might motivateigipants to become proactive
career-long students of science and technologyhtegcBy reflecting on their teaching
philosophy, the teachers might be able to enhdraie understanding of why integrating
teaching the nature of science in grade four thteitassrooms is important. Moreover,
the participating teachers might be encouragedd& social and professional support
from peers, principals, and science experts, refla¢che expectancies they have of
students, develop unbiased conceptions of how staidd both genders see and
understand science and technology and learn havg lbeale/female offers advantages in
working with boys/girls in the science and techggialassroom.

Presently, there are no known risks to the studstjgpation is voluntary, and
study participants may withdraw from the studyrat ame. Letters of information for
the on-line survey will be posted at the Universitywindsor’'s main survey Web site
(http://www.uwindsor.ca/users/h/haasel/main.agéilable after ethics approval),
another letter of information as well as a congerm will be presented to those teachers
who will agree to participate in the subsequentiss#rctured interviews. Interviews
will take place at public places away from schaelnpises and will take between 45
minutes to one hour.

The Research Ethics Board of the University of Veordhas approved this study
preliminary provided that the school boards appmyeapplication (see attached pdf-
document ‘REB temporary approval’). A copy of tippeoved REB Ethics Application
is also attached.

If you have any questions, please feel free toaminmhe by e-mail (XXXXX) or by
phone either at home (XXXXX) or at the Universifgindsor (XXXXX). If you wish,
you can also contact my thesis supervisor Dr. Amghd. Ezeife at XXXXX (e-mail:
XXXXX).

Thank you very much for considering this requesgethics approval.
Yours sincerely,
Rita Haase, Ph.D., M.Ed. Candidate

Enclosures
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Appendix E
Letter of Permission to School Principals

Dear XXXXX:

Superintendent XXXXX from your school board hasngea approval for me to
conduct research in the elementary schools of KEXX and suggested that | get in
contact with you to seek your approval to condbetdtudy with teachers of your school
and to help me recruiting grade four to eight teaslthat currently teach science and
technology or have taught this school subject enléist four years at your school.

Using an anonymous on-line survey, the proposeat/stuhich satisfies the thesis
requirements for a Master of Education degreeaftculty of Education, will examine
elementary teachers’ attitudes toward the teacotiirsgience and technology. In
subsequent one-on-one interviews with a small nurabsurvey participants, | will
further explore teachers’ perceptions of a scigrttigir understanding of boys’ and girls’
attitudes to as well as difficulties with scienecaldechnology learning, and make
interconnections between teachers’ behaviour irstience classroom and the gender of
the students they teach.

Elementary school teachers play a crucial rolegards to the attitudes students
adopt toward science and technology. Teacheratbkatonfident in and enthusiastic
about the subject they teach, propel student’svattin not only to achieve in that
subject while in school but to become a life-loagrher in that discipline. This is very
important in science and technology since the nusnbkestudents overall, and female
students in particular, that chose science andtdoby related subjects in high school
and continue their education to pursue a carefelas such as chemistry, physics, or
engineering has been low in the last fifteen yeassa consequence, the number of
science and technology graduates does not medethand of the economy;
consequently, the economic industries as well adexnia have raised concerns that the
Canadian economy will slow down because of the tdakualified scientists and
engineers.

One of the main reasons that influence studentssaa to major in science and
technology related subjects is the attitude stigdadbpt toward those subjects. It has
been shown that most female students and quitend&of male students do not
proceed further in science, technology and mathemathich are crucial for
understanding hard sciences and engineering, bedaey do not like the subjects and
cannot identify with scientists or engineers, eif¢hey achieve in those areas. Research
suggests that this dislike, which girls expres$ieyasind to a greater extent than boys,
begins to have a negative impact in students’ sei@md technology learning around
grade six. Therefore, it is important to conveyosifive view of science to elementary
students and to motivate them to learn sciencdextthology before they start to dislike
it.

This study then may provide insight into grade faueight science teachers’
attitudes to science and the teaching of sciendeéearnnology. Through self-appraisal
and sharing information the teachers might expedenboost in their motivation to teach
science and technology. They might also gain stfesn and confidence as science and
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technology teachers and be encouraged to furth@aetheir personal-professional
knowledge. Furthermore, the study might motivateigipants to become proactive
career-long students of science and technologyhtegcBy reflecting on their teaching
philosophy, the teachers might be able to enhdraie understanding of why integrating
teaching the nature of science in grade four thteitassrooms is important. Moreover,
the participating teachers might be encouragedd& social and professional support
from their colleagues, from you, as their princj@aid from science experts, reflect on
the expectancies they have of students, develojsed conceptions of how students of
both genders see and understand science and tegiinahd learn how being
male/female offers advantages in working with bgyH in the science and technology
classroom.

