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we can do all the work we want about this, but the current model doesn't reflect
that kind of practice [teachers’ engagement in ongoing CPL]. (Kristoff)

The following is an example of the potential benefits that could result from
providing teachers with designated time within the Collective Agreement to collaborate.
Co-planning and co-teaching did result from Anna, Elsa, and Belle participating in the
first focus group. Anna (Grade 2/3) and Belle (Grade 7) realized they were conducting
similar experiments with their students using catapults to teach forces. Not only did Anna
and Belle discuss what they were teaching, they co-taught a lesson involving catapults.
Anna expressed that the teachers did not have the time to collaborate and “had we not
been at the meeting on the [day of first focus group] we never would have talked about
the fact that we did the same thing. It is just the time to have the conversation”. Kristoff
reported that it was an excellent success with 52 students in one class with Anna and
Belle teaching and working with the students: “there was collaborative teaching going on
(...) so it was excellent” (Kristoff).

Lastly, the value of providing time CPL for science education within the work day
was important to Anna, Elsa, and Belle. They spoke about how they would appreciate
having designated time for ongoing CPL within the school day because “it is so hard to
connect with people before and after school. I have to run out at 3:30 some days to get to
some place, or sometimes at the end of the day I’m done” (Belle). If Collective
Agreement was modified to provide time for CPL within the work day, the teachers
suggested preferable times. For instance, Belle said she would prefer to have “scheduled
meetings (...) in the middle of the year so | can get everything laid out. But collaboration
is something you need to do every time you plan a new unit really or every six weeks”.
Anna said: “It’s definitely ongoing. But at the beginning of the year, you can plan out

what it should look like or what you want but then ongoing has to happen as well”.
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Section 2
Teachers’ beliefs (self-efficacy, pedagogical discontentment, epistemological beliefs)
appeared to be positive influences on their openness to CPL related to science. Each
teacher was receptive to engaging in CPL related to science on an ongoing basis to
improve their science teaching, and in turn, student’s science learning.

The results from Anna, Elsa, and Belle’s surveys are presented in the following
manner: (a) Professional Development Logs, (b) self-efficacy from the Science Teaching
Efficacy Beliefs Inventory — A, (c) pedagogical discontentment from the Science
Teachers’ Pedagogical Discontentment scale, (d) beliefs about teaching and learning
from the Beliefs About Reformed Science Teaching and Learning questionnaire. Notably,
the survey results are presented in conjunction with the responses from the professional
development logs, and narratives from the focus groups. Lastly, the teachers’ beliefs
about remaining a novice science teacher is discussed.

Teacher professional development log results. Table 7 provides a detailed
record of each teacher’s engagement in CPL related to science that occurred over a period
of five months. Next, Table 8 shows the number of CPL entries per teacher, per month,
and the minimum amount of time teachers spent on the CPL activities for the duration of
each month. The time spent on CPL was recorded as the minimum number of hours as
the option often selected was listed as engagement in a CPL activity to be more than 90
minutes. The exact time was not recorded (see Table 7). From a potential of 15 logs, a
total of eight were received: Anna submitted a total of four logs, Elsa submitted three,

and Belle submitted one.
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Table 7
Teachers Recorded Engagement in CPL related to Science from December 2014 to
April 2015

Variable Anna Elsa Belle  Total
Activity
Courses, conferences, seminars, workshops 2 4 7
attended
Training/studying for credential(s)
Distance-education courses/modules you
completed
Presentations you gave, articles/books published, 1 1
posters presented, courses taught
Consulting with peers, informal rounds with 12 11 24
colleagues, mentoring (mentor or mentee)
Reading journals/texts, publications; reviewing 2 2
videos/DVDs for specific learning goals
Independent research or using other resources 4 4
Professional contributions (committee work, peer 2 2
reviews)
Other 7 7
Purpose of Activity
Discussion for assessment 2 2 2
Discussion for evaluation 2 4 6
Discussion for lesson planning 11 12 24
Other 12 1 14
Time spent on the Activity (minutes)
10 1 2 3
15 4 4 8
20 3 1 4
30 4 5 9
40
50 1 1
60 7 1 8
70
80
90 2 2
90+ 5 6 13

(continued)
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Variable Anna Elsa Total
When the CPL happened
Scheduled time 19 6 27
Prep time 2 3 5
Lunch break
After school hours 3 4 7
Before school hours 1 1
Hallway chatting 2 6 7
Other
Who teachers collaborated with
Colleagues from the same grade 1 3 5
Colleagues from different grades 24 12 37
Other 2 4 6
Active Learning
Observe lessons of teaching technique 5 2 7
Lead group discussions 1 1
Develop curricula or lesson plans, which other 2 2 4
participants reviewed
Reviewed students work or score assessments 1 4 5
Develop assessments or tasks 4 8 12
Practice what you learned and received feedback 1
Received/provided coaching or mentoring in the
classroom
Gave a lecture or presentation to colleagues 1 1
Other 13 3 17
Coherence
The activity is consistent with your department or 4 15 19
grade level plan to improve teaching
The activity is consistent with your own goals for 23 4 29
your professional development
Based explicitly on what you have learned in
earlier professional development activities
Learning Outcome
| changed or modified/plan to modify my practice 2 10 13
based on this learning activity.
| pursued/will pursue additional information. 4 2 6
The findings of this activity reaffirmed or 19 7 21
enhanced my knowledge, and no change to my
practice is needed at this time.
Other 2 2
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Table 8

Number of Activities Recorded and Time spent on CPL for Science

Anna Elsa Belle

# of CPL Time # of CPL Time # of CPL Time

Activities (h) Activities (h) Activities (h)spent
Recorded spent Recorded spent Recorded on CPL
on CPL on
CPL

December 8 4.7 2 2 2 2
January 0 0 0 0 0 0
February 8 6.9 0 0 0 0
March 5 3.6 9 4.5 0 0
April 6 5.3 9 6.7 0 0
Total 27 20.5 19 13.2 2 2

Anna, Elsa, and Belle expressed two reasons for the low response rate for
completing the professional development logs. First, the teachers felt that the professional
development logs “are just time consuming” (Elsa) and added to their workload. Because
teachers had other priorities that took precedence such as numeracy and literacy,
completing the log took time away from those more pressing tasks. Belle explained her
view about completing additional paperwork such as the professional development logs
in the following way:

It all comes back to teacher workload. By the time you are trying to contact
parents and mark... Like, Lesson 7 and 8, we both have a massive stack of
marking to get through. So it’s more the workload. Once you hit the year, you
don’t have time to get a lot of extra stuff in. (Belle)
Secondly, Elsa and Belle rarely completed the logs because they did not believe that it
was a valuable use of time as it was not helpful for their teaching practice: it took time
away from planning, marking or other tasks. The idea of adding to their workload was

heavily weighted as Anna, Elsa, and Belle indicated that their workload was the greatest
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factor that reduced their time to collaboratively or individually plan lessons. For instance,
Elsa did not believe that recording her CPL activities was “helping my teaching because
if anything, it takes away time from prepping, learning or doing it. It is just one more
thing that | don’t feel I learn anything from it” (Elsa). On the other hand, Anna enjoyed
completing the logs because it was an opportunity for her to reflect on her CPL related to
science and see how she could have improved her teaching practice. Anna expressed her
opinion in the following way: “I look at the log and say, ‘we did talk about science’ or
‘we didn’t talk about science at all’. So I can sit back and reflect on what | have done.” In
one of the focus groups, Anna commented about being able to reflect on her practice in
the professional development logs and how it helped her to re-evaluate her teaching
practice using inquiry-based pedagogy: “reflecting on science and how much time is
spent on teaching it versus other curriculum areas is always beneficial. It provides the
opportunity to re-evaluate whether enough hands-on opportunities are being provided”,

Lastly, the teachers openly expressed that the professional development logs were
not an accurate representation of their CPL activities related to science. As previously
mentioned, Elsa and Belle’s collaboration was not planned. They would collaborate with
one another and then part ways and forget they collaborated because they had other tasks
to attend to. So, “hallway” collaboration (in Table 7) was not an accurate representation
of how often they actually collaborated. Belle and Elsa expressed their views in the
following ways:

They are random conversations. Sometimes you don’t realize that you are doing
it. Sometimes it’s passing in the hall or we are in the photocopy room and all of a
sudden talking about sharing short stories. By the time you get back to your
classroom, you forget that you had that conversation. (Belle)

| looked back through my daybook to get most of my dates, because school has
been crazy. There was a lot more in the hallway collaboration that occurred, but |
couldn't name it exactly. (Elsa)
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Measures of Anna, Elsa, and Belle’s affective state toward engaging in CPL related
to science

The results from the surveys, Science Teaching Efficacy Beliefs Inventory — A,
Science Teachers’ Pedagogical Discontentment, and Beliefs About Reformed Science
Teaching and Learning are addressed below, along with a narrative from the focus groups
with Anna, Elsa, and Belle, and results from their PD logs, and interviews with Kristoff.

Science Teaching Efficacy Beliefs Inventory — A. Elsa had the highest overall
score of 60 on the Personal Science Teaching Efficacy questions. Then, Anna had the
second highest score of 53. Lastly, Belle had the lowest score of 47. In this capacity, Elsa
and Anna were considered to have high self-efficacy, while Belle had medium self-
efficacy.

During the focus groups, each teacher spoke about their science background and
how it affected their self-efficacy with regards to science. Notably, the results from
Personal Science Teaching Efficacy scale were harmonious with their commentaries
during the focus groups. In the focus group, it was clear that Elsa felt the most confident
in her ability to successfully teach science as she would say statements such as: | am
“comfortable [teaching science] because science is my background. | know what students
are seeing so | understand why it is happening. We can talk about it or | can explain”.
Following, Anna was slightly less confident in her ability to successfully teach science.
However, she was confident knowing that she had a strong understanding of how to teach
using the DRiVe model and she was still confident for the reason that she was teaching
Grade 2/3, which did not require her to have a strong background in science:

I’m lucky because teaching grade 2/3, | don’t have to have the deeper
understanding. I understand science enough that I’m now comfortable with it. |
wasn’t before doing DRiVe. | wasn’t comfortable with it at all. It was because, for
me, science is not my background so there should be an answer. But now I’'m
completely understanding. (Anna)

Lastly, Belle was the least confident in her ability to teach science and it was evident
during the focus groups because she would verbalize it. For instance, Belle remarked:
“I’m not as comfortable precisely for that science is not my background. I have only
taught it at this age for about two years”. As a result, teaching science made Belle feel
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“more uncomfortable than if | were teaching history or language that I feel like I’m more
of advanced”. Belle felt uncomfortable teaching science because of the array of variables
that could influence an investigation. For instance, Belle said:

One thing | find with sciences is that there are so many things that could affect the
variable. If something goes wrong, did it happen because of this or that? I find
that aspect a little hard — that | have to have such a broad knowledge base or to be
able to say to them, I’m not sure maybe it’s this, so let’s try and find the answer.
(Belle)

In addition, Anna, Elsa, and Belle’s self-efficacy appeared to influence their
teaching style. It seemed as though the higher their self-efficacy to teach a science unit,
more hands-on activities were conducted with their students. Note that the relationship
between self-efficacy and instructional strategies that were implemented in the classroom
was with regards to self-efficacy related to specific units/topics, not self-efficacy as a
whole for teaching science. For instance, Belle expressed her view in the following way:
Belle said that her inquiry-based teaching “depends on the unit and where I’m at”. Also,
Anna said:

If I am comfortable with a topic, there are more things I can see pulling into
teaching it. So that’s why they would do more hands on. | could see how we could
do this to show this part or things like that. But If I’m not comfortable with the
topic, it would be whatever | read about and that’s it. (Anna)

Science Teachers’ Pedagogical Discontentment scale. Each teacher was
pedagogically content with their science teaching as they each had total scores below the
mid-point of 63. The overall scores were 54 for Belle, 38 for Elsa, and 32 for Anna. Also
shown in Table 9, based on the 5-point scale per subcategory, Belle was the most

discontent with her science teaching out of the three teachers.
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Table 9

Descriptive Statistics (modes) for Teachers’ STPD Scores

Anna Elsa Belle
Ability to teach all students science 1.00 2.00 2.00
Science content knowledge 1.00 1.00 2.00 & 3.00
Balancing depth versus breadth of instruction 3.00 1.00 2.00
Implementing inquiry instruction 1.00 & 2.00 2.00 4.00
Assessing science learning 1.00 2.00 3.00
Teaching nature of science 2.00 No mode  No mode

Anna, Elsa, and Belle’s receptivity to engaging in CPL related to science. The
hypothetical vignette by Southerland et al. (2011a) looked at the receptivity of teacher
engagement toward CPL related to science based on their overall pedagogical
discontentment (from the STPD) and their overall personal science teaching self-efficacy
scores (from the STEBI-A). Using the vignette as a point of reference and the results
from the surveys, Anna, Elsa and Belle were not receptive to changing their teaching
practice from engaging in CPL activities because they were generally content with their
current teaching practice and believed that they were capable of executing their teaching
practice for students to be able to achieve an understanding of the scientific principle
being taught (they had high levels of self-efficacy related to science teaching). On the
contrary, based on the discussions with Anna, Elsa, and Belle during the focus groups
and their results from the professional development logs, Anna, Elsa, and Belle were
content with their science teaching but still wanted to improve. The teachers expressed
that they were keen to participate in any CPL activities related to science because they
felt that their participation helped to improve their science teaching, and in turn, they
perceived that their engagement in CPL related to science helped to improve their
students’ science learning. Below, specific reasons are provided.

First, as mentioned in Theme 1, Anna participated in the Science Task Force once

a month for an entire day, and Elsa and Belle participated in Sector Projects. Based on
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data collected from the surveys, focus groups, and professional development logs, it
would not be accurate to say that any one of the teachers was more or less receptive to
CPL activities; they appeared to be equally engaged and eager to participate. In addition,
Kristoff raved about how Anna, Elsa, and Belle were eager to participate in CPL
activities to further their science learning: “I’m way past enthusiastic, way past, beyond
pleased. We have great people who are excited about learning and teaching science to our
students”. Below are examples of how Anna and Belle their opinions about their
receptivity to participating in CPL related to science:

As long as there are people to collaborate with. I mean, | would never have a
problem. (Anna)

| was thinking the same thing. You are talking to three people who are willing to

take risks and are willing to collaborate. If there are any science workshops that |

can do, I try to get into them because I’m not as comfortable as you [Elsa] to

begin with. Anything I can find that will help or make it more interesting, 1 will

jump on. (Belle)

The second reason behind the Anna, Elsa, and Belle’s openness to participating in
CPL activities related to science was that it stimulated them to modify their science
lessons to be more inquiry-driven. For instance, Anna made the following remarks on her
professional development logs about CPL activities that helped modify her teaching: “I
changed previous lessons from teacher led, basic experiments to inquiry-based lesson”,
and that engagement in CPL related to science “allowed me to understand how to change
experiments to allow for students to drive their own learning”. Also from the professional
development logs, Elsa expressed how her participation in CPL helped to modify her
teaching practice for science: “I have adapted some of my teaching focus to basic skills
rather than knowledge-based” and “I added another inquiry experiment to my lessons”.
Interestingly, during the focus groups, Anna, Elsa, and Belle emphasized that the CPL
activities that they perceived to have helped improve their teaching and student’s science
learning stemmed from the Sector Projects and the Science Task Force. The reason for
those particular activities being perceived as extremely helpful was that they were
coached by expert science coaches from whom they gained “ideas for hands-on things
and how | can better teach my kids the concepts they need to grasp” (Elsa). Part of the
benefits of being coached was that the teachers became aware of tactics to help improve
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their science teaching based on their needs. For example, Anna also expressed that from
various CPL activities, she would further her learning by reading “the book about
assessment and evaluation over the summer and determine what strategies | can
incorporate in the next school year.” Although Anna, Elsa, Belle, and Kristoff raved
about learning science with the assistance of a science coach, during the five months that
teachers recorded their PD activity on the logs, no one said they were provided coaching
or mentoring in their classroom within the school environment.

Lastly, Anna, Elsa, and Belle perceived their science learning and in turn, their
ability to then modify lessons based on their new or refined learning from engaging in
CPL helped to improve their students’ science learning. For instance, Elsa said:
“collaboration is always going to lead to teachers learning and student learning will come
out of that - sometimes or eventually”. Notably, Anna, Elsa, and Belle considered student
learning to be based on the learning curve that individual a student achieved, not whether
a student improved his/her grade on a report card. For instance, Anna said:

| think if you're measuring achievement based on where they are, to where they
end up being, you can see their learning. | think if you measure achievement
based on the expectation of a curriculum, maybe not everyone is achieving. But if
you look at where the students are and what they've done, | would say yes to
student achievement. (Anna)

Belle provided two examples of how she perceived her learning helped to then improve
her students’ learning. First, Belle participated in a Putt Putt Boat investigation that was
part of a Sector Project. After engaging in the activity, Belle believed that she was not
confident in her skills to teach the activity, but “by having that collaboration and seeing
it, | brought back an understanding of variables that I could then pass on to the students”
(Belle). The second example was that beside improving her repertoire and applying her
learning immediately, or in the future, Belle spoke about how she attended a Sector
Project to learn “about troubleshooting concepts because there was a lot of trouble
shooting happening — look for that variable or that variable”. Belle’s new understanding
of what happened when variables changed in an investigation was helpful to her students
because she felt more comfortable and confident in her ability to facilitate the
investigation with her students. Thus, she felt as though she was able to provide “richer
learning experiences for students” (Belle).
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Beliefs About Reformed Science Teaching and Learning. Anna, Elsa, and
Belle scored over the mid-point of 80, leaning toward the reformed perspective (scores
above 80) compared to the traditional perspective (scores below 80). Anna’s total scores
was 97, followed by Elsa with a total of 88, and Belle with a total of 85. The mode based
on a 4-point scale for each subscale is provided in Table 10.

In comparison to the discussion amongst the teachers during the focus groups, the
results were an accurate representation of their beliefs about learning and teaching
science. Anna, Elsa, and Belle expressed that they taught with an approach that was more
so leaning toward a balance between lecture and constructivist teachings. The main
reason for teachers relying on both strategies was that a large proportion of students had
not had previous experience learning science using inquiry-based pedagogy. So, teachers
felt that students needed a combination of hands-on and theory work to learn about the
science topic being taught. Each teacher expressed her view in the following ways:

| do a bit of both. We almost always do some sort of student-centered activity, but
| may follow up, or precede with, some theory behind what they found with notes.
For example, we will write a note and then do an experiment to see if it worked
out - or vice versa. | would say my kids this time have struggled with putting
ideas together. If I just do student centered, they have struggled to get some of the
connections. (Belle)

A lot of our student-centered work is done at first because you let the kids
experiment and then you teach them the theory behind. A lot of the kid’s need the
solidification of learning like [Belle] said — to actually get the theory behind it.
(Elsa)

| would say it is both as well. I’'m leaning a little bit more to student-centered, but
I’m involved in the consolidation because they do something but yet still they will
not put it together with the idea and the concept that they are learning so | will
have to draw a connection for them. (Anna)

Thus, regardless of Anna, Elsa, and Belle holding reformed values about teaching
science, and believe in teaching science using the DRiVe model, they felt they were

unable to fully educate their students using the DRiVe model because the students were

not prepared for that type of learning — they were familiar with textbook learning.
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Table 10

Descriptive Statistics (modes) for Teachers BARSTL Scores
Anna Elsa Belle

How people learn about science 4.00 2.00 3.00
Lesson design and implementation 3.00 3.00 3.00
Characteristics of teachers and their learning environment 3.00 3.00 3.00

The nature of the science curriculum 3.00 3.00 3.00

In fact, Anna, Elsa, and Belle’s application of both teacher and student-centered
instructional strategies was approaching Kristoff’s goal for teachers to move away from
teacher-centered, lecture style pedagogy toward “what's called an 80/20 model. In other
words, 20% of the time is teacher directed that may be both at the beginning or end of the
class, and 80% of the time is kids hands-on facilitation” (Kristoff). Also, Kristoff wanted
both teachers and students be comfortable with the idea of “failing”. Meaning, he wanted
teachers to teach students by having them “try an experiment and be creative and
innovative and not be worried about what mark or grade they are going to get”; the
process of engaging in, and learning from, inquiry-based activities was of utmost
importance. However, for teachers to be able to embrace this concept, they would have
had to “worry less about giving kid’s information, and more so teaching them how to find
it, and ask questions about it, and think outside that information to apply and
communicate it”. Kristoff believed that constructivist-based teaching was “more
important than just knowing some information because that doesn’t mean anything in the
world to live in today”. Although Anna, Elsa, and Belle were applying both teacher and
student-centered approaches, they did not feel that they were achieving the 80/20 split as
desired by Kristoff. Elsa and Belle explained the reason being was that their students
were taught by previous teachers who only taught with traditional lecture styles. So, Belle
and Elsa stressed that their Grade 7 and 8 students had not previously learned science
using hands-on activities and were unsure of how to learn through experimentation:

Some of the kids are coming from teachers who are a lot more comfortable with,
here’s the text book, do this page and go that way. They’ve done a lot of book
learning, so they haven’t had inquiry lessons. Even though it [the DRiVe model]
is out there, not all teachers use it. (Belle)
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Half of my Grade 8’s are okay because Belle had them for science last year. But
the other kids had never done hands-on or inquiry work. Those kids are needing
the teacher directed learning in the consolidation because they are floundering;
they have never done it where there has been an experiment and then learn from
that. This year | have some of Belle’s Grade 7°s from last year who are
comfortable with inquiry. Then the other kids who haven’t done inquiry before
are still struggling with it. (Elsa)

As a result of some students not having past experiences learning science by using the
DRiVe model, Elsa and Belle, in particular, felt that those students had a long learning
curve to “get the understanding that they can’t fail. A lot of kids think that they can fail,
but they can’t fail — it’s inquiry and it’s you doing it. So the kids are very cautious about
it (Elsa). In this capacity, Elsa and Belle felt as though they need to engage in more
“teacher directed lessons because we are trying to teach them inquiry, not just science.
Because the inquiry model is student-centered, we have to teach them that model, which
is teacher directed” (Elsa). Thus, Anna, Elsa and Belle’s application of traditional and
reform based pedagogy was influenced not only by their personal beliefs, but the
instructional strategies that past teachers applied with their students and possibly their
beliefs about the nature of science learning and teaching. Lastly, referring back to Theme
1, the lack of consistent teaching styles using the DRiVe model inhibited Anna, Elsa, and
Belle from collaborating within and across academic teams.

