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Rationale

Prince Edward Island invests a significant amount of public resources in the
provision of K-12 education. It is the responsibility of educational leaders to determine
how this funding is used to maximize student achievement and student learning in an
efficient and equitable manner. Presently, minimal data exist on the general beliefs of
science teachers in P.E.L and specifically on factors that our science teachers believe
affect student achievement. Gaining a deeper knowledge of teachers' beliefs about
factors affecting student achievement carries considerable educational significance.
Therefore, this study explored secondary science teachers’ beliefs in relation to the
context for teaching/learning and professional issues. The specific research questions
that guided the study are:

e What factors do scie e chers believe affect student achievement in science?;
and
e To what extent do teacher beliefs become enacted in classroom practice?

The significance of t|  study is to inform decision-making regarding science-
related initiatives at the school, district, and provincial levels. Knowing how well
students are achieving in science, the factors that affect science achievement, and our
teachers’ beliefs surrounding factors fecting student achievement are crucial to the
creation and implementation of policy, curriculum, professional development, and school
development lans. Essentially, educational leaders must identify and understand the
nature of the deep-rooted beliefs of the members of their educational community and

have access to a comprehensive compilation of correlational and causal data involving

factors affecting student achievement. “If the ultimate goal of research on teaching is to
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these constructs are inseparable. Cross (2009) defined beliefs as “embodied conscious
and unconscious ideas and thoughts about oneself, the world, and one’s position in it,
developed through membic  pin' ious social groups; these ideas are considered by
the individual to be true” (p. 326). Kagan (1990) defined beliefs as “the highly personal
ways in which a teacher understands classrooms, students, the nature of learning, the
teacher's role in a classroom, and the goals of education” (p. 423). Having reviewed
seminal research on teachers eliefs, Pajaras (1992) articulated that “teachers’ attitudes
about education- about scl ng, teaching, learning, and students - have generally been
referred to as teachers’ beliefs” (p. - 3). For the purpose of this study, teacher beliefs
will be defined as such. T challe : of this and other research involving beliefs is to
have confidence that the belief inferred, as Pajaras (1992) describes, “is a reasonably
accurate representation of an individual’s judgment of the truth or falsity of a proposition
that can only be inferred from a col tive understanding of what people say, intend, and
do” (p. 316).

Several studies (e.g. Ball : & Czerniak, 2001; Cross, 2009; 2001; Eberle, 2008;
Nespor, 1985; Pajaras, 1992; Snider & Roehl, 2007) have indicated that teachers' beliefs
have strong implications for e way they practice teaching. There is considerable
evidence to suggest that deep-rooted beliefs are very difficult to change. Cross (2009)
described that “beliefs develop over years of schooling and experiences in various
communities, and so tend to  nain intact despite educational attainment or teaching
experience” (p. 326). Having revie' | decades of seminal research on teacher beliefs

from prominent researchers, Pajaras  992) had indicated that when “metaphysical and
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were more favorable of high-CT activities to low-CT activities relative to in-service
teachers. The data also showed that the in-service teachers had strong beliefs about
perceived learner advantages 1d the need for differentiation of the CT-level of

instruction.

Professional Issues

This section of the literature review describes beliefs about factors affecting
student achievement that a ¢ to professional issues. For the purposes of this
study, professional issues are non-pedagogical in nature and include issues such as those
related to student and family chara istics, teacher efficacy, and outcome expectancy.

“In education, self-efficacy |  generally been defined as the belief that one’s teaching

ability is related to positive cl s in students’ behaviors and achievement levels, and
outcome expectancy is the beliei any t her, in spite of all other factors, can bring
about positive student bel  ior hievement” (Cz  iak & Lumpe, 1996, p. 249).

Student and family characteristics.

In a study of the relation between teachers' beliefs about the importance of good
student work habits, teach.  slanni  and student achievement, Fuchs, Fuchs, and
Phillips (1994) found that tho ers with high standards and strong beliefs about the
importance of good student work h  its and classroom behavior reported that they
planned their lessons with greater responsiveness to individual student performance and

effected greater student achievement. Furthermore, “teachers who hold stronger beliefs
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about the importance of work habits and classroom behavior also appear to practice better
instructional methods” (Fuchs, 1994, p. 342). Fuchs et al. also claimed that the high
expectations may have more to do with teachers’ commitment to having students in their
classes work hard and a belief in their own capacity to obtain student achievement. The
latter describes teacher sel ~ Ticacy beliefs which is elaborated on later in this section.
Harris and Goodall (2008) explored the relationship between par  al engagement
and student achievement among 314 respondents (parents, teachers, students) from 20
schools. Their findings indicated t  there is a major difference between involving
parents in schooling and e ng parents in learning. Although the involvement of
parents in school activities  ; an important social function, Harris and Goodall (2008)
claim that the evidence shows at it has little impact on subsequent learning and
achievement. However, the “paren  engagement in children’s learning in the home
makes the greatest difference to stt nt achievement” (Harris & Goodall, 2008, p. 277).
Furthermore, Harris and Goodall (2008) claim that the literature suggests that among the
non-school factors affectit  studen' hieven 1t such as socioeconomic status, parents’
educational attainment, family stru ire, and ethnicity, it is parental engagement that is
the most strongly connected to achievement and attainment. Having made this claim is
also clear that these other factors are not mutually exclusive of parental engagement as
Harris and Goodall (2008) indicate  at “it is clear that powerful social and economic
factors still prevent many parents from fully participating in schooling” (p. 277) and
“there is evidence that parer e :ment increases with social status, income and

parents’ level of education” (p. 286). Similarly, the Snider and Roehl (2007) study
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in education, number of years of teaching experience, courses presently teaching,
participation on a science curriculum committee, and gender) of teacher demographic
data obtained. For each of the fourteen topics in Part 11 of the adapted survey,
Spearman’s rho were performed between teacher beliefs about the necessity of a topic to
be an effective science teacher and the degree of implementation of the topic in their
classroom. Qualitative methods were used to analyze data from the open-response items
by coding responses into categories  g., time) and sub-categories (e.g., curriculum,
preparation) that emerged from the data (see Research Findings, Table 4-6). Descriptive
statistics were then gathered to describe the frequency of the sub-categories that were
identified in teacher responses to the open-response question items.