If you allow me to conduct the study with staffyafur school, | would like to ask if

you could forward the attached letters to all grimle to eight science and technology
teachers of your school.

If you have any questions, please feel free toaminmhe by e-mail (XXXXX) or by
phone either at home (XXXXX) or at the UniversitfiMgindsor (XXXXX). If you wish,
you can also contact my thesis supervisor Dr. Amghd. Ezeife at XXXXX (e-mail:
XXXXX).

Thank you very much for helping in this researctieavour.

Yours sincerely,

Flita z%as’e
Rita Haase, Ph.D., M.Ed. Candidate
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Appendix F
Letter of Information to Grade 4 to 8 Teachers
Rita Haase
XXXXXXXX XXX XX
XXXXXXXXXXXXX

March 25, 2008

Dear Teacher:

| invite you to participate in a study that | contitogether with my supervisor Dr.
Ezeife as part of my Master’s in Education thestha University of Windsor. The
study aims to examine elementary school teach#éitades toward science and the
teaching and learning of science and technologgdiyng questions about their view of
the scientific world, their perceptions of a scistytand about their professional
aspirations and expectations of students.

All schools of the Windsor XXXXX School Board panifpate in this research
project, which has been approved by the ResearibsBoard of the University of
Windsor and the Research Review Committee of yolwal board. It will be conducted
in two phases. Phase | consists of an on-lineesuand in Phase Il one-on-one
interviews will be conducted with those survey ggrants who have agreed to be
interviewed.

The on-line questionnaire takes about 15 to 20 tasto complete (approximately
40 questions). The survey can be saved beforeletioypand you can return by re-
entering the personal password you choose at tjariag of the survey. You also have
the option of skipping questions or to withdraw yoesponse. However, your data
cannot be withdrawn or changed once you have @istitomit button. A letter of
information that further explains the purpose af gtudy, the procedures, potential risks
and benefits, as well as other related informategarding your rights as research
participant can be found at the University of Wioids survey website
(http://www.uwindsor.ca/teachersattitujleall research participants that take part in
the on-line survey will be entered in a draw and hae the chance to win a $50
voucher from CHAPTERS.

| have asked the principal of your school to hepdistribute my survey to all
teachers that are currently teaching or have pusiydaught science and technology at
the junior-intermediate level and who would be wdlto participate in this research
study.
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To go to the survey, please use the following URL:
http://www.uwindsor.ca/teachersattitudes You will be asked to enterldwiniD ,
which isetats and aPassword which isscience If you wish to receive a hard copy of
the questionnaire, please contact me via phonenmikor, to ensure anonymity, ask the
principal of your school to do so and | will seihe tsurvey form to you or your school.

The subsequent interviews will be arranged indigliyuand will take place a
couple of weeks after the implementation of thdina-survey with those participants
that choose to be interviewed by providing me wittode at the end of the survey.
small token of appreciation will be given to all inerviewees

All data received from survey respondents are ammug and information obtained
from interviewees will be held in strict confidencBlease note that your participation in
this study is completely voluntary and that yowedieack is greatly appreciated.

If you have any questions, please feel free toaminhe by e-mail (XXXXX) or by
phone either at home (XXXXX) or at the UniversitiMgindsor (XXXXX). If you wish,
you can also contact my thesis supervisor Dr. Amghd. Ezeife at XXXXX (e-mail:
XXXXX), as well as the University of Windsor ReselarEthics Board Coordinator at
XXXXX or by e-mail XXXXX.

Thank you very much in advance for supporting tegearch endeavour.

Yours sincerely,

Flita z%as’e
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Appendix G

Age (years) * gender Crosstabulation

gender
female male Total

Age (years) 24-30 Count 11 1 12
% within Age (years) 91.7% 8.3% 100.0%
% within gender 29.7% 7.7% 24.0%
% of Total 22.0% 2.0% 24.0%

31-40 Count 13 7 20
% within Age (years) 65.0% 35.0% 100.0%
% within gender 35.1% 53.8% 40.0%
% of Total 26.0% 14.0% 40.0%

41-50 Count 7 4 11
% within Age (years) 63.6% 36.4% 100.0%
% within gender 18.9% 30.8% 22.0%
% of Total 14.0% 8.0% 22.0%