Beliefs about remaining a novice science teacher. Each teacher perceived
science to be dynamic in nature — ever evolving and not static — and should be taught
using student-centered, inquiry-based pedagogy. Their beliefs about science may have
influenced their opinion that they will forever remain novice science teachers because
they will never truly “master” science. This is regardless of whether Anna, Elsa, or Belle
was considered a beginner or experienced teacher according to the Ontario Ministry of
Education or the total number of years she had been teaching, and her active engagement
in CPL activities related to science. Anna and Elsa described their reasoning in this way:

| don’t think I’d ever perfectly feel comfortable [teaching science] because the
whole inquiry thing is that there they're doing things and changing variables that
they're interested in. So | don't think that I'd never really predict what students are
going to want to change or predict the questions that they're going to ask me. So |
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think that every year, depending on kids, is always going to be different because
are all coming in different knowledge. (Anna)

It is very student dependent so I don’t know if | would ever feel very comfortable.
| think you only become an expert if you keep doing the same things but like,
science is always adopting and changing and you’re always doing different things.
It is never the same thing over and over and over again. So it's not like math
where a triangle is a triangle. Because | base a lot of stuff on current events, |
don’t think there will ever be that expert level because it is not repetitious. (Elsa)
Chapter Summary
Chapter Five presented the findings that were uncovered in this study, and Figure 3
depicts a brief summary of the main topics that emerged to address the multiplicity of
factors that affected Anna, Elsa, and Belle’s engagement in CPL related to science
education. The chapter was organized to present the school principals’ and teachers’
findings by discussing two sections: first being the results from the qualitative data, and
the second being the results from the quantitative data which is then supported by the
qualitative data. The two sections also addressed each research question. Data from
professional development logs, surveys, focus groups with the Anna, Elsa, and Belle, and
interviews with the Kristoff revealed their perceptions about the multiplicity of factors
affecting Anna, Elsa, and Belle’s participation in science CPL. Each finding was
supported by quotations to convey the participant’s viewpoint to the reader, and to
accurately represent the reality of the participants. The results presented in this chapter
indicate that teacher engagement in CPL related to science is not straightforward and is
intertwined amongst a multitude of factors related to teachers, administrators, and
ministry level regulations. This should give pause to making blanket assumptions about
teacher engagement in professional learning related to science. Factors beyond teachers
and Kristoff are limiting their engagement, although teachers may be eager to engage in
professional learning related to science and Kristoff may be willing to facilitate their
learning. In the next chapter, the analysis, interpretations and synthesis of findings will be
discussed and placed within a context of current and future research and their

implications.
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CHAPTER VI: DISCUSSION

The descriptive nature of this case study provided an avenue for a literal reporting
of the multiple variables of importance from a socially constructed, complex, real-life
situation about the multiplicity of factors affecting elementary teacher participation in
collaborative professional learning (CPL) related to elementary science education. Based
on the literal reporting of the research findings discussed in the previous chapter,
adopting the methodological approach allowed for an intensive, authentic investigation
into the five research questions in the current chapter. Thus, the research strategy chosen
for this study helped to achieve the research purpose, which was to unveil multiple and
competing standpoints between the views of teachers and their principal about the ability
to participate in CPL and its relationship to teaching science. Moreover, the descriptive
case study helped to recognize and appreciate the holistic view of the tensions which
characterize teacher engagement in CPL related to science and potentially help to align
teacher efforts and system goals.

This research study is viewed through the lens of Situated Learning Theory. From
this perspective, teacher engagement in CPL related to science education is a social
phenomenon in which collaborative practices and the construction of meaning was rooted
in the experienced, lived-in world with ongoing social practice (Lave, 1991; Wenger,
1998). In terms of methodology, the study investigated the contextual and personal
experiences and interactions that teachers experienced over six months of the 2014-2015
school year with regards to their engagement in CPL about teaching science. This
research applied a qualitative inquiry approach by conducting in-depth interviews and
focus groups, surveys and professional development logs. Participants included three
elementary teachers - Anna, Elsa, and Belle - who taught science to Grades 2/3, 8, and 7,
and their school principal, Kristoff. In Chapter V, the data was coded, analyzed, and
organized by themes that were most prevalent to address the research questions in this
current chapter. The rationale for placing Anna, Elsa, Belle, and Kristoff at the centre of
this research study was to demonstrate that research with teachers is the most productive
approach to teacher learning and change (Loughran, 2014). Teachers have understandings
that have been developed within the school context on a daily basis, which goes “far

beyond what the expert researchers have produced” (Kincheloe, 2003, p. 18).
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To compose the current chapter, | first identified connecting patterns that emerged
from the findings presented in Chapter V. Following that process was a secondary
analysis that included addressing relevant theory and research that tied into the patterns
that emerged in the primary analysis. Addressing the research body and theory helped
compare and contrast issues that have been raised in the literature. The discussion is
based on three overarching concepts that are interpretive insights and implications into
the synthesis of the findings. The three predominant areas for discussion are:

1. The lack of emphasis on science in Ontario’s elementary education
2. The limited time available for CPL about science

3. The limited number of teaching partners to collaborate about science

Teacher knowledge and perceptions, administrative support, professional learning, and
available resources, among other factors, are intertwined with student experiences with
inquiry, teacher collaborations, technology use, and other aspects of the education
system. Thus, the three predominant areas for discussion are intertwined through the
research questions because “limiting findings to isolated categories is inevitably an
oversimplification” (Lewis et al., 2015, p. 900). While discussing the five research
questions, | show the interconnectedness of the three concepts and help readers to
recognize that the concepts represent multiple and complex overarching domains that
greatly influence teacher engagement in CPL related to elementary science education in
Ontario, Canada. Unlike the previous chapter that presented objective data gathered from
Anna, Elsa, Belle, and Kristoff, the purpose of this chapter is to provide interpretive
insights and implications into the synthesis of the findings, being the predominant areas
for discussion, and to construct a holistic understanding of the phenomenon.

Research Question One: What are the perceptions of teachers and their school
principal regarding CPL related to science as a vehicle for their professional growth
related to science?

Anna, Elsa, and Belle, perceived their active engagement in CPL related to
science to be an effective vehicle to improve their science teaching because of reasons
related to: (a) meeting their classroom needs, and (b) time. After discussing the two

reasons, two underlining affective constructs - self-efficacy and pedagogical
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discontentment - are discussed in terms of why they may have been influential to Anna,
Elsa, and Belle’s professional growth based on their engagement in CPL related to

science.

Recall that Kristoff employed a bottom-up leadership style and placed equal value
on school subjects including science. Although science was not included in the School
Improvement Plan, Kristoff was supportive of Anna, Elsa, and Belle’s voluntary
engagement in CPL related to science because he was aware that their engagement
helped to improve their inquiry-based science teaching. From Anna, Elsa, and Belle’s
perspective, their active engagement in CPL related to science was perceived to be an
effective vehicle for improving their science teaching because they voluntarily chose
activities that were specific to their classroom teaching needs; there was a strong degree
of coherence between their science teaching goals and their engagement in CPL related to
science. As Penuel et al. (2007) explained, professional learning needs to be in response
to teachers’ teaching needs to be effective. For instance, Anna, Elsa, and Belle’s in-
school, unplanned, hallway discussions that were collaborative in nature were directly
related to their teaching needs, including talking about specific students learning needs,
how to use specific equipment, and/or plan for investigations or lessons. With regards to
the out-of-school CPL activities, Anna, Elsa, and Belle’s learning was also perceived to
be related to their classroom needs. During this time, they were guided by science
coaches who taught Anna, Elsa, and Belle exactly how to conduct inquiry-based
investigations that were tailored to their curriculum level and that could be replicated in
their classroom considering the time restrictions and limited fiscal resources available to
purchase new materials. If Anna, Elsa, and Belle had not participated in the out-of-school
activities, they would have never been taught how to teach specific investigations that
were applicable in their classroom — they would have had to learn on their own. Thus,
similarly to other researchers (e.g., Butler & Schellert, 2012), the benefit of engaging in
the CPL activity that involved inquiry-based learning was the potential for teachers to
alter their teaching practice or undergo educational change.

In relation to time, Anna, Elsa, and Belle perceived the out-of-school CPL related
to science improved their science teaching and learning because their engagement

provided extended periods of time to focus on learning about how to conduct science
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investigations that were relevant to their classroom needs with the help of the science
coaches. Notably, the amount of time it took for Anna, Elsa, and Belle to implement
changes to their teaching practice based on their engagement in CPL related to science
with a science coach was unknown from this descriptive case study. Research has shown
that longer durations of professional learning activities have been the most effective in
making changes to teacher practice (e.g., Banilower et al., 2007; Cotabish et al., 2011,
Gerard et al., 2011; Lewis et al., 2015; Smith, 2015; Yoon et al. 2007). Supovitz and
Turner (2000) analyzed cross-sectional data from 24 Local Systemic Change initiative
that involved the K-8 science component from the National Science Foundation Teacher
Enhancement program. The Local Systemic Change initiative was meant to support
teacher’s improvement to their science teaching. They found that to increase inquiry-
based science practices, at least 80 hours of high-quality professional learning were
needed for teachers to establish an investigative classroom culture. Notably, the 24
initiatives involved in the research had science teachers participate in a wide range of
high-quality professional learning whereby some teachers were provided training, some
relied on volunteers and provided incentives. Some teachers participated more intensely
than others such that some teachers in the initiatives did not receive any professional
learning. In comparison to what Anna, Elsa, and Belle wrote in their professional
development logs and voiced during discussions, it is reasonable to say that none of the
teachers took at least 80 hours of professional learning to start implementing changes to
their teaching practice by using the DRiVe model. Recall that Anna, Elsa, and Belle
independently completed the professional development logs for five months (excluding
the pilot month) during the 2014-2015 school year. The professional development logs
provided an avenue to understanding Anna, Elsa, and Belle’s engagement in CPL related
to science and how their engagement was part of the “social practice in the lived-in
world” (Lave & Wenger, 1991, p. 35) of elementary education. Anna recorded that she
engaged in CPL for a total of 20.5 hours, Elsa recorded a total of 13.2 hours, and Belle
recorded a total of 2 hours. Although the logs were not accurate representations of their
engagement as each teacher admitted to not always remembering their participation or
not having the time to complete the logs, it may be unreasonable to say that each teacher
spent at least 80 hours on their CPL related to science considering that they continuously
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spoke about how they did not have time to focus on science because numeracy and
literacy took precedence. The point is that even with 20.5 hours or 2 hours of recorded
engagement in CPL related to science, Anna, Elsa, and Belle spoke about how their
active engagement influenced their teaching practice considering that they implemented
their learning about DRiVe investigations in their classroom practice. This research does
not support Supovitz and Turner’s findings in the sense that at least 80 hours of
professional learning was necessary before making changes to their teaching practice.
However, it may be reasonable to conclude that science coaching and the offshoot
discussions specific to their needs is what makes CPL effective because it is specific to
teachers’ teaching needs. Thus, teachers then implement their learning to their classroom
practice nearly immediately.