Professional issues.

The descriptive statistics described the percentages of teachers responding to the
25 items related to self-efficacy and outcome expectancy. Mean response and standard
deviations were provided for both of these scales by assigning a numeric value to the
response options. Pearson’s chi squared analyses were performed on responses to the 25
professional issues items to identify if statistically significant differences existed between
sul  oups of the five cati  ries (ur aduate major in science, highest level of degree
in education, number of years of teaching experience, courses presently teaching, and
gender) of teacher demographic data obtained.

As the 25 items used in this  t of the survey assessed two scales (Self-Efficacy,
Outcome Expectancy), a more relevant statistical analysis was employed by creating a

Combined Self-Efficacy and a Combine Outcome Expectancy scale. These scales were
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likely due to ineffective science teaching.); however, a combined frequency of
“Disagree” and “Strongly Disagree™ of 89% was reported for this item. Furthermore,
teachers with strong outcome expectancy beliefs were expected to select “Disagree” or
“Strongly Disagree” to question PI10_OE (The low science achievement of some
students cannot generally be blamed on their teachers.); however, a combined frequency
of “Agree” and “Strongly Agree” of 84% was reported. Although these two outcome
expectancy items showed consistency in teacher responses, they both indicate low
outcome expectancy beliefs. The data in Table 4.8 shows a clear divide among teachers’
responses in the remaining ten items related to outcome expectancy as at least 84% of the
teacher responses fell into the combined frequency “Agree” and “Disagree” categories,
with each category representing a minimum of 22% of the total responses.

Pearson’s chi squared tests, which identified a statistically significant difference
(p< 0.05) between teacher demographic data groups and the data obtained for each of the
twenty-five items related to profess  al issues (self-efficacy; outcome expectancy), are
listed in Table 4.9.

The 13 items related to self- icacy were combined into a single self-efficacy
scale. The negatively coded items were re-coded by assigning the values 1 through 4 to
the response options “strongly ag  ’through “strongly disagree”, respectively.
Descriptive statistics perfc  :d on :combined self-efficacy scale yielded a mean
3.3049, median of 3.2308, and skewness statistic of -0.176. The value of Cronbach’s
alpha was 0.852. Independent sample t-test comparing teacher demographic data to the
data contained in the combined self-efficacy scale is provided in Table 4.10. The results
show a statistically significant difference (p <.05) between groups related to degree held,

1(80) = 2.89, p <.01 (science degree, no science degree) and level taught [#(80) = 2.18,
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Content knowledge d passion for the content taught were identified most
frequently by respondents as factors that enhance one’s ability to be an effective teacher
of science. More than one-third (39%) and nearly one-third (32%) of respondents
identified content knowledge and passion for the content taught, respectively, as factors
that enhance their ability to be effective teachers of science. Passion for students and
teaching was identified as the third most frequent (22%) factor that enhances one’s ability
to be an effective teacher of science. Other factors identified include pedagogical
knowledge (13%) and passion for I ning (17%).

The final open-response que ons asked the following: What primary factor(s)
presents challenges to your ability to be an effective teacher of science?
Sixty-nine of the eighty-two partici  1ts responded to this question. Categories and sub-
categories emerged from participant responses (see Table 4.12). Table 4.12 provides the
frequency in which each of the sub-categories was identified in survey participant
responses (eg. 18 survey p.  :ipants identified preparation time in their responses).
Furthermore, the percentage frequ :y provided in Table 4.12 was determined by
dividing the frequency val by the tal number of survey participants who responded to
the open-response survey items (eg. 3 of the 69 participants, or 26%, identified
preparation time in their response to this open-response item). As participants were able
to identify more than one factor in their responses, the total percentage provided in Table

4.12 exceeds 100%.













65
those things combined.” Similarly, Susan indicated that her beliefs have been shaped by
her educational experience, socio-economic background, and the environments in which
she has taught. Brian, Richard, and icky had provided responses that focused more on
one particular factor to the question concerning what shaped their beliefs about student
learning. Jacky indicated her upbrii  ng played a key role in shaping her beliefs. She
grew up in rural Newfoundland in & rge family of six children who were all different.
She indicated that the number one factor that shaped her beliefs about effective student
learning arose from the fact that son members of her family had difficulties learning.
Consequently, she recognized atan  ly stage in her career that her upbringing appeared
to permit her to better recognize differences among students. She stated, “When I started
teaching or doing education, . ticed in my practice teaching, in my 4 months of
practice teaching and in my first year, that you could tell that every student is different;
therefore, their upbringing, I could t , just like mine, affected the way they learn.”
Brian focused more on his classroom experiences as the key factors that shaped his
beliefs. Brian stated,
The things that shaped my bi  2fs as to what: ects student learning would, by
the most part, be classroom experience. Some of it was based on what I did learn
in my B.Ed. program witt :spect to research findings from as far back as Piaget,
Vigotsky, constructivism and behaviourism, and what not. But what really shaped
my beliefs was more what I actually saw at the practical level in the classroom.
Richard indicated that his life experiences shaped his beliefs. However, he did focus on a
particular learning experience with a particular teacher as a pivotal moment that shaped

his beliefs. He indicated that “everybody has that pivotal moment when they look back

and something, either great, or bad, happened and they used that to make the decisions.”
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by stating that there may be “more emphasis being placed on it in teacher education
programs now than there was years ago.” Kara offered another explanation that focused
on potential differences in learning experiences of the two groups. Kara stated that “it’s
probably a reflection of their own experiences, because our own learning experiences are
so much more an influence on how we teach, 1 think, than anything else.” Jacky was
surprised by the difference and did not provide an explanation.

Science subject matter — teaching experience.