51-65 Count 6 1 7
% within Age (years) 85.7% 14.3% 100.0%
% within gender 16.2% 7.7% 14.0%
% of Total 12.0% 2.0% 14.0%

Total Count 37 13 50
% within Age (years) 74.0% 26.0% 100.0%
% within gender 100.0% 100.0% 100.0%
% of Total 74.0% 26.0% 100.0%
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Appendix H - Pearson Correlation Analysis - 8dal(Attitude; reverse-scaled items included)

difficulty in
confidence in | confidence in belief in integration of confidence in enjoyment of | explaining in
enjoyment of student's answering adequate confidence in new avoidance of motivating discussions with|  different
teaching understanding questions training expertise discoveries | mathematics students colleagues ways
enjoyment of  |Pearson Corr. 1.000 .383" 468" 556" 450" .393" .109 229 537" .136
teaching Sia. (2-tailed) .006 .001 .000 .001 .005 453 .109 .000 .346)
N 50 50 50 50 50 50 50 50 50 50|
confidence in  |Pearson Corr. .383" 1.000 631" 470" .368" 354" 216 .055 329" 317
student's Sia. (2-tailed) .006 .000 .001 .009 .012 132 .706 .020 .025
understanding | 50 50 50 50 50 50 50 50 50 50)
confidence in  |Pearson Corr. 468" 631" 1.000 703" 688" 456" .165 -.007 294" .201
answering Sia. (2-tailed) .001 .000 .000 .000 .001 251 .963 .038 .161
questions N 50 50 50 50 50 50 50 50 50 50
Ibelief in Pearson Corr. 556" 470" 703" 1.000 814" .263 .210 .039 292" 127,
adequate Sia. (2-tailed) .000 .001 .000 .000 .065 144 .789 .040 .380
training N 50 50 50 50 50 50 50 50 50 50)
confidence in  |Pearson Corr. 4507 .368" .688" 814" 1.000 323 141 .055 278 .159
expertise Siq. (2-tailed) .001 .009 .000 .000 022 330 706 .050 271
N 50 50 50 50 50 50 50 50 50 50|
fintegration Pearson Corr. .393" 354" 456" .263 323 1.000 295" 133 508" .251
of new Siq. (2-tailed) .005 012 .001 .065 022 .038 .356 .000 078
discoveries N 50 50 50 50 50 50 50 50 50 50
avoidance of Pearson Corr. .109 .216 .165 .210 141 295 1.000 .226 .219 .304]
|mathematics | sjq. (2-tailed) 453 132 251 144 330 .038 114 126 032
N 50 50 50 50 50 50 50 50 50 50|
confidence in Pearson Corr. .229 .055 -.007 .039 .055 133 .226 1.000 .248 .328]
Jmotivating Siq. (2-tailed) .109 706 963 789 706 356 114 .082 .020
students N 50 50 50 50 50 50 50 50 50 50
enjoyment of  |Pearson Corr. 537" 329 294 292" 278 508" 219 .248 1.000 .146|
discussions with | siq. (2-tailed) .000 .020 .038 .040 .050 .000 126 .082 311
colleagues N 50 50 50 50 50 50 50 50 50 50
difficulty in Pearson Corr. 136 317 201 127 .159 251 .304 328" .146 1.000
explaining in - |sig, (2-tailed) .346 .025 161 .380 271 078 032 .020 311
different ways |\, 50 50 50 50 50 50 50 50 50 50

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).




Appendix H - Pearson Correlation Analysis - IBG'A (Perception of Students’ Attitude; reverssaked items included)

students students students
show students hard difficulty in students students enjoy students think| students
interest | to encourage | understanding | are scared | need help | discussions | scientifically | are bored

students Pearson Correlation 1.000 314" -.300° -507" -.340° 704" 4307 -541"
showinterest | o (5 tailed) 026 034 .000 016 .000 002 .000
N 50 50 50 50 50 50 50 50
students hard |Pearson Correlation -.314 1.000 .338 501" .399” -.218 -.378" 443"
to encourage | gjq (2-tailed) 026 016 .000 .004 128 .007 .001
N 50 50 50 50 50 50 50 50
students Pearson Correlation -.300° 338 1.000 535" 5707 442" -578" 4147
Sfé‘;‘:gé'n” ling|SI9- (2-talec) 034 016 .000 .000 .001 .000 .003]
N 50 50 50 50 50 50 50 50
students are |Pearson Correlation -507" 501" 535" 1.000 447" -.325 -.336 431"
scared Sig. (2-tailed) 000 000 000 001 021 017 002
N 50 50 50 50 50 50 50 50
students need |Pearson Correlation -.340 .399" 570" 447" 1.000 -.404" -569" 436"
help Sig. (2-tailed) 016 004 .000 001 004 .000 002
N 50 50 50 50 50 50 50 50
students Pearson Correlation 704" -.218 442" -325 -.404" 1.000 509" -.493"
ggg&’ssions Sig. (2-tailed) .000 128 .001 021 .004 .000 .000
N 50 50 50 50 50 50 50 50
students think |Pearson Correlation 430" -.378" -578" -.336" 569" 509" 1.000 -517"
scientifically |55 (2-tailed) 002 007 .000 017 .000 .000 .000
N 50 50 50 50 50 50 50 50
students are |Pearson Correlation -541" 443" 414" 4317 436" -.493" -517" 1.000