Moving forward from the two reasons as to why Anna, Elsa, and Belle’s
engagement in CPL was perceived to have helped improve their science teaching, the two
affective constructs - self-efficacy and pedagogical discontentment - related to science
education are discussed to better understand the reasoning behind why Anna, Elsa, and
Belle voluntarily wanted to pursue learning about science. Researchers (e.g., Sowell et
al., 2006; Southerland et al., 2007; Saka et al., 2009¢) have suggested that a teacher with
a combination of pedagogical discontentment and high self-efficacy may be more
receptive to reform initiatives within professional learning activities and make changes to
their teaching practice. In terms of pedagogical discontentment, it appeared that Anna,
Elsa, and Belle engaged in CPL related to science to improve their inquiry-based science
teaching because teaching science was a weakness or a gap in their teaching. Being aware
of their weakness was perceived to have helped motivate each teacher to voluntarily
engage in CPL related to science and to apply their learning to their teaching practice.
Recall that Anna, Elsa, and Belle were also teachers who were willing to take risks, to
collaborate and were generally “keen science learners” (Kristoff). Thus, the results of this
study were similar to Blanchard and Grable (2009), and Golden et al. (2010) who found
that teachers (including those who taught science) who were pedagogically discontent
applied reform-based teaching strategies in their teaching practice after engaging in
professional learning activities. The research findings were also similar to Adigozel,
Saka, and Colakoglu (2012) who focused on 104 elementary science teachers in Turkey.
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They found that having moderate levels of pedagogical discontentment was a key
prerequisite to implementing inquiry-based investigation in their classroom teaching. Due
to the descriptive nature of this research study, it was unknown whether: (a) the
dissatisfaction that Anna, Elsa, and Belle felt with their science teaching was a cause to
their engagement in CPL related to science, (b) the teachers were generally interested in
learning more about the DRiVe model for other intrinsic or extrinsic motivation factors,
or (c) their engagement was due to a combination of having a supportive principal, a
school culture of professional learning and the motivation to further their professional
learning in science. Regardless, it appeared that the research findings may support
Southerland et al. (2012) and other researchers (e.g., Feldman, 2000; Southerland et al.,
2011a; Sunal et al., 2001; Woodbury & Gess-Newsome, 2002) who have claimed that
teachers teaching science need to be dissatisfied with their current ideas of teaching
science to be motivated to transform their practice; the feeling of dissatisfaction with
their teaching practice gave teachers the motivation to engage in new, beneficial and
enlightening reform teaching.

There were inconsistent results between what Anna, Elsa, and Belle expressed in
the discussions compared to what they reported on the Science Teachers’ Pedagogical
Discontentment survey. According to the survey, Anna, Elsa, and Belle were considered
to be pedagogically content with their science teaching practice. Meanwhile, based on the
multiple hours of discussions with the teachers, it appeared that regardless of how good
their science teaching was, there would always be room for improvement. Anna, Elsa,
and Belle were go- getters and wanted to improve their teaching practice; they were
“keen” learners as Kristoff highlighted. Thus, regardless of whether Anna, Elsa, and
Belle were content with their science teaching, they believed that their teaching could be
improved and that the out-of-school CPL activities related to science were productive
means to improving their science teaching and the learning of their students regarding
science. Although Anna, Elsa, and Belle may have said they were pedagogically content
on the survey, upon engaging in in-depth discussions, they verbally made it clear that
science was a weakness, they were not content with their science teaching, and that they
wanted to improve their teaching as they were motivated to do so.
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Next, Anna, Elsa, and Belle’s self-efficacy related to science education is
discussed. Recall that according to the Science Teaching Efficacy Beliefs Inventory-A,
Elsa had “high” self-efficacy, followed by Anna, and then Belle with “medium” self-
efficacy. When Anna, Elsa, and Belle provided reasons for their self-efficacy regarding
science teaching, they spoke about their formal education and the length of time of their
personal teaching experiences, which are two of the six sources that develop beliefs,
including self-efficacy, outlined by Buehl and Fives (2015). For instance, Elsa had the
highest percieved self-efficacy because her undergraduate studies related to science.
Belle had the lowest self-efficacy because she was new to teaching science to
intermediate levels and she did not have a formal educational background in science.
Note that Anna, Elsa, and Belle’s survey results and discussions about their science self-
efficacy were congruent.

Anna, Elsa, and Belle’s medium to high self-efficacy may have been an
influential reason as to why they voluntarily engaged in CPL related to science. Or, it
may have been that their engagement in the CPL helped increase their self-efficacy as
they became more confident to teach inquiry-based investigations, manipulate variables,
and use the necessary resources for specific investigations. Although it was unknown
from this descriptive study whether Anna, Elsa, and Belle’s self-efficacy related to
science was a precursor to their voluntary engagement in CPL related to science, or
whether their engagement was a precursor to their medium to high self-efficacy.
Research has shown that teachers who engage in collaborative practices have increased
teaching self-efficacy (e.g., Day et al., 2006; Flores & Day, 2006) and teachers who are
more self-efficacious “are more likely to employ and seek out engaging instructional
strategies” (Chen et al., 2015, p. 372). As Anna, Elsa, and Belle voluntarily sought out
CPL opportunities related to science, they spoke about becoming more confident to: (a)
relate science activities to real-world examples such as the trebuchet experiments, as
found by other researchers (e.g., Haney et al., 2002; Riggs et al., 1998); and (b) engage in
and incorporate more hands-on activities with their classroom students as reported by
other researchers (e.g., Haney et al., 2002; Lakshmanan, et al., 2011; Marshall et al.,
2009; Nolan et al., 2011). Overall, based on the feedback provided from Anna, Elsa, and
Belle, each teacher had: (a) positive perceptions about the out-of-school CPL activities,
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especially those that included science coaches, and (b) perceived that their self-efficacy
increased from their participation. Like Cantrell and Hughes (2008) stated, it is possible
that the combination of the two resulted in greater application of new knowledge gained
from the professional learning activities to the classroom. Notably, studies have not
proved that teacher’s science self-efficacy is the variable that mediates the relationship
between engaging professional learning activities and teacher behaviour. More research
IS necessary to determine the causal links between teachers’ science self-efficacy,
inquiry-based teaching and professional development (Chen et al., 2015).

After addressing Anna, Elsa, and Belle’s pedagogical discontentment and self-
efficacy independently, it was important to relate them to one another as Southerland and
colleagues (2011a) did with their hypothetical model (see Chapter I1). Recall that the
authors looked at the relationship between pedagogical discontentment (using the Science
Teachers’ Pedagogical Discontentment scale) and self-efficacy, and then addressed
teachers “resistance or openness to change” (Southerland et al., 2011a, p. 301) based on
engagement in professional learning. Considering the results from the Science Teachers’
Pedagogical Discontentment scale and self-efficacy score, Anna, Elsa, and Belle were
pedagogically content and had medium to high self-efficacy. In comparison to the model,
Anna, Elsa, and Belle would not have made changes to their teaching practice after
engaging in CPL related to science because they were content with their current teaching
practice and believed that they were capable of executing their teaching practice for
students to be able to achieve an understanding of the scientific principle being taught.
On the other hand, as mentioned previously, although the results from the Science
Teachers’ Pedagogical Discontentment scale expressed that Anna, Elsa, and Belle were
pedagogically content with regards to their science teaching, upon engaging in multiple
discussions, they made it verbally clear that science was a weakness - they were not
content with their science teaching. In comparison to Southerland and colleagues model,
Anna, Elsa, and Belle were likely to make changes to their teaching practice from
engaging in CPL related to science. They were discontent with their current teaching
practice and believed that they were capable of executing their teaching practice for
students to be able to achieve an understanding of the scientific principle being taught.
The combination of being pedagogically discontent and having medium to high self-
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efficacy meant that they were open and receptive to changing and revising their teaching
practice (Smith, 2005; Feldman, 2000). It is reasonable to say that Southerland and
colleagues (2011a) model was an accurate representation of the results from this research
study considering that Anna, Elsa, and Belle spoke at length during the discussions about
how they implemented reform-based changes to their teaching practice as a result of their
active engagement in the CPL related to science. Moreover, they believed that their
improved instructional repertoire for science may have helped to improve the learning

needs of their students related to science.

Research Question Two: How do teachers perceive that participating in CPL
transforms their students’ science learning?

In addition to Anna, Elsa, and Belle perceiving that their active engagement in the
CPL related to science was an effective vehicle for improving their science teaching, they
believed that their improved science teaching helped to improve their students’ science
learning. When addressing the learning of their students regarding science, Anna clarified
that student improvement was gauged by measuring “achievement based on where they
are to where they end up being. If you measure achievement based on the expectation of
the curriculum, maybe not everyone is achieving there”. Similarly to other researchers
(e.g., Lee et al., 2008; Yoon et al., 2007) who reported that science teacher engagement in
CPL related to science showed an increase in student achievement, Anna, Elsa, and Belle
spoke about and three reasons as to why their engagement in out-of-school CPL related to
science helped to improve their students’ science learning. Anna, Elsa, and Belle learned
how to: (a) alter variables and use specific equipment according to an investigation with
the help from the science coaches; (b) better tailor their classroom investigations to the
learning needs of their students; and (c) better facilitate hands-on science investigations
that were grounded in authentic, real-world contexts.

Anna, Elsa, and Belle believed their engagement in the out-of-school Science
Task Force or Sector projects helped to increase student learning in science because the
science coaches taught them how to manipulate variables and use equipment required for
specific investigations — in turn, improving the science learning of their students. For
example, Anna attended the Science Task Force whereby she learned about teaching

forces using catapults, which variables could have been manipulated and their potential
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outcomes. Anna applied her learning to her classroom practice and expressed that she
was better able to guide her students through the investigation by manipulating different
variables. The results were described as the students developing a deeper understanding
of forces, asking questions that showed their critical thinking about the experiment and
students were able to reason and rationalize their outcomes. Essentially Anna expressed a
clear link between her learning and the learning of her students.

Next, Anna, Elsa, and Belle were better able to tailor their classroom
investigations to the learning needs of their students. With the assistance of a science
coach, they conducted an investigation for themselves and they saw how other teachers
modified different variables. Meeting the learning needs of all students was a struggle for
Anna, Elsa, and Belle because their students had varying degrees of understanding of the
DRiVe model and how to conduct hands-on investigations. Some students had minimal
experience because their previous teachers taught science with teacher-centered,
traditional approaches, while other students were more advanced with their understanding
as they had learned about and used the DRiVe model in previous years. So, the teachers
struggled with facilitating a science inquiry project to a classroom of students who had
varying understandings of how to engage in inquiry-based investigations — particularly
when Anna, Elsa, and Belle were not confident about doing the investigation themselves.
After Anna, Elsa, and Belle engaged in CPL related to science, they learned about an
investigation and the potential variables to alter, and they felt more confident to teach
students with various levels of understanding of the DRiVe model. Occasionally Elsa and
Belle did not facilitate the full investigation that they learned in a Sector Project, but it
still helped all students learn science and understanding about the topic at hand. For
instance, Elsa engaged in a Sector Project about trebuchets. Rather than conducting the
full experiment with her students, she conducted a couple of activities based on her
learning from the trebuchet project to help all students understand the DRiVe model, as
well as learn about the concept at hand. Elsa expressed that her collaboration during the
Sector Project with a science coach and fellow teachers always lead to an improvement in
student learning, regardless of whether she facilitated a full or partial investigation with
her students based on their newfound learning. She applied her learning to their
classroom practice and was better able to meet the needs of her students with and without
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experience using the DRiVe model. Elsa and Anna expressed similar sentiments with
their engagement in Sector Projects and the Science Task Force.

By participating in the Sector Projects and the Science Task Force, Anna, Elsa,
and Belle believed that they also learned how to better facilitate hands-on science
investigations that were grounded in authentic, real-world contexts. Anna and Belle
provided an example whereby their participation in the Science Task Force and a Sector
Project taught them about teaching forces by having the students use and build catapults
and understand when catapults could be used and why. As outlined in the School
Effectiveness Framework, Section 4.4, the teachers deepened students’ science learning
by engaging them in “exploring real-world situations/issues and solving authentic
problems” so that they were not only learning discrete scientific facts — they were
developing larger conceptual understandings of scientific principles. Moreover, Anna,
Elsa, and Belle were meeting one of the goals of the Ontario 2007 revised science and

technology curriculum, which was to relate science to the society and the environment.