The survey results showed t  teachers with more than five years experience
reported a higher frequency of very cessary responses regarding science subject matter
as compared to those teachers with  to five years experience. Richard, Kara, and Brian
described that knowledge comes with experience and the importance of knowledge of
science subject matter is only after having taught for several years. Brian
summarized this explanation by describing that “those with greater experience do realize
that it takes time to figure out where the bugs are. It takes time to appreciate that there are
questions in this conception that are going to come up with the course and those with less
than five years perhaps aren’t even going to know that as of yet.” Richard reflected on
the past three years and stated, “l know my stuff better after teaching for three years than
1 did on that first yearand 1 1ow t  my students are better off as a result.”

Science subject matter — science degree (B.Sc.).

The survey results showed t|  teachers with a science degree reported a higher
frequency of very necessary responses regarding the importance of science subject matter

as compared to those teachers with no science degree. Kara was surprised by the findings
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them to learn, or they simply don’t care.” Similarly, Kara stated that “good teaching
alone can’t do it.” Kara's primary concern was that there is often a wide gap in
knowledge and skills among students and because of this gap Kara claims that “‘we are
not going to bring them up to where they need to be.” Furthermore, Kara described that
there are many students in our system with learning disabilities that are undiagnosed.
She indicated that we need to have  formation about the children and the children
themselves need the information as  :ll. Susan also supported the idea that there are
many outside influences. She provided “student motivation, whether or not they do their
homework, whether or not they pay attention in class, and whether or not they are
engaged in the subject™ as possit  factors that have a high influence on student
achievement and learning. Furthermore, in relation to student achievement and learning,

9 &

Susan indicated that the sti  nts :kground, previous education, and intelligence may
have much more to do with it.” Richard also claimed that there are many factors that
affect student learning. He described that “not every kid is going to have a career in
science and some are not necessarily going to succeed in science. But, if you can possibly
make them leave your classroom a little bit better than they were whenever they came in,
they still m™ it not be goi  out with 90s but if you  rove them a little bit, well then
you’ve done the best you can do.”

In summary, interviewees were not surprised by the reports of high self-efficacy
and of low outcome expectancy among the secondary science teacher population.

Although the interviewees indicated that they believed that most teachers view

themselves as very compet  at teaching, they indicated that there are many factors that













81

how to teach science, their understanding of the nature of science, and their general
beliefs about teaching chilc 1. For example, Wallace and Kang (2004) reported that the
culturally based beliefs of exam preparation and efficiency of curriculum coverage stood
in contrast to teachers’ personal learning goals related to inquiry. The personal learning
goals expressed by teachers (e.g., independent thinking, creativity, and deriving ideas
from patterns in data) in the W lace and Kang (2004) study were not explicitly mandated
in curriculum; therefore, teachers struggled to reconcile their personal goals for their
students with the goals mandated by curriculum.

In a critical review of the literature on improving science teachers' conceptions of
nature of science (NOS), Abd-El-Khalick and Lederman (2000) indicated that “several
variables have been shown to mediate and constrain the translation of teachers’ NOS
conceptions into practice. These varia s include pressure to cover content, classroom
management and organizational principles, concerns for student abilities and motivation,
institutional constraints, teachii e :rience, discomfort with understandings of NOS,
and the lack of resources and experiences for assessing understandings of NOS™ (p. 670).

The data obtained from the icher interviews in this study suggests similar
findings. The nature of science was specifically described by interviewees as having a
low fre iency of implementation due to the amount of time it takes to engage students in
the nature of science, as well as the low teacher comfort levi  with addressing the nature
of science and scientific inquiry. In general, teachers were asked on the survey to
respond to the statement, “Explain why differences exist (if they do exist) between topics

that you believe are necessary to be an effective science teacher and the degree of



implementation of these topics in your teaching practice.” Time was the predominant

factor that survey respondents identified to explain why differences exist between topics
that teachers believe are necessary to be an effective science teacher and the degree of
implementation of these topics in their teaching practice. Nearly half (47%) of
respondents identified the  k of time required to meet curriculum expectations as
contributing to existing differences between beliefs and implementation. This would
suggest that certain practices, although believed to be important to science education, are
not implemented as frequently as o  would like because of the time it takes to execute
the practice. The second most frequent factor identified was preparation time. More than
one in five (21%) respondents identified preparation time as a contributing factor.
Similarly, when asked on the survey to identify what primary factors present challenges
to one’s ability to be an effective teacher of science, preparation time was the most
frequently (26%) reported factor and knowledge of content was the third most frequently
recorded factor (17%).

Central to the teachit  of science and in fostering the development of scientific
literacy among students is a forr  understanding of the nature of science, and conveying
this essence of science to students. “Scientific literacy is an evolving combination of the
science-related attitudes, skills, and knowledge that students need to develop inquiry,
problem-solving, and decision-mal ; abilities, to become lifelong learners, and to
maintain a sense of wonder Hout the world around them” (Atlantic Prov :es Education
Foundation [APEF], 1998). In developing the attributes of scientific literacy, it must be

first understood that the purpose of science is to gain an understanding of the natural
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world, and “the principal product of science is knowledge in the form of naturalistic
concepts and the laws and theories related to those concepts” (National Science Teachers
Association [NSTA], 2000). The nature of science begins with a formal understanding of
the meaning of scientific law and scientific theory, and that the reliability of current
scientific knowledge is based on present contexts that can change as new evidence is
obtained or a more accurate model is created to represent and explain present evidence.
According to Lederman (as cited by Abd-El-Khalick & Lederman, 2000), the nature of
science “typically refers tc e ¢] 10logy of science, science as a way of knowing, or
the values and beliefs inherent to the development of scientific knowledge” (p. 666).
Although no single univer  ly used and agreed upon scientific method exists (Abd-El-
Khalick and Lederman, 2000; APEF, 1998; NSTA, 2000; NSTA, 2004; Wallace and
Kang, 2004), it is generally understood that the acquisition of scientific knowledge calls
“for naturalistic explanati ~ supported by empirical evidence that are, at least in
principle, testable against the naturi world” (NSTA, 2000) and that these explanations
and evidence are not solely based ¢ observation, but are socially constructed and are
based, in part, by “rational argumer inference, skepticism, peer review and replicability
of work™ (NSTA, 2000). The National Research Council (1996) defines scientific
inquiry as “the diverse ways iny  ch scientists study the natural world and propose
explanations based on the evidence rived from their work.” They further elaborate on
scientific inquiry by stating itit* so refers to the activities through which students
develop knowledge and understanding of scientific ideas, as well as an understanding of