Jpored Sig. (2-tailed) 000 001 003 002 002 000 000
N 50 50 50 50 50 50 50 50

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).
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Appendix H - Pearson Correlation Analyses -1&84B (Perception of Gender Differences in StudéAttitudes)

gender gender gender gender differences -
differences | differences | differences | gender differences - | gender differences - | gender differences - understanding
- interest |- motivation| - hands-on | outdoor activities study duration extra help scientific concepts

gender differences |Pearson Correlation 1.000 858" 7707 512" 341" .350° 281"

- interest Sig. (2-tailed) .000 .000 .000 015 .013 .048

N 50 50 50 50 50 50 50

gender differences |Pearson Correlation 858" 1.000 668" 578" 415”7 346" .330]

- motivation Sig. (2-tailed) 000 000 000 003 014 019

N 50 50 50 50 50 50 50

gender differences |Pearson Correlation 7707 668" 1.000 430”7 385" 281 231

- hands-on Sig. (2-tailed) 000 000 002 006 048 106

N 50 50 50 50 50 50 50

gender differences |Pearson Correlation 5127 578" 4307 1.000 381" 374" 502"

- outdoor activities | i (2 tailed) 000 000 002 006 007 000

N 50 50 50 50 50 50 50

gender differences |Pearson Correlation 341" 415" 385" 381" 1.000 655" 277

- study duration i (2-tailed) 015 003 006 006 000 051

N 50 50 50 50 50 50 50

gender differences |Pearson Correlation .350° 346 281 374" 655" 1.000 516"

- extra help Sig. (2-tailed) 013 014 048 007 000 000

N 50 50 50 50 50 50 50

gender differences |Pearson Correlation 281" 330" 231 502" 277 516" 1.000
;;gﬂﬁgfctacgi'ggpts Sig. (2-tailed) 048 019 106 000 051 000

N 50 50 50 50 50 50 50

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).



Appendix H - Pearson Correlation Analysis - I838A (Perception of Scientific Approach; reversmled items included)

perception | perception | perception | perc. scientist - | perc. scientist - | perc. scientist - perception perception | perc. scientist - | perception
scientist - scientist - scientist - respect living respect integrity in scientist - scientist - respect scientist -
accuracy precision imagination things environment observation |experimentation | presentation evidence creativity
Iperception  |Pearson Corr. 1.000 .909” 635" 540" 498" 7127 225 137 741" 131
scientist - . .
accuracy Sig. (2-tailed) .000 .000 .000 .000 .000 129 .359 .000 .381
N 47 47 47 47 47 47 47 47 47 47,
perception  |Pearson Corr. 909" 1.000 659" 539" 468" 700" 211 .169 696" .163]
scientist -\ i (2-tailed) .000 .000 .000 .001 .000 154 257 .000 272
precision
N 47 47 47 47 47 47 47 47 47 47,
perception  |Pearson Corr. 635" 659" 1.000 681" 695" 7147 .309" 173 679" 5107
scientist- i (> tailed) .000 .000 .000 .000 .000 034 245 .000 .000
|mag|nat|on
N 47 47 47 47 47 47 47 47 47 47,
Iperception Pearson Cor. 540" 539" 681" 1.000 951" 633" 110 176 6307 224
scientist - . .
respect living Sig. (2-tailed) .000 .000 .000 .000 .000 463 237 .000 .130
things N 47 47 47 47 47 47 47 47 47 47,
perception  |Pearson Corr. 498" 468" 695" 951" 1.000 611" 120 187 644" .208]
Sclentist-\ gi (2-tailed) .000 .001 .000 .000 .000 423 209 .000 161
respect
environment (N 47 47 47 47 47 47 47 47 47 47
perception  |Pearson Corr. 7127 700" 7147 633" 611" 1.000 342 272 732" 141
scientist -\ i (o tailed) .000 .000 .000 .000 .000 019 064 .000 345
integrity in
observation |N 47 47 47 47 47 47 47 47 47 47
perception  |Pearson Corr. 225 211 .309" 110 120 342 1.000 551" 457" 533"
scientist- i (2-tailed) 129 154 034 463 423 019 .000 .001 .000
experlmentat
ion N 47 47 47 47 47 47 47 47 47 47
perception  |Pearson Corr. 137 .169 173 176 .187 272 551" 1.000 .354" 447"
scientist- i (2-tailed) 359 257 245 237 209 .064 .000 015 .002
presentatlon
N 47 47 47 47 47 47 47 47 47 47,
perception  |Pearson Corr. 7417 696" 6797 630" 644" 732" 457" 354" 1.000 .270)
fggggt © |sig. (2-tailed) .000 .000 .000 .000 .000 .000 .001 015 066
evidence N 47 47 47 47 47 47 47 47 47 47
perception  |Pearson Corr. 131 .163 510" 224 .208 141 533" 447" 270 1.000
scientist -\ i (o tailed) .381 272 .000 130 161 345 .000 .002 .066
creathlty
| N 47 47 47 47 47 47 47 47 47 47,