Research Question Three: What does teacher participation in the practice of CPL
related to science look like?

Anna, Elsa and Belle’s participation in CPL related to science primarily occurred
while they voluntarily engaged in the out-of-school CPL activities related to science
(Science Task Force or Sector Projects) with the guidance of a science coach helping
them progress through their classroom needs. The overarching reason for why Anna, Elsa
and Belle’s participation in CPL related to science primarily occurred while they engaged
in the out-of-school activities was due to the predominance of numeracy and literacy in
the Ontario elementary education system. Furthermore, due to the predominance of
literacy and numeracy, there was a lack of opportunity for teachers to engage in ongoing
CPL for science education within the school environment. To emphasize that most of the
participation in CPL occurred out-of-school, the professional development logs showed
that there were a prevalent number of recordings which included “consulting with peers,
informal rounds with colleagues, mentoring” for the purpose of “discussion for lesson
planning” that occurred for more than 1.5 hours at a time during “scheduled time” with
“colleagues from different grades”. Moreover, the professional development logs showed

that the activities were consistent with the goals Anna, Elsa and Belle had for their
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professional learning. To compare with Anna’s verbal description of her engagement in
the Science Task Force, she spent one day each month with a science coach learning
about lessons that could be implemented in her classroom amongst other likeminded
teachers in the primary division from various school in the district. Anna engaged in such
activities because they were consistent with her personal goal of developing her
instructional repertoire for science and for improving her students’ science learning.

A combination of the findings from the professional development logs and
discussions with the participants spoke volumes about CPL related to science being one
aspect of Anna, Elsa, and Belle’s teaching practice amongst a slew of other factors
primarily related to numeracy and literacy. It appeared that their CPL related to science
was limited to the Sector Projects or Science Task Force, the Grade 4-10 Transitions and
Pathways Collaborative Inquiry project and brief hallways discussions. Moreover, in
terms of the Sector Projects, they occurred beyond the school day as Elsa and Belle had
to be online at seven o’clock in the morning to participate. The reasons for why CPL
related to science was one aspect of Anna, Elsa, and Belle’s teaching practice was that
the teachers and their school principal believed there was (a) minimal accountability
measures for elementary science education from the Ontario education system, (b) little
to no pressure from the ministry to continue improving teacher’s science teaching, and (c)
minimal time allocated to professional learning related to science. The perceptions that
science education was not a predominate subject in Ontario’s elementary education
compared to numeracy and literacy was supported by the fact that the K-12 School
Effectiveness Framework, under “component 4 curriculum, teaching and learning”,
Indicator 4.2, says: “A clear emphasis on high levels of achievement in literacy and
numeracy is evident throughout the school”. No other indicators focusing on high level of
achievement were about science. Moreover, the Literacy and Numeracy Secretariat and
the Ontario Association of Deans of Education produces research monographs throughout
the year titled What Works? Research into Practice. As of May 1% 2016, a total of 63
monographs have been published and only two include science as a key topic whereas
more than 20 include literacy as a key topic, and approximately 10 are about topics
related to math. Also, as part of a larger research project published in 2014, the
Elementary Teachers’ Federation of Ontario conducted a study and asked teachers about
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all the professional learning activities they engaged in during the current school year of
the survey. Most of the time teachers allocated to professional learning time was spend
on board initiated activities at 37.5%, and 14.9% of their time was spent on ministry
initiated professional learning activities — which may have mostly been related to
numeracy and literacy (Ontario Ministry of Education, 2014).

Due to the predominance of numeracy and literacy in the school environment,
there were limited opportunities for ongoing learning in the school environment to
solidify, refine or reflect on what was learned in the out-of-school activities with coaches,
between teachers, or with Kristoff. As such, Anna, Elsa, and Belle’s learning may not
have been refined, solidified or reflected upon as much as it could have been if teachers
were provided with follow-up coaching sessions about science within the school
environment and during the school day. It was clear from the professional development
logs that there were no science coaches in the school environment considering that not
once did Anna, Elsa, or Belle record that they “received/provided coaching or mentoring
in the classroom”. The results from the logs were also consistent with the discussions
with Anna, Elsa, Belle, and Kristoff about not having in-situ science coaches. The
concept of Anna, Elsa, and Belle not having ongoing learning with science coaches who
could have provided regular feedback and the opportunity for teachers to reflect on their
science learning was contrary to reform-based professional learning. Pritchard and
McDiarmid (2005) explained that reflective practice is one of the main elements needed
for effective teaching and professional learning. Also, Guskey (2002) argued that, “if the
use of new practices is to be and changes are to endure, the individuals [teachers]
involved need to receive regular feedback on the effects of their efforts” (p. 387).
Generally, Ingvarson et al. (2005) discussed that the types of professional learning linked
to improved outcomes have provided opportunities for teachers to engage in pedagogical
dialogue and critical reflection and receive feedback. In this capacity, although Anna,
Elsa, and Belle perceived that their engagement in the CPL related to science helped to
improve their inquiry-based science teaching and the learning needs of their students
regarding science, without having followed-up or time to reflect on their learning within
the school once the out-of-school CPL opportunity was complete, their learning may not
have been as effective as it could have been.
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In addition to not having science coaches in the school environment, rarely did
Anna, Elsa, and Belle engage in CPL related to science within the school day. The one
form of in-situ collaboration with regards to science education that Elsa and Belle spoke
about happened in passing, in the photocopying room or when one quickly went into the
others classroom to ask a specific question: “hallway chatting”. Recall that Belle and Elsa
valued this type of collaboration about science because it was convenient and it was
about a specific question about a student or a concept; thus, it was tailored to their
specific needs in the classroom. Note that there was a discrepancy between the results
from the professional development logs and the teachers’ narratives about their hallway
chatting. The logs failed to reflect the amount of hallway chatting they engaged in
because as Belle expressed, they forgot about the conversations by the time they reached
their classroom because they moved on to completing other tasks. Regardless, research
has identified benefits of the unplanned, hallway discussions that related to the
experience of Elsa and Belle. For example, Elsa and Belle brainstormed ideas and
provided each other with constructive feedback. In turn, they were more likely to
successfully implement what they learned from the CPL activities (Cochran-Smith &
Lytle, 1999). It was unknown whether the hallway collaboration was the most preferred
learning interaction between Elsa and Belle but McLellan (1996) said that the most
preferred and common learning interactions between colleagues occurs spontaneously
through informal interactions and observations. Either way, the hallway collaborations
were embedded in the context of the task and were tailored to Elsa and Belle’s level of
science knowledge — aligning with Situated Learning Theory (Lave & Wenger, 1991).
Lastly, the hallway collaborations between Elsa and Belle aligned with the concept that
the interaction and relationship between teachers is a key aspect to coherence which was
identified as a key characteristic of CPL in general by Desimone (2009).

Besides the hallway collaborations, CPL related to science within the school
environment was not a regular or ongoing occurrence even though the School
Effectiveness Framework suggests that “knowledge and effective evidence-based
instructional practices are shared (e.g., though co-planning, co-teaching, mentoring,
inquiry and coaching)” (Section 2.4). For instance, Anna reported that she engaged in

only one collaborative activity before school with her science learning coordinator.
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During the school day, Anna, Elsa, and Belle recorded on their professional development
logs a total of five instances whereby they collaborated about science during their
preparation time. Anna, Elsa, and Belle expressed that they did not use their preparation
time to focus on science collaboration because they focused on numeracy and literacy.
For instance, Anna had to prepare her students for EQAO testing. The narrow focus of
EQAO tests has also been acknowledged by the Elementary Teachers’ Federation of
Ontario as they said the “emphasis on EQAO tests means less time is spent on other
subject areas, such as science” and moreover, EQAO “testing drives all the student
learning and teacher professional learning that goes on in their school” (Brand, March
2010). The issue of not having time to focus on science education was also echoed by
Cotabish, Dailey, Hughes and Robinson (2011) who went so far to say that
“unfortunately, research suggests that science is virtually ignored in the elementary
grades” (p. 16) because of the lack of time.

Research Question Four: What initiatives has the school principal taken to engage
teachers in CPL for science?

The response to the question is organized into three components: (a)
characteristics related to Kristoff’s leadership that affected Anna, Elsa, and Belle’s
engagement in CPL related to science, (b) the organization of the Grade 4-10 Transitions
and Pathways Collaborative Inquiry project, and (c) ministry factors that influenced the
in-school initiatives that Kristoff created to promote teacher collaboration and to use
those opportunities for science education.

Kristoff’s leadership influencing teacher CPL related to science. The
influences that affected Anna, Elsa, and Belle’s engagement in CPL related to science
within the school setting from the perspective of the Kristoff parallel other researchers
findings. For instance, Leclerc et al. (2012) studied influences affecting elementary
teacher engagement in CPL within the school environment in general, and related the
factors to the school principal. They found four important factors involving principal
leadership: (a) encouraging teachers to engage in CPL activities, (b) supporting and
providing follow-up for questions, (c) creating time for meetings, and (d) including

teachers in decision making.
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First, Leclerc et al. (2012) interpreted encouragement as the principal motivating
and being positive about teacher engagement in CPL. In the case of Kristoff, he was
greatly supportive of Anna, Elsa, and Belle’s voluntary engagement in CPL related to
science so that students can have a better learning experience. To lead by example,
Kristoff demonstrated the “importance of continuous learning through visible
engagement in [his] own professional learning” on an ongoing basis, as suggested in the
Ontario Leadership Framework under the section “Building Relationships and
Developing People”. Overall, Kristoff’s actions were creating a school culture that
supported professional learning, even for science education. The culture is vital
considering that the culture of the school may have a greater influence over teacher
learning than professional learning activities or programs — as mentioned by Luft and
Hewson (2014) who wrote about elementary science teaching. Overall, Kristoff’s
encouragement for teachers to pursue further learning is a trait of strong principal support
and leadership that helps shape the culture and school development, and is a valuable
component to professional learning and reform change (Rinke & Valli, 2010). Secondly,
Leclerc et al. (2012) found that supporting and providing follow-up for teacher questions
was an important component of principal leadership. For instance, if teachers wanted
resources, they hoped that the principal would purchase those resources to use with their
students. Or, if teachers had questions following a learning session, they hoped that the
principal would make time to address those questions in nearby meetings. In this
research, Kristoff provided Anna, Elsa, and Belle money for resources to conduct science
investigations with their students whenever they asked — he was supportive of teachers
implementing their learning in their classroom practice from the out-of-school CPL
activities related to science. However, due to the provincial mandates focusing largely on
numeracy and literacy, Kristoff struggled with making time to address questions related
to science during nearby staff meetings. Science was not the most pressing subject to
address and it was not something that was generalized to all teachers. Thirdly, Leclerc et
al. (2012) highlighted the concept of creating time for meetings: “having time set aside
during school hours for collaborative meetings is a crucial organizational factor” (p. 6).
Recall that Kristoff created common preparation blocks and academic teams that were
also recommended by researchers (e.g., Schnellert, Butler, & Higginson, 2008) to have
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teams of teachers collaborate to plan, set goals, reflect, assess student achievement, and
adjust their instructional practice. The issue was that although common preparation
blocks and academic teams were created, that time was hardly used for science education
because of the predominance of literacy and numeracy on teacher’s accountability and
workload. Moreover, due to the teachers’ Collective Agreement, Kristoff was unable to
tell the teachers to collaborate or take part in any tasks during the preparation time.
Lastly, Leclerc et al. (2012) found that involving teachers in decision making was
important. Teachers wanted their voice to be heard by the principal so that they saw and
noted that their input made a difference in the decisions the principal made. Leclerc and
colleagues are referring to a bottom-up leadership syle that Kristoff enacted. Recall that
Kristoff made release days optional and teachers were able to decided what subject they
wanted to focus on as long as it was aligned with the School Effectiveness Framework.
According to Kristoff, science was not included in the School Improvement Plan because
it did not align with the Board Improvement Plan for Student Achievement. In fact,
science is not mentioned in the Board Improvement Plan. Meanwhile, literacy and
numeracy are both mentioned once. However, Kristoff valued science, and he allowed
teachers to pursue science professional learning on release days if they chose to do so. It
turned out that no teacher in the school, including Anna, Elsa, or Belle used their release
time to focus on science. Recall that the Student Achievement Division from the Ontario
Ministry of Education supported the Grade 4-10 Transitions and Pathways Collaborative
Inquiry project and the Science Task Force and the Sector Projects were supported by the
school board. So, the teachers used their release time to focus on other learning activities
such as the Universal Design for Learning model. Also, considering that accountability
measures for science were not as stringent compared to literacy and numeracy, it is
possible that there was little incentive to participate in CPL related to science unless the
teacher was intrinsically or extrinsically motivated. The idea of not being intrinsically or
extrinsically motivated may be a reflection of the larger elementary teaching body in
Ontario as 67.3% of teachers in Ontario said that a barrier to their participation in
professional learning in general was that there was minimal incentive to participate in the