how scientists study the natural world.”
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Practical scientific inquiries can play an important role in developing students’
understanding of the epistemology of science - of the relation between evidence and
theory (Watson & Swain, 2004). To foster an understanding of the nature of science,
teachers must not only teach about the nature of science and its importance, but also
engage students in experiences related to the nature of science. Only explicit teaching
about the nature of science I Is to any epistemic improvement in pupils’ knowledge and
understanding (Osborne, Erduran, S on, & Monk, 2001). Similarly, in strong support
of the National Science Education ! 1dards (NSES), the NSTA (1998) asserted that
“inquiry should be viewed an instructional outcome (knowing and doing) for students
to achieve in addition to its use as & :dagogical approach.” In their official position
statements concerning scientific ing ry as a teaching approach, the NSTA (2004)
declared that teachers plan 1 inquiry-based science program that “[implements]
approaches to teaching science that [causes] students to question and explore and to use
those experiences to raise and answer questions about the natural world™ and that
teachers “guide and facilitate lez ing using inquiry by selecting teaching strategies that
nurture and assess the students devi Hping understandings and abilities.”

Wallace and Kang (2004) ir  :ated that several recent studies suggest that
inquiry-based learning can be  very successful practice for those teachers “who persist in
promoting inquiry, either by posing interesting questions for students to answer, or by
facilitating children to pose their own questions™ (p. 939). Wallace and Kang (2004)
provided two reasons, gleaned from several studies, to explain the success in practices

involving inquiry-based learning. The first reason included positive student attitudes
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pupils and teachers. Regarding institutional factors, Mumtaz (2000) explained that
schools provide no ICT support network for teachers and give little time to teachers to
manage and become familiar with ICT. Furthermore, Mumtaz’s (2000) findings from the
literature review suggests that “the teacher factors that involved beliefs about the way the
subject should be taught and skills associated with competence in managing classroom
activities and computer-handling technical skills were the most influential in teachers’
use of computers™ (p. 337). Likewise, Lim and Khine (2006) concluded that although
teachers strive to integrate ICT into the curricula, many are faced with barriers that affect
the effective integration. Lim ar  Khine (2006) explain that “while first-order barriers
hinder some teachers that include limited time, training, and support, others struggle to
overcome second-order barriers inc  ding their own beliefs of how their students learn
and how ICT can be used to facili learning” (p. 118). The British Educational
Communications and Technology Agency (BECTA), a lead partner in the United
Kingdom strategic develo} :nt d delivery of its e-strategy for the schools and the
learning and skills sectors produced a series of documents titled “What the research says”
to provide a summary of available research evidence for the use of ICT. The key barriers
to the use of ICT in teachii  identified through a* ety of current research publications
and compiled in the BECTA (2003a) publishing titled, What the research says about
barriers to the use of ICT in teachi  include: “lack of access to appropriate ICT
equipment; lack of time for training, exploration, and preparation; lack of models of good

practice in ICT; negative attitudes towards computers in education; computer anxiety and
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a lack of confidence; fear« cha :and a lack of personal change management skills;
unreliable equipment; and lac  of technical, administrative and institutional support.”

The data from this study also suggests that barriers to the use of electronic
learning exist. Electronic learning was specifically described by interviewees as having a
low fre 1ency of implementation due to the low availability of technology resources.
Furthermore, interviewees cated that the low frequency of implementation of
electronic learnii  could also be tributed to teacher comfort level with technology. In
general, teachers were asked on the survey to respond to the statement, “Explain why
differences exist (if they do exist)  ween topics that you believe are necessary to be an
effective science teacher and the di  ee of implementation of these topics in your
teaching practice.” Nineteen percent respondents identified equipment and 13 % of
respondents identified general resources as contributing factors that explain why
differences exist between topics  at they believe are necessary to be an effective science
teacher and the d  ee of implementation of these topics in their teaching practice.
Similarly, when asked on the survey to identify what primary factors present challenges
to one’s ability to be an effective tt  her of science, equipment was the second most
frequently (20%) reported factor. It is important to note that the type of equipment and
resources that are lacking was not reported in the teacher responses to the survey
question. Therefore, further research is needed to identify the specific electronic learning
resources and equipment required to more effectively teach science.

The Canadian Council on Learning (2009) report entitled The State of E-Learning

in Canada suggests that “a flexible proach to edu ion and training is essential to
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prepare Canadians for the 21st century. This broadened paradigm will involve the full
integration of learning technologies into education and training” (p. 5). The NSTA, in
their position statement entitled, “The Role of E-Learning in Science Education”, state
that “E-Learning can and should significantly enhance science teaching and learning”
(NSTA, 2008). The NSTA (2008) supports E-Learning as a promising way: to more
effectively provide access to concepts; to meet the need of those students whose prefered
mode of learning involves digital technologies; and to provide future workers with skills
that are critical to succeed in a 21* century workplace. Furthermore, the NSTA (2008)
declares that E-Learning should st  ithen science teaching and learning by providing
active and constructive learning experiences where students gather, analyse, and
communicate data usingd :al tecl »>logies that simulate real-word problems and mimic
the processes of sciencea advan  ients in science in the real world. Complementing
the NSTA position, a variety of cu 1t research publications articulating the key benefits
of ICT in science education were compiled in the BECTA publishing titled What the
research says about ICT in science. The BECTA document states that “ICT increases
opportunities for communication and collaboration; ICT can make science more
interesting, authentic and relevai  ICT allows more time for observation, discussion and
analysis; and using ICT increases opportunities for communication and collaboration”

(BECTA, 2003b).