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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Appendix H - Pearson Correlation Analysis - |83 (Beliefs about Scientists and S&T; reversaksd items included)

gender belief science perception attitude to scientists | scientists are| perception - | perception perception of perception of
equality interest is scientists are | science and mainly devoted to real world technol. - scientists - scientists -
scientists | gender neutral | knowledgeable | technology | researcher work science environment asocial introverted
Jgender equality |Pearson Corr. 1.000 .153 -.180 -.209 -.248 .026 -.043 -.006 -.142 .094
sclentists Sig. (2-tailed) 306 227 158 097 863 777 968 347 532
N 47 47 47 47 46 46 46 47 46 46
belief science  |Pearson Corr. 153 1.000 376" .054 -.248 234 .189 -.082 179 .396
interest is Sig. (2-tailed) 306 .009 716 .096 118 208 583 235 .006
gender neutral
N 47 47 47 47 46 46 46 47 46 46
perception Pearson Cotr. -.180 376" 1.000 .183 .055 532" -119 -.002 191 162
scientists are . .
Sig. (2-tailed) 227 .009 219 717 .000 432 .990 .204 .282
knowledgeable
N 47 47 47 47 46 46 46 47 46 46,
attitude to Pearson Corr. -.209 .054 .183 1.000 .251 .384" .021 .265 146 -.079
science and . )
technology Sig. (2-tailed) .158 716 .219 .093 .009 .890 072 .334 .603]
N 47 47 47 47 46 46 46 47 46 46
scientists mainly|Pearson Corr. -.248 -.248 .055 .251 1.000 .088 -.180 -.097 -.210 -.358
Jresearcher Sig. (2-tailed) .097 .096 717 .093 560 238 522 162 015
N 46 46 46 46 46 46 45 46 46 46
scientists are  |Pearson Corr. .026 234 532" 384" .088 1.000 -.188 353 .253 .066,
devoted towork | 0 5 tailed) 863 118 .000 .009 560 215 016 .090 665
N 46 46 46 46 46 46 45 46 46 46,
Iperception - real |Pearson Corr. -.043 .189 -119 .021 -.180 -.188 1.000 -.089 -.194 -.167
world science ) )
Sig. (2-tailed) 777 .208 432 .890 .238 215 .558 .202 274
N 46 46 46 46 45 45 46 46 45 45
Iperception of Pearson Corr. -.006 -.082 -.002 .265 -.097 353" -.089 1.000 .251 -111
[rewtechnol. - 1 5 tailed) .968 583 .990 072 522 016 558 .093 462
environment
N 47 47 47 47 46 46 46 47 46 46
Iperception of  |Pearson Corr. -.142 179 191 .146 -.210 .253 -.194 .251 1.000 .689""
Z(;l(()egglsts - Sig. (2-tailed) 347 235 204 334 162 .090 202 .093 .000
N 46 46 46 46 46 46 45 46 46 46
perception of  |Pearson Corr. .094 396" 162 -.079 -.358" .066 -.167 -111 689" 1.000
I?C'e”t'Sts . Sig. (2-tailed) 532 .006 282 .603 015 665 274 462 .000
introverted
| N 46 46 46 46 46 46 45 46 46 46

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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