activity (Ontario Ministry of Education, 2014).
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Leading with the bottom-up leadership style and its effects on professional
learning and the school have been debated. According to van Driel, Beijaard, and
Verloop (2001) and others, bottom-up leadership is preferable because the top—down
approach to curriculum implementation often results in failed reform: “over and over
again, these reforms fail, and these failures are laid at the feet of the teachers who were
asked to do the challenging task of implementing the reforms” (Garii, 2006, p. 83). On
the other hand, Lowe and Appleton (2015) expressed that with bottom-up leadership
styles, professional learning is “left up to individual teachers to decide what they want to
improve in and to then seek out a workshop, course, or other means to improve their
skills and knowledge. This leaves schools and teachers with ad hoc training in a range of
different areas” (p. 847). Lowe and Appleton’s remark was true in terms of science
education with the study participants. Only Anna, Elsa, and Belle chose to spend time on
science. During the discussions with the teachers, they noted that other teachers chose not
to progress their learning about science and learn about DRiVe, nor did they teach using
the DRiVe model in their classroom instruction. As a result, Anna, Elsa, and Belle did
not have other teachers to collaborate with about science within or across their academic
teams because of the different teaching styles. Referring back to Lowe and Appleton’s
remark, the combination of Kristoff’s bottom-up leadership and the lack of emphasis on
science from the school board and ministry may have been sufficient reason for teachers
to not focus on professional learning related to science. This was ultimately a
disadvantage to teachers such as Anna, Elsa and Belle who were interested in science
because it limited their in-school science collaboration from a lack of teachers to
collaborate with.

The organization of the Grade 4-10 Transitions and Pathways Collaborative
Inquiry project. Whitworth and Chiu’s (2015) statement: “leaders who benefit from
consistent professional development themselves may be more proactive in facilitating
effective professional development” (p. 130) for his/her teaching staff related to Kristoff.
Kristoff sought “out relevant professional learning and resources to support educators”
(School Effectiveness Framework, Section 2.4). For example, Kristoff sought out,
initiated, and headed the Grade 4-10 Transitions and Pathways Collaborative Inquiry
project whereby Anna, Elsa and Belle collaborated with the nearby high school science
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teachers to learn how to better prepare their students for high school science. So, Kristoff
played an important role in science education reform at the public school by connecting
Anna, Elsa, and Belle with resources to improve their science teaching (Spillane,
Diamond, Walker, Halverson, & Jita, 2001) and by being “engaged in professional
learning with staff” (School Effectiveness Framework, Section 2.4). The concept of the
school principal engaging in professional learning with their teaching staff was also
highlighted by Brownlie and colleagues (2011). Kristoff’s actions with the Grade 4-10
Transitions and Pathways Collaborative Inquiry project were parallel to what the Ontario
2007 revised curriculum for science and technology stated about the roles and
responsibilities of principals: “to enhance teaching and student learning (...) principals
promote learning teams and work with teachers to facilitate teacher participation in
professional development activities” (p. 8). Also, his leadership on the project aligned
with the Ontario Leadership Framework and its conception of promoting a collaborative
learning culture by “enabling schools, school communities and districts to work together
and to learn from each other with a central focus on improving teaching quality and
student achievement and well-being” (p. 8). Lastly, the fact that Kristoff initiated this
project and teachers altered their science instruction based on their learning; it supported
others researchers (e.g., Banilower et al., 2007; Corcoran et al., 2001) who have claimed
that school leadership plays a critical role in improving science teachers’ instruction
through professional learning and other administrative practices.

Ministry factors that influenced other CPL opportunities related to science
from Kristoff’s leadership. Besides the Grade 4-10 Transitions and Pathways
Collaborative Inquiry, the remainder of Kristoff’s initiatives to engage teachers in CPL
were not directly related to science education. Two two main reasons were: (a) science
was not a priority in elementary education, and (b) Kristoff was limited by the teachers’
Collective Agreement. Although the creation of academic teams and teachers having
common preparation time aligned with several board requests and the research literature,
the academic teams usefulness for science education was limited by the teachers’
Collective Agreement in the sense that Kristoff could not tell the teachers what to do
during that time. For example, it is in the Collective Agreement that teacher preparation

time is not for meetings (e.g. meetings for: common planning, teacher performance
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appraisal and evaluation, parents, administration, etc.), and teachers are not obligated to
coordinate and use common time together. Thus, from the perspective of Kristoff, the
issue of not having enough time for ongoing CPL regarding science within the regular
school day was that the time to collaborate is not mandated in the teachers’ Collective
Agreement. Therefore, as Kristoff questioned, “now what do you do to facilitate it
[teachers’ CPL]?”

The two reasons about science not being perceived as a priority in elementary
education, and Kristoff being limited by the teachers’ Collective Agreement were not
unique to this research. The first reason for science not being predominate in Ontario’s
education was supported by Halverson and colleagues (Halverson et al., 2011) who
paralleled Kristoff’s opinions when saying: as the local leaders “gauge competing
pressures to improve different areas of the instructional program, science reform seldom
emerges as the top priority (even as international comparisons push science as a national
priority)” (p. 412-413). Moreover, this was a reason for the lack of congruency between
Kristoff’s push for strong reform-based practice regarding science and the need to
improve student achievement in science. As Kristoff expressed, reform efforts have been
worked to reshape mathematics and language arts instruction in response to the
standardized tests, and schools have increased the allocated teaching time for
mathematics and literacy instruction but have reduced the resources available for science
(Halverson et al., 2011). Next, Kristoff’s perceived limitations stemmed from the
teachers’ Collective Agreement. Recall that Kristoff established an internal support
system in the school environment that aligned with the School Effectiveness Framework,
Section 2.4: he created “conditions (time to meet and talk, common planning time) that
promote collaborative learning cultures” by creating academic teams. The teams also
aligned with the School Effectiveness Framework, Section 2.1 as they promoted teacher
“collaborative learning, inquiry, co-planning and or co-teaching [to] inform instructional
practice to meet the needs of students” and to build “capacity to strengthen and enhance
teaching and learning”. The creation of academic teams met the suggestions from: (a) the
Ontario Leadership Framework for the principals to create “a structure of teams and
groups that work together on problem solving” (under section titled, developing the
organization to support desired practices); (b) the Ontario Ministry of Education, 2007
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revised curriculum for science and technology which states that school principals are
responsible for promoting teachers “learning teams” and to assist teachers in their
participation in professional learning; and (c) the research literature suggesting that for
principals to support teacher learning, principals should provide teachers with scheduled
time for uninterrupted meetings, space, resources to support their ideas, encouragement,
and professional learning (e.g., Ermeling, 2010; Richardson, 2007; Slavit et al., 2010).

Research Question Five: What factors contribute to, or hinder, teacher CPL related
to science?

To address the research question without being repetitious with what has been
said above, only additional influences on teacher engagement in CPL related to science
are discussed.

Limited time for CPL about science. The lack of time for CPL about science
was addressed throughout the research findings and discussion. Thus, an additional
reason for why Anna, Elsa, and Belle may have valued CPL related to science was not
only because it helped improve their science teaching, their participation was perceived
to have helped reduce their planning time for science. The teachers did not have to
independently develop lessons and the collaborative input into designing lessons was
perceived as helpful because different ideas were put forth that may not have otherwise
been developed if lessons were planned independently. Their collaboration provided an
opportunity to learn about “how others do similar tasks in their classrooms” (Belle), so
they learned about “more ideas that you don’t have to seek out on your own” (Elsa) and
could apply to their classroom teaching. The concept of having time to share ideas with
one another was important considering that the second greatest inhibitor to their science
teaching was the time available to plan and prepare for science lessons. Anna, Elsa, and
Belle were classroom teachers who were responsible for preparing for all core subjects to
their homeroom students so the time they could spend planning for science alone was
limited. Similarly, other research studies investigating elementary school science teachers
found that teachers were concerned about the time to prepare for science instruction and
time in general for science education (e.g., Dailey & Robinson, 2016; Lowe & Appleton,
2015). In terms of Lowe and Appleton’s (2015) study, the teacher participants were

concerned about the time for teacher professional learning in order to discuss the
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curriculum and inquiry pedagogy, and they were concerned about the lack of time they
had to plan for teaching and to access the required materials to teach with while applying
inquiry teaching strategies. The elementary teachers in Lowe and Appleton’s (2015)
study expressed that “there was no specific time devoted to science planning and
preparation within teams or year levels unless it was teacher-initiated in their own time”
(p. 854).

Limited number of teaching partners to collaborate about science. Recall that
Anna, Elsa, and Belle spoke about how they felt as though there were a limited number of
teachers to collaborate with in the school setting because the majority of teachers did not
share similar teaching styles for science - using the DRiVe model. As such, Anna, Elsa,
and Belle perceived their collaboration to be limited to their respective academic teams at
the elementary school. However, these perspectives were contrary to an argument
presented by Brownlie, Fullerton, and Schnellert (2011) who said: “Teachers do not have
to teach in similar styles to coordinate what they do and to reinforce key concepts,
thinking skills and approaches” (p. 30). It may have been that Anna, Elsa, and Belle were
not open minded or willing to work with other teachers on their team or across teams to
teach others about the DRiVe model and why science should be taught though inquiry.
Reasons may have included not having enough time during the school day, not being in
close enough proximity to other teachers to regularly collaborate with them considering
the large size of the school, or not wanting to take on the leadership role of educating
other teachers to eventually develop shared instructional strategies across the school for
science education.