Professional ues
Prince Edward Island science teachers reported having high self-efficacy beliefs

which suggests that they have strong beliefs in their own ability to affect student
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achievement in science. This was indicated by consistently strong responses to each of
the thirteen items related to self-efficacy on the survey. Although self-efficacy beliefs
were strong for each item, a statistically significant difference on the combined self-
efficacy scale existed between senior high and intermediate teachers and between
teachers who hold a science deg  and those that do not. The data suggests that teachers
who do not hold a science degree and those who teach at the intermediate level have
lower self-efficacy beliefs. A possible explanation for this finding could be related to
teacher content knowledge. More than one-third (39%) of survey respondents identified
content knowledge as a factor that  1ances their ability to be effective teachers of
science. It could be assumed that teachers who do not have a science degree have lower
self-efficacy because they may have less content knowledge. Furthermore, low content
knowledge could also be attributed to the lower self-efficacy of intermediate science
teachers as intermediate science courses include a broader selection of topics that involve
a combination of physical science, life science, and earth-space science topics.

The outcome expectancy belief data shows a divide among teachers’ responses in
ten of the twelve items included on the survey. At least 84% of the teacher responses to
these items fell into the combine frequency ‘Agree’ or ‘Di  ee’ ries, with either
agree or disagree represent g a minimum of 22% of the total responses. Although the
data was shared among the ¢ -ee’ and ‘disagree’ responses, there was no statistically
significant difference between groups on the combined outcome expectancy scale.
Teacher responses were more unified on two of the outcome expectancy items. Eighty-

nine percent of teachers selected either ‘disagree’ or ‘strongly disagree” to the item which
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states, “If students are underachieving in science, it is most likely due to :ffective
science teaching.” Furthermore, 84% of teachers responded either ‘agree’ or ‘strongly
agree’ to the item which states, “The low science achievement of some students cannot
generally be blamed on the teachers.” The responses to these items both suggest low
outcome expectancy beliefs. Interview participants were asked why they believe
outcome expectancy to be low among P.E.I. secondary science teachers, while self-
efficacy appears to be relatively high. Responses from interview participants all
indicated that outcome expectancy was reported lower than self-efficacy because there
are many factors that affect student learning that are beyond the control of the classroom
teacher. Factors mentioned by interviewees include student apathy, motivation,
homework, knowledge, and learning disabilities. In a review of the literature, Abd-El-
Khalick and Lederman (2000) identified a variety of situational factors that have been
shown to mediate and constrain teacher conceptions into practice. Those factors beyond
the control of the classroom teachet cluded pressure to cover content, concerns for
student abilities and motivation, in« utional constraints, and the lack of resources.
Snider and Roehl (2007), in a study of teacher’s beliefs about pedagogy and related
issues, reported that over half of the 344 teachers in their study “believed that factors
such as home environment or dyslexia prevent children from learning basic skills despite
the schools’ best efforts” (p. 873).
Implications

This section of the discuss  will describe implications of the findings related to

the nature of science, electronic learning, and self-efficacy. Each of these contexts
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suggests that teachers be provided with ongoing professional development.
Consequently, the final subsection « the implications section will describe what research
says about the nature of professional development opportunities for teachers.

The nature of science.

The data collected on The Nature of Science (NOS) suggests that although the
majority of teachers believe strongly in this topic, more work needs to be done to support
the inco oration of the nature of science in the teaching and learning of science. Based
on the relatively low frequency of implementation of the NOS and in consideration of the
interview data suggesting time ¢« s lints and low teacher comfort level with regard to
incorporating the nature of science into everyday teaching and learning, targeted
strategies that illustrate effective and efficient methods of incorporating the nature of
science must be described and modeled for secondary science teachers (professional
development is described later in this section). This finding may also have implications
for teacher candidates. Teacher date preparation courses should be reviewed to
ensure that methods of addressing tl  nature of science are clearly identified within the
course frameworks. Furthermore, the low implementation of the nature of science and
scientific inquiry may have policy implications. Currently, the nature of science and
scientific inquiry are addr ied per  ively in Prince Edward Island’s science curriculum
documents in a section that does )t contain the specific curriculum outcomes. Specific
curriculum outcomes, which identify what students are expected to know and do, are
clearly articulated in curriculum documents; however, how teachers target the outcomes

to foster student learning is suggestive only. Perhaps, as recommended by the NSTA
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(1998) and Wallace & Kar  (2004), scientific inquiry and the nature of science should be
made explicit as specific curriculum outcomes within the science curriculum documents.
This recommendation would provide secondary science teachers with more guidance
regarding topics that are conducive to addressing the nature of science and pedagogical
suggestions (e.g., historical case studies, explicit teaching of the nature of science,
science-technology-society  riror :nt connection) as to how to engage students in the
nature of science with select science content. The challenge of this suggestion is to
identify the balance betwe the specific outcomes that explicitly incorporate the nature
of science and scientific inquiry and those knowledge and skill outcomes that may be
addressed entirely at the discretion of the science teacher.

Electronic learning.
Electronic learning was also  orted as having a relatively low implementation
frequency. The interview datas  :sted two possible reasons for the low
implementation. The firstre ons ested that the low availability of resources inhibits
the use of electronic learni.  in classroom practice. This finding is consistent with
research literature (BECTA, 2003a; Mutmaz, 2000). It is important to acknowledge that
for some teachers, resources are preventing them from implementing beliefs that they feel
are necessary to be an effective science teacher. Therefore, future research should
investigate school science and technology resources, and their availability. Furthermore,
research must be conducted to ta :t the type of resources required at each level in order
to identify the gap between what is currently available and what is required. A long-term

technology plan must be created to ensure that Island teachers and students always have
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the necessary technology resources to assist with the efficient and effective teaching and
learning of science. The second reason for the low frequency of implementation of
electronic learning, provided by the interview data, was attributed to teacher comfort
levels with technology. However, it is not apparent from this study if teachers are
uncomfortable with their technol:  cal knowledge, technological pedagogical content
knowledge, ability to troubleshoot when problems with technology arise, or a
combination thereof. Low t :her competence with technology and ICT integration,
computer anxiety and a lack of confidence with the use of technology, lack of models of
good practice, and lack of technolo :al support are examples of barriers to the use of
ICT that have been reported in the research literature (see BECTA, 2003a; Lime &
Khine, 2006 ; Mutmaz, 2000). Consequently, schools and school districts must have an
available technical support mect ism in order to mitigate issues related to teacher
confidence with technology. Furthermore, ongoing professional development
opportunities must be made available to teachers in order to allow them to observe
models of successful ICT integration and to build their technological pedagogical content
knowledge involving ICT integr on (professional development is described later in this
section).