Teacher beliefs. In relation to Lave and Wenger’s (1998) theory of Situated
Learning, the teachers should theoretically progress toward a “full participant” as they
actively engage in and become enculturated in the Community of Practice related to
science — whether that was the community from the Science Task Force, the Sector
Projects, or amongst themselves at the elementary school. Lave and Wenger (1991) did
not propose how long it could take for teachers to progress from a beginner to a full
participant. Nevertheless, Anna, Elsa, and Belle believed that regardless of the number of
years they had been teaching, regardless of whether they were considered a beginner or
experienced teacher according to the Ontario Ministry of Education, and regardless of
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how long they actively engaged in a community within various Sector Projects, the
Science Task Force, or amongst one another within the school environment, they felt as
though they would always remain a legitimate peripheral participant (beginner) in a
community. The reason was that each teacher perceived science to be dynamic in nature:
science was an evolving subject that requires refining, reinterpreting, and coming to new
understandings about how to teach science. Given this, Anna, Elsa, and Belle perceived
that they could not and would not become experts at teaching science.

In terms of believing that science is dynamic in nature, Anna, Elsa, and Belle
were attuned to the fact that investigations included several variables that could be
altered, and that different students could think of altering different variables.
Consequently, science was not a subject that could be taught and learned in a similar
manner year after year as different students could treat investigations differently. As Elsa
expressed, science is unlike math where “a triangle is a triangle” and regardless of the
students, the triangle will forever be a triangle. Thus, Anna, Elsa, and Belle believed that
they would not become an expert science teacher, regardless of their ongoing
participation in CPL activities regarding science because (a) science is an evolving
subject, and (b) the concept of investigations change depending on the students. The two
reasons parallel researchers who believe that when addressing teacher beliefs, they cannot
be separated from the context in which they occur because they are situational (e.g., Fives
& Buehl, 2012; Chant, 2009; Levin et al., 2013). Anna, Elsa, and Belle believe science is
situated based on their particular students who create a different social and cultural
environment — as beliefs are also influenced by the social and cultural context that
teachers engage in daily (e.g., Beijaard et al., 2004; Fairbanks et al., 2010). In addition,
Anna, Elsa, and Belle’s opinion that they would not become expert science teachers
because science is constantly changing aligns with their beliefs about science teaching
and learning. Based on the Beliefs About Reformed Science Teaching and Learning
guestionnaire, each teacher held a reformed perspective about teaching and learning
science that is theoretically underpinned by social constructivism. Anna, Elsa, and Belle’s
beliefs appeared to be congruent with the definition of the nature of science as written in
the Ontario 2007 revised curriculum for science and technology: “science is a dynamic
and creative activity (....) Scientists continuously assess and judge the soundness of



158

scientific knowledge claims by testing laws and theories, and modifying them in light of
compelling new evidence or a re-conceptualization of existing evidence” (p. 4). For
instance, Anna, Elsa and Belle believed that science was learned and taught through
inquiry-based investigations whereby they used constructivist-based, collaborative
activities to engage students in asking questions and planning procedures, then record
observations, organize the data and draw conclusions to then communicate their findings
— aligning with the Ontario 2007 revised science and technology curriculum.

Anna, Elsa, and Belle’s reform-based beliefs about science learning and teaching
were consistent with the type of activities they engaged in during the out-of-school
activities (Science Task Force and Sector Projects). Given that the teachers implemented
the inquiry-based investigations into their classroom teaching as often as possible, their
actions supported the notion that their beliefs about the nature of science and the learning
and teaching of science can act as a filter as to whether and how teachers enact reform-
based instructional strategies in their classroom practice (Sampson et al., 2013).
However, the teachers felt that the implementation of inquiry-based instructional
strategies was influenced by external factors that hindered the relation between teaching
beliefs and instructional strategies implemented in the classroom - as suggested by Buehl
and Beck (2015). Anna, Elsa, and Belle felt that they were unable to facilitate inquiry-
based investigations all the time, or as Kristoff hoped for with the 80/20 model whereby
80% of the class students complete hands-on learning activities and the remainder 20% of
the class was teacher-centered, traditional teaching. Anna, Elsa and Belle felt that they
needed to use traditional teaching strategies because: (a) not all students knew how to
engage in DRiVe activities, (b) students needed help to consolidate and draw conclusions
about their investigations, and (c) the teachers needed to help their students understand
the theory behind the activity. The teachers believed that the three scenarios above arose
from the fact that some of their students were not prepared for DRiVe investigations
because their previous teachers taught science from textbooks rather than hands-on
investigations - about half of their students’ knowledge and skills about DRiVe had not
been developed as they progressed through each elementary school grade. Based on the
narratives from Anna, Elsa, and Belle, not all elementary teachers voluntarily engage in
CPL related to science education to be able to guide students through the scientific
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inquiry/experimentation skill continuum outlined on in the Ontario 2007 revised
curriculum for science and technology using the DRiVe model. The reason is that there is
no push from the ministry to engage and learn the DRiVe model. Thus, Anna, Elsa, and
Belle found themselves learning how to teach the DRiVe model along with providing
students with a platform to engage in the activity if they were considered to be competent

or proficient on the continuum for scientific inquiry and experimentation skills.

Chapter Summary
Given the complex nature of Ontario’s elementary education, this research
identified the interconnectedness of three overarching concepts that emerged from the

participant data and infiltrated multiple themes discussed in the research findings.

1. The lack of emphasis on science in Ontario’s elementary education

2. The limited time available for CPL about science

3. The limited number of teaching partners to collaborate about science
The selected insights predominantly influenced elementary teacher engagement in CPL
related to science, which then made way for the broad implications, study limitations and

future recommendations that are discussed in the next chapter.
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CHAPTER VII: RESEARCH IMPLICATIONS, LIMITATIONS, AND
FUTURE RECOMMENDATIONS
Research Implications

This single qualitative case study provides a snapshot of elementary teachers and
their school principal’s multiple and competing views about personal and contextual
factors affecting teacher engagement in collaborative professional learning as this related
to science education within the school environment. By placing teachers and their
administrator at the centre of this research, they were central to understanding the nature
of collaborative professional learning within the elementary school model and were key
to better understanding the affordances and constraints associated with this enactment.
This study was viewed through the lens of Situated Learning Theory (primarily discussed
by Lave and Wenger, 1990) for the reasons that viewing knowledge under the situated
theory has implications for understanding teacher learning and the design of instructional
activities. The research findings and the synthesis of the findings for each research
guestion brought forth research implications that are interrelated to the idea of including
instructional science coaches as a component of collaborative professional learning

situated within the school environment:

e Part One: Ongoing learning with instructional science coaches embedded in the
school is necessary for inquiry-based skill transfer to the classroom for improved
student achievement.

e Part Two: Strategies to include instructional science coaching as a component of
collaborative professional learning related to science situated in the school
environment.

e Part Three: Benefits of including science in the School Effectiveness Framework
K-12, and having time for collaboration in teachers’ Collective Agreement
include the potential of having instructional science coaches as a component of

collaborative professional learning that is ongoing within the school environment.
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The purposes of addressing the research implications are to help to: (a) tailor ongoing
collaborative professional learning within a school setting by understanding and adapting
to contextual factors to support science teacher engagement in collaborative professional
learning and their science learning and teaching; (b) bridge the gap between theory-
driven academic endeavors about the process of how teacher science learning occurs via
collaborative professional learning, and current practice-oriented approaches; and (c)
open the lines of communication between educational science researchers, school
administrators, and teachers alike to help align goals and improve efforts to strive for
effective participation in collaborative professional learning to improve Ontario’s science
education. Note that there are multiple ways to interpret qualitative data as it is subjective
in nature. My interpretations of the data have been thought about in depth, greatly
reflected upon, and have been discussed in relation to the research literature and
theoretical perspectives. | acknowledge that my personal background discussed in the
introduction of this study (see Chapter I) may have colored the discussion.

The limitations of this study are outlined according to ones related to the research
participants and the research methodology. Lastly, I will conclude with a series of
recommendations for future research on this phenomenon. | recommend a number of
modifications to the current study to develop a more in-depth understanding of teacher
engagement in collaborative professional learning regarding elementary science
education, how teacher engagement translates into their teaching practice, and how it

influences their student’s science learning.

Part One: Ongoing learning with instructional science coaches embedded in the
school is necessary for inquiry-based skill transfer to the classroom for improved
student achievement.

This research study adds to the existing literature explaining that it is necessary to
move forward from the common “train and hope” philosophy (Sparks, 2002) of short-
term and/or one-time form of professional learning. As much as professional learning can
improve teacher knowledge of inquiry and the skills involved in inquiry teaching (Haney,
Wang, Keil, & Zoffel, 2007; Vanosdall, Klentschy, Hedges, & Weisbaum, 2007), this
learning does not necessarily translate into teachers altering their instruction in the

classroom to suit learners needs (Desimone, 2002; Opfer & Pedder, 2011) or to improve
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student achievement (Desimone, 2002; Joyce & Showers, 2002; Yoon et al., 2007). For
example, Anna, Elsa, and Belle highlighted that the professional learning that occurred
during the professional activity days — a form of traditional professional learning - was
often made without references to situated problems of classroom life (Hattie, 2008) and
failed to distinguish between different teaching styles, schools or classroom contexts, or
the individual needs of teachers (Boyle et al., 2005). In this capacity, with the “demands
for improved science education, teachers, administrators, and school districts are facing
the dilemma of adding quality science instruction to their already full day” (Dailey &
Robinson, 2016, p. 139), this research study found that there needs to be the development
of effective collaborative professional learning activities situated in the school
environment that includes instructional science coaching to support effective teaching
practices, and in turn, student learning outcomes (e.g., DeMonte, 2013; Yoon et al., 2007)
for science education — especially considering that teachers need to have the knowledge
and skills that are embedded in the new curriculum (Akerson et al., 2009; Kimble, Yager,
& Yager, 2006) and in this scenario, from the Ontario 2007 revised science and
technology curriculum. The implementation of new reform-based science curriculum
often requires teachers to make adjustments to both their understanding of subject matter
and to their learning and teaching of science. Without the support of instructional science
coaches, teachers are inclined to become frustrated and return to previous methods of
teaching (Fraser, 2007), particularly when elementary teachers are mostly classroom or
general teachers who do not know how to successfully teach inquiry (Bybee & Fuchs,
2006). Chen et al. (2015) explained that providing teachers with training, resources, and
personalized feedback within their working context may be the most effective way to
generate changes to teacher practice and beliefs about science education. Harris and
Jones (2010, 2011) also emphasized that learning from collaborative professional
learning activities related to science must focus on the teacher and work relentlessly to
improve teacher pedagogy so that student needs are effectively met. As such, based on
the findings from this research study along with suggestions from Chen and colleagues,
and Harris and Jones, elementary teachers who teach science need to be guided by an
instructional science coach. For instance, while Anna, Elsa, and Belle took part in the

Science Task Force and the Sector Projects where they were accompanied by
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instructional science coaches, they found those activities to the most effective
collaborative professional learning related to science education. Anna, Elsa, and Belle’s
learning was focused on inquiry processes and the transfer of knowledge and skills
learned in the collaborative professional learning activities to their classroom practice.
So, the instructional science coaches met the teachers’ needs by being responsive to their
specialized needs while maintaining an objective view of the big picture of elementary
science education.