Self-Efficacy.

Regarding professional issi , although self-efficacy beliefs were strong, the data
suggests that teachers who do not hold a science degree and those who teach at the
intermediate level have a lower sel ~ Ticacy. It was described earlier in the discussion

that low content knowled_ may : the linkage between self-efficacy and the two groups
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of demographic data. Furthermore, when asked on the survey “What is the primary
factor(s) that enhances your ability to be an effective teacher of science?” the most
frequently identified factor (39%) was content knowledge and the second most frequently
identified factor (32%) was passion for the content. This data supports the findings of the
Swackhamer, Koellner, Basile, and Kimbrough (2009) study which reported that in-
service teachers’ outcome-efficacy increased in teachers who have taken a larger quantity
of math or science content courses. Furthermore, the qualitative data obtained from the
Swackhamer et al. (2009) stt  'inc 1ited that teachers who enrolled in a larger number
of math and science content courses reported that they had gained additional content
knowledge in the areas of math and science which in turn gave them more confidence to
teach these subjects from day to day. Consequently, schools, school boards, and the
Department of Education need to work together to identify science educators with low
content knowledge and low self-efficacy beliefs, and to provide a mechanism by which to
assist them in building content knowl¢ e and confidence in their ability to teach science
effectively. One possible mechanism to assist with building content knowledge,
pedagogical content knowledge, and efficacy could be to provide ongoing professional
development opportunities where novice and expert teachers can collaborate in
communities of practice (Bransford, Brown, & Cocking, 1999; Loucks-Horley, Stiles,
Mundry, Love, and Hewson, 2010). Collaboration among teachers in the content areas
may also mitigate issues related to preparation time. Preparation time was identified by
26% of survey participants  the primary factor which presents challenges to one’s

ability to be an effective teacher of science. Furthermore, preparation time was identified
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by 21% of survey participants as a reason why differences exist between teacher beliefs
and implementation of their beliefs.

Professional development.

Practicing teachers continuously learn about teaching in a variety of informal and
formal ways. These include classroom experiences, formal and informal interactions
with colleagues, formal training, Jate programs, and experiences separate from their
formal professional work. The quality of these learning experiences is difficult to
determine, “even when resources are formally provided for teachers' continued
development, opportunities for effective learning vary in terms of quality” (Bransford et
al., 1999, p. 180). Furthermore, Lc  ks-Horley et al. (2010) have indicated that several
studies have shown that ¢ extual tors such as professional culture, leadership,
systemic support and time for teacl  learning influence the type and quality of
professional development. Knowledge and beliefs about adult learners and professional
development have changed in the past few years as a result of recent studies that have
linked “quality professional development and teacher expertise with students’
opportunity to learn challenging m: iematics and science” (Loucks-Horsley et al., 2010,
p. 67). Consequently, Loucks-Hor. y et al. (2010) compiled a list of basic principles of
effective professional development which support the common vision for effective
science and mathematics education articulated by professional organizations (National
Council of Teachers of Mathematics, National Research Council) and standards for
teacher professional development (National Staff Development Council). Effective

professional development
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to integrate pedagogy within a content area. By integrating pedagogy directly within
content areas, participants are provided with an opportunity to develop their pedagogical

knowledge and content knowledge for teaching science.

Assessment-centered environments provide an opportunity for teacher learners to
test their new learning in their classroom practice. In the classroom, the feedback
received from students provides the teacher with evidence of success and identifies areas
of further development. Involving colleagues in the assessment of practice is also a
valuable technique that can be used to inform teachers if the new ideas work. Likewise,
the feedback from the teacher learners provide those delivering the professional
development with evidence of the success of implementation which can be used to
further tailor PD opportunit ;. Consequently, by asking the teacher learners for
feedback on the success of implem¢ ation of the new ideas in their classroom practice,
those providing the professional der opment are modeling the very assessment-centered

environment that they are asking the acher learners to engage in.

Community-centered environments encourage teacher collaboration and learning.
The development of communities of practice is an important approach to enhancing
teacher learning. “‘Research evidence indicates that the most successful teacher
professional development activities are those that are extended over time and encourage
the development of teachers’ learning communities” (Bransford et al., 1999, p. 192).
Communities of practice involve “collaborative peer relationships and teachers'

participation in educational ch d practice” (B orde 1999, p. 1895).
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Conclusion

This study served to explore factors that secondary science teachers believe affect
student achievement in science, and the extent to which teacher beliefs transfer to teacher
practice. It appears that teacher beliefs in each of the fourteen topics surveyed
(Classroom Management, L. ning Styles, Inclusion, Equity, STS, Formative
Assessment, Summative A« isment, Constructivism, Thematic Approach, Hands-
On/Minds-On Activities, The Nature of Science, Science Subject Matter, Electronic
Learning and Cooperative L¢ ni 1 are strong for most Prince Edward Island secondary
science teachers. The data showstl  beliefs and implementation of beliefs in classroom
practice e positively correlated. Regarding implementation, at least seventy percent of
teachers reported that they implemented all but two topics — The Nature of Science and
Electronic Learning — at least once a week. The data shows that other factors such as
curriculum time, preparation time, and equipment present barriers to the implementation
of beliefs in classroom practice. Similarly, preparation time and availability of
equipment were the most frequently identified factors that present challenges to being an
effective teacher of science. Continued provision for effective, ongoing professional
development opportunities and catalyzing the creation of, and supporting established
communities of practice may assi mitigating barriers that prevent science educators
from implementing practices that ey believe are important to be an effective teacher of
science.

In addition to strong bi  efs about the fourteen topics surveyed, P.E.I. secondary

science teachers reported havi  stro  beliefs in their ability to affect stuc  learnii
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(self-efficacy beliefs). However, it is apparent from the data that teachers believe that for
some students, there are other in iential factors that are preventing them from learning
despite the teachers’ best efforts 1d ability.

Further research that focuses on a single context for teaching and learning is
recommended to gain a deeper understanding of teacher beliefs and implementation of
their beliefs in classroom practice. Furthermore, the Sociocultural Model of Embedded
Belief System (see Figure 1.1) may be a promising lens to view future research on
individual context for teachir a irning topics. The Sociocultural model takes a
comprehensive look at teachers’ motivation to engage in an instructional practice based
on several reciprocal interactions volving teacher knowledge, skills, and attitudes
towards instruction and implementation of the practice. This model also examines how
environmental factors, environmental constraints, social norms, teacher efficacy, and
teacher epistemologies reciprocally interact with teacher knowledge, skill, motivation,
and attitudes.

Limitations of Study

This study involved secon iry science teachers of Prince Edward Island. The
findings should not suggest similar findings at other e levels in this province or any
grade level in other jurisdictions. Conclusions about the context for teaching and
learning topics should consider that the survey data collected regarding teacher beliefs
and the implementation of their beliefs were teacher reported and based on one survey
item per topic. The assessmi  and evaluation of data from multiple items and a broader

array of data collection techniques should provide a more accurate portrayal of teacher
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beliefs and the enactment of their beliefs in classroom practice. Furthermore, it is not
evident from this study which aspects of a topic tha! achers believe strongly in or
implement frequently. For example, a teacher may implement inclusionary practices
each day and feel strongly about inclusionary practices. However, it is not evident from
this stu + which inclusionary practice the teacher is referring to or is enacting in
classroom practice. A similar argument can be made for any of the other thirteen topics
surveyed. Further investigation of the context for teaching and learning topics involving
multiple data collection techniques, such as classroom visitations, is recommended in
order to provide a more accurate and comprehensive account of teacher beliefs and the

enactment of their beliefs in classroom practice.
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Appendix A: District Access Letters

Factors Affecting Student Achievement: A Study of Teachers’ Beliefs.

Jonathan Hayes
Memorial University of
Newfoundland

Dr. Kevin Macleod

Curriculum Delivery Department
Eastern School District

Prince Edward Island, Canada

Thursday, June 11, 2009
Dear Dr. Macleod:

SUBIJECT: PERMISSION TO SU VEY/INTERVIEW SECONDARY SCIENCE
TEACHERS

[ am a graduate student in the Masters of Education program at Memorial University of
Newfoundland. The focus of my research is on teacher beliefs pertaining to the context for
teaching/learning and professional issues. The specific objectives of the study are to investigate:
the factors that science teachers bel fect student achievement in science; and teacher
perceptions of how their beliefs are enacted in classroom practice. 1 am requesting your
permission to invite secondary science  :hers to participate in an online survey study involving
their beliefs. The survey will take approximately 5-10 minutes to complete. Furthermore, as a
second stage of this study, [ am also re.  sting your permission to conduct an interview with a
purposeful sample of secondary science teachers who have completed the survey. The purpose
of the interviews is to obtain  1itextual data and multiple perspectives through which meaning
can be constructed. Essentially, the int iew data will be used to corroborate the data collected
from the survey. The interview process will take approximately 45 minutes of the participant’s
time. The interview will be audio reco  d for accuracy of data collection. The data from the
audio recording will be transcribed to electronic print at a later date to assist in data analysis.

Study Rationale

Presently, minimal data in relation to science teacher beliefs and practice exist for PEI
science teachers. As decision-making surrounding the implementation of curriculum and
education policy must be informed by the evaluation of sound assessment of teacher beliefs, then
much attention to the beliefs of teachers and teacher cand  tes should be a focus of educational
research. The significance of this study is to inform decision making regarding science-related
initiatives at the school, district, and provincial levels.

Survey: Anonymity - Confidentiality — Consent

Participation in this sur ' is completely voluntary. Confidentiality and anonymity will
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be guaranteed as the survey will not be asking for teacher identification or contact information.
Furthermore, teachers will not be asked for information that will identify their school or school
board/district. Teacher consent to participate in this survey study will given by their submission
of a completed survey. Two reminders will be sent to all potential participants prior to the final
submission date.

Interview: Anonymity - Confidentiality — Consent

Participation in the in  /iew process is voluntary. Participants are free to withdraw from
the study at any time and also to withdraw any data that pertains to them. | (principal
investigator) will attempt to protect participant anonymity from those not directly involved in the
research. Specifically, pseudonyms will be used as identifiers on all data collected from the
interview and I will ensure that the research assistant (transcriber) complies with guidelines for
ethical research. [ will share my interpretations of the interview data (research summaries) with
participants to obtain their feedback prior to the publication of results. All data will be stored in a
locked cabinet in the office of the prin¢ il investigator (myself). The research assistant
(transcriber) and I will be the only individuals who will have access to the data. Furthermore, data
transcription will be done confidentially. Within five years of completing the research, all data
will be destroyed.

Participation Incentive

As a small incentive to participate in the survey, teachers will have an opportunity to win
one of ten $50 gift certificates at a local  staurant. Upon completion of the survey teachers will
be asked if they would likea  ince to enter a draw for a gift certificate. Should teachers choose
to participate they will be redirected to a separate website which will ask for their name and
contact information. Again, this personal information is completely independent of, and thus is
not linked to, their survey data. Furthermore, the participation incentive will be administrated by
a third party.

A paper representation of the 0 ne survey instrument is attached to this correspondence
for your review. Please advise if 1 have permission to invite your secondary science teachers
to participate in this online survey study and interview process.

Thank you for consideri my request. [ am happy to address any of your questions or
concerns. | can be reached at jghaye: Lpe.ca or via telephone at 902-393-5445.