Instructional science coaching is the focus of the research implication. Beyond the
research participants expressing their desire for instructional science coaching, Habegger
and Hodanbosi (2011) suggested that instructional coaching is the best model of coaching
as it provides “ongoing training that addresses the issues teachers face daily in their
classrooms and is aligned to state standards, curricula, and assessments” (p. 36). Sailors
and Shanklin (2010) described instructional coaching as “sustained class-based support
from a qualified and knowledgeable individual who models research-based strategies and
explores with the teacher how to increase these practices using the teacher’s own
students” (p. 1). Additionally, Taylor (2008) said that instructional coaching is a form of
instructional leadership “characterized by non-supervisory/non-evaluative individualized
guidance and support that takes place directly within the instructional setting ... intended
to promote teachers’ learning and application of instructional practice (p. 13). The most
commonly referenced components of instructional coaching were highlighted by Knight
(2006): equality, choice, voice, dialogue, reflection, praxis, and reciprocity. Generally,
roles served by the coach include modeling lessons, observing with feedback, supporting
teachers, and developing the teacher’s capacity to reflect on instructional practice
(Walpole & Blamey, 2008). For the teacher, coach-encouraged self-reflection provides
the necessary scaffolding toward independence from the coach as the teachers practice
identifying their own strengths and areas for improvement (Collet, 2012; Powell,
Diamond, Burchinal, & Koehler, 2010). One of the ultimate goals of coaching includes
developing the teacher’s ability to independently reflect, make instructional decisions,
and determine the effectiveness of instruction so that they can adjust future lessons
(Knight, 2007) to improve their instruction and student learning. The concept of

reflection is a central component of situated learning because it evokes interpersonal
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insights and fosters teacher’s revising their current understandings (McLellan, 1996).
Reflection enables teachers to compare their understanding of a concept, and the
application of the concept using inquiry-based procedures with the understandings from a
coach and/or other teachers, particularly within the community. The process of having
teachers reflect on their instructional practices was noted in previous research as
supporting the transformation of new skills and strategies into the teachers’ classrooms
(Cantrell & Hughes, 2008; Lotter, Yow, & Peters, 2013). Cantrell and Hughes (2008)
further noted that to be an effective element of change, self-reflection on teachers’
abilities is essential.

Anna, Elsa, Belle, and Kristoff’s enthusiasm for instructional science coaches to
be included in collaborative professional learning occurring in the school environment
has been echoed in the research literature. In 2009, Cornett and Knight found that
teachers only implement their newly learned teaching strategies from common summer
workshops 15% of the time. Meanwhile, if the professional learning is followed with
instructional coaching, teachers successfully implement newly acquired teaching
strategies upward to 85% of the time. Moreover, the authors expressed the positive
impact of coaching on teacher attitudes, teaching practice, and efficacy. Similarly, Knight
(2006) found that with instructional coaching, there was a 70% increase in teacher
implementation of new instructional practices. This demonstrates that coaching and
professional learning need to go hand-in-hand. Driscoll (2008) highlighted that coaching
is not an independent construct. Coaching is well-documented in the research literature as
a component of professional learning that helps to build teacher skills and facilitates
effective implementation in education (Houston, 2015; Reinke, Stormont, Herman, &
Newcomer, 2014). Although there has been sufficient evidence to support the benefits of
instructional coaching, particularly for numeracy and literacy, coaching in science is rare
(DeChenne et al., 2014; Kraus, 2008). Descriptive research shows that science coaching
may help elementary and middle school teachers implement inquiry-based instruction and
may have an effect on student achievement in science (e.g., Bransfield, Holt, & Nastasi,
2007; Dempsy, 2007). More recently, DeChenne et al. (2014) conducted a descriptive
case study using mixed methods. The participants included seven science coaches and

nine elementary teachers engaging in a summer professional learning experience that
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continued into the teacher’s classroom during the school year. Like Anna, Elsa, and
Belle, the teacher participants felt that the instructional science coaches helped to develop
and clarify their understanding of inquiry and improved their science classroom
instruction by helping create inquiry lessons. In terms of the relationship between the
amount of time the teacher and coach spend together and improvements in teacher
practice, there is limited research attempting to identify a duration of coaching necessary
to promote change, particularly in science teacher practice. For instance, Anderson,
Feldman, and Minstrel’s (2014) five-year mixed methods study on science coaching
reported a strong relationship between the amount of time the teacher and coach spend
together and improvements in teacher practice. The study quantifies the time to be “at
least 10 hours for elementary teachers” (p. 2). Also, Houston’s (2015) research found that
it took a minimum of 8-9 sessions between an instructional science coach and a science
teacher for the teacher to effectively implement inquiry-based approaches in their
classroom practice for an inquiry unit.

From a theoretical standpoint, the social learning aspect of Situated Learning by
Lave and Wenger (1991), and Wenger’s (2000) community of practice connects to the
research implication of including instructional science coaches in the school environment
as a component of collaborative professional learning for science. Having instructional
science coaches within the school environment abides by Situated Learning theory,
considering that from this lens, collaborative professional learning related to science
cannot be isolated from the complex interplay of teachers and their social teaching
environment; their learning must be situated in the context it will be applied for it to be
effective (Lave & Wenger, 1991). Therefore, with instructional science coaches in the
school, there is a function of social learning between a coach and a teacher in relation to
the teaching environment, including its cultural norms. The learning interactions that can
occur between a coach and a teacher also abides by Wenger’s (2000) definition of a
community of practice: a group of individuals with a shared interest, who engage in
learning activities with one another while building trustworthy relationships. The learning
activities between the instructional science coaches and the teachers include sharing
resources, tools, knowledge and stories. The overall benefit of the interactions between
the teacher and coach would be that the teachers would formulate new or refined ideas,
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strategies, and/or reflections about his/her science teaching and instruction, and the coach
may learn new ideas and approaches about how to best support teachers learning. In
terms of the social learning process, the teachers would socially engage in learning
through collaborative conversations with the instructional science coach. The learning
would occur just as Anna, Elsa and Belle’s did by assuming the role of the beginner
learner or the legitimate peripheral participant and the instructional science coach taking
the role of the expert. With these roles, teachers are able to first watch an investigation
performed by the instructional science coach to develop tacit knowledge. Then, teachers
can take part in the task while engaging in discussions with the instructional science
coach and fellow teachers to address questions and concerns and reflect on their learning.
As more complex skills are developed, teachers can perform and understand tasks with
decreasing levels of support from coaches (McLellan, 1996). Also upon practicing
investigations with a coach, skills are developed, refined, and extended to more complex
skills that can be transferred to other relevant and applicable situations. Lastly, with the
assistance of a coach, the teachers gain confidence in their science learning and teaching
and may further engage with one another in more activities regarding the content being
learned and develop a language and belief system amongst the group of learners -
engaging in the process of enculturation.

Overall, instructional coaching is necessary for science education considering that
policies call for students to become scientifically-oriented citizens and for teachers to
shift toward the use of inquiry teaching strategies for learning and teaching science
education (Crawford, 2014). In conjunction to what is known from the literature, it was
evident from discussions with Anna, Elsa, Belle, and Kristoff that instructional coaching
needs to be an integrated component of collaborative professional learning in the school
environment. Borman, Feger, and Kawami (2006) who conducted a meta-analysis of
instructional coaching echoed Anna, Elsa, Belle, and Kristoff in the sense that they found
that the emphasis of instructional coaching is placed on “professional collaboration, job-
embedded professional development, and differentiated roles for teachers” (p. 2). The
aspect of job-embedded professional learning is critical as “teacher learning must occur
over time as close to the classroom as possible rather than in isolated moments in time. It

also means that teacher learning occurs continuously over their entire professional life
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span” (Nova Scotia Department of Education & Early Childhood Development, 2011, p.
2). A problem is that it seems as though the ministry and the board are asking teachers to
engage in reform-based practices for science, but have yet to provide teachers with
sufficient collaborative professional learning opportunities within the school that align
with what they are asking the teachers to do in their classroom, specifically, inquiry-
based teaching using the DRiVe model for elementary science education. The findings
from this research study identified three primary limitations outlined in the discussion
chapter (Chapter V1), hindering teacher engagement in collaborative professional
learning activities to learn how to teach science according to the reformed curriculum
(time, predominance of numeracy and literacy, available teaching partners). Next, | will
discuss strategies for incorporating instructional science coaches as a component of

collaborative professional learning situated in the school environment.

Part Two: Strategies to include instructional science coaching as a component of
collaborative professional learning related to science situated in the school
environment.

Kristoff was greatly supportive of instructional science coaching in the school
environment on a regular basis so that teacher learning in science was ongoing, refined
and solidified. Kristoff’s bottom-up leadership style also provided a strong foundation to
have instructional science coaches within the school environment because successful
coaching within the school environment requires the school principal to have a bottom-up
leadership style and involve teachers in decision-making roles (Gill, Kostiw, & Stone,
2010). However, based on the research findings, instructional science coaches were not in
the school environment supporting teacher science learning largely because of the
predominance of literacy and numeracy occupying time and fiscal resources. Similarly,
Wayne and colleagues (Wayne, Yoon, Zhu, Cronen, & Garet, 2008) argued that sustained
collaborative professional learning that includes the coaching component was financially
taxing. Moreover, Wayne and colleagues argued that this approach to collaborative
professional learning was the most expensive model available and may not be the most
practical, even though the combination of a coach, paired with ongoing professional
learning, provided direct application of training to the teacher’s classroom. Other

researchers (e.g., Guskey, 1991; Garet et al., 2001) have also mentioned that effective
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professional learning requires substantial resources, funding, and a clear professional
learning plan. Funding an entire school for high quality continuous professional learning
is costly and often outside school budgets. Regardless, Kristoff and the teacher
participants believed that the education system should make changes to allocate time and
resources to provide teachers with access to instructional science coaches within the
school environment on an ongoing basis. Thus, this research study is one step forward
amongst a debated topic to show the need to rearrange fiscal resources and time to have
instructional science coaches embedded in the school environment to assist the teachers
with their classroom needs. To do so, instructional science coaching as a principle
component of teacher collaborative professional learning that is part of the daily routine
of teachers needs to be implemented by making changes at the ministry and board level.
The two main suggestions that arose from the research findings include incorporating: (a)
science into the School Effectiveness Framework, and (b) time for collaborative
professional learning in teachers’ Collective Agreement.

The purpose of making the noted changes is that every teacher needs to be
actively engaged in professional learning. For that to happen, district and school leaders
need to be able to integrate collaborative professional learning opportunities into regular
teaching practice rather than considered as “add-ons” to teacher workload (Belchetz &
Witherow, 2014). Recall that teacher workload was the number one inhibitor to Anna,
Elsa, and Belle dedicating time to their science teaching and planning; their time was
primarily dedicated to tasks related to numeracy and literacy. To further support the idea
that changes to board level factors need to be a step forward toward implementing
instructional science coaching as a principle component of teacher collaborative
professional learning that is part of the daily routine in 2011, Michael Fullan, and Jim
Knight wrote the article, Coaches as System Leaders. In line with this research study,
Michael Fullan’s work is situated within the context of Ontario, and at the time of writing
the article, he was the special advisor to the Ontario’s premier and minister of education.
Also, Jim Knight is the current director of the Kansas Coaching Project and is well
known for his work on instructional coaching in education. The authors made three points
that resonated with the research implication: (a) there needs to be a system change to
embrace educational reform at the teacher and district level, (b) the school district needs
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to focus on teachers’ instructional improvement with the aid of coaching or else
curriculum reform efforts will not succeed, and (c) school principals need to lead with an
instructional, bottom-up leadership style as did Kristoff. Overall, Fullan and Knight
expressed that the Ontario Ministry of Education, the school boards, and individual
schools need to be aware that: “teachers are the most significant factor in student success,
and principals are second, then coaches are third (....) the work of coaches is crucial
because they change the culture of the school as it related to instructional practice” (p.
53). Thus, the value of coaching and the demand for coaching cannot be ignored.

Incorporating science into the School Effectiveness Framework. The