The proposal for this research has been reviewed by the Interdisciplinary Committee on
Ethics in Human Research and found to be in compliance with Memorial University’s ethics
policy. If you have ethical concerns abc  the research (such as the way you have been treated or
your rights as a participant), you may contact the Chairperson of the ICEHR at icehr@mun  or
by telephone at (709) 737-8368.

Sincerely,

Jonathan Hayes
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Factors Affecting Student Achievement: A Study of Teachers’ Beliefs.

Jonathan Hayes
Memorial University of
Newfoundland

Tuesday, June 17, 2009
Dear Teacher:

I am a graduate student in the Masters of Education program at Memorial University of
Newfoundland. I am inviting you to participate in an online survey study involving
secondary science teacher beliefs. The study will focus on beliefs pertaining to the
context for teaching/learnii  and professional issues. The specific objectives of the
study are to investigate: the factors that science teachers believe affect student
achievement in science; and the extent that teacher beliefs become enacted in teacher
practice.

Study Rationale

Presently, minimal data in relation to science teacher beliefs and practice exist for PEI
science teachers. As decision-mak  surrounding the implementation of curriculum and
education policy must be informed by the evaluation of sound assessment of teacher
beliefs, then much attention to the beliefs of teachers and teacher candidates should be a
focus of educational research. The significance of this study is to inform decision
making regarding science-related in  atives at the school, district, and provincial levels.

Anonymity - Confidentiality - Consent

Participation in this study is completely voluntary. [ expect that it will take
approximately 5-10 minutes of your time to complete. Confidentiality and anonymity
will be guaranteed as the survey will not be asking you for your identification or contact
information. Furthermore, you w it be asked for information that will identify your
school or school board. Your consent to participate in this survey study will be given by
your submission of a completed survey. Should you elect to participate in the survey
please complete and submit it by Friday, June 26™ (5pm). The survey is found at
(bttp://www.surveygizmo.con che ~ "~ “s). Two reminders will be sent to you
prior to the final submission aate (1t you completed/submitted the questionnaire or have
chosen not to participate, please disregard the reminders).
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Participation Incentive

As a small incentive (and a token of my appreciation) to participate in this survey you
will have an opportunity to win one of ten $50 gift certificates at a local restaurant. Upon
completion of the survey you will be asked if you would like a chance to enter a draw for
the gift certificate. Should you choose to participate you will be redirected to a separate
website which will ask for your name and contact information. Again, this personal
information is completely independent of your survey data. Furthermore, the incentive
will be administrated by a third party.

Thank you for considering my request. [ am happy to address any of your questions or
concerns. | can be reached at jghayes@edu.pe.ca or via telephone at 902-393-5445.

The proposal for this research has been reviewed by the Interdisciplinary Committee on
Ethics in Human Research and found to be in compliance with Memorial University’s
ethics policy. If you have ethical concerns about the research (such as the way you have
been treated or your rights as p icipant), you may contact the Chairperson of the

ICEHR at icehr(™n.ca or by telephone at (709) 737-8368

Sincerely,

Jonathan Hayes
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Anonymity - Confidentiality - Consent

Your participation in this study is voluntary. If you choose to participate, you are free to
withdraw from the study at any time and also to withdraw any data that pertains to you. |
(principal inve gator) will attempt to protect your anonymity from those not directly involved
in the research. Specifically, pseudonyms will be used as identifiers on all data collected from
the teacher interview and | will ensure that e research assistant (transcriber) complies with
guidelines for ethical research. 1 will share my interpretations of the interview data (research
summaries) with you to obtain your feedback prior to the publication of results.

All data will be stored in a locked cabinet in the office of the principal investigator
(myself). A research assistant (transcriber) 1d | will be the only individuals who will have
access to the data. Furthermore, data transcription will be done confidentially. Within five years
of completing the research, all data will be destroyed.

Thank you for considering my request. I am happy to address any of your questions or
concerns. I can be reached at jghayesiec  .ca or via telephone at 902-393-5445.

The proposal for this research has b 1 reviewed by the Interdisciplinary Committee on
Ethics in Human Research and found to be  compliance with Memorial University’s ethics
policy. If you have ethical concerns aboutt research (such as the way you have been treated or
your rights as a participant), you may contact the Chairperson of the ICEHR at i~~“~@mun.ca or
by telephone at (709) 737-8368

Sincerely,

Jonathan Hayes
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Factors Affecting Student Achievement: A Study of Teachers’ Beliefs
Memorial University of Newfoundland
Faculty of Education
2009

Statement of Informed Consent

I have read the attached description « this study and my questions have been answered to my
satisfaction.

1, , agree to participate in this study.
Please print your name

Participant Signature Date

To the best of my ability, I, Jonathan Hayes, have answered all of his/her questions.

Researcher Signature Date

If you would like to receive a summary of the results of this study, please print your name
and provide a complete mailing address in the space below. Thank you.

Yes, I would like to see a summary of the results of this study.

My full name and mailing address is:
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Appendix E: Survey Protocol

General Beliefs Questions:

Why do you have specific beliefs about factors affecting student learning? In
other words, what has “shaped” your beliefs?

Have your beliefs changed over time?

Has there been something (situation, event, etc) that may have changed your
beliefs?

Context for Teaching and Learning

1.

Profes

1.

PEI teachers hold strong beliefs for the context for teaching and learning. Also,
there is a strong correlation between teacher beliefs and implementation of their
beliefs. However, the frequency of implementation of beliefs into classroom
practice is high for select topics and low for others. Could you comment on why
select topics were high and others low?

There is a statistically significant difference between responses of teacher groups
and select topics within the context of teachir and learning. Could you comment
as to why their may be differences between group responses?

mal Issues

PEI teacher self-efficacy ipears to be quite high. However, PEI teacher outcome
expectancy is not nearly as high and is divided among the survey population.
Why do you believe outcome expectancy to be low among PEI secondary science
teachers consideri  self-efficacy appears to  relatively high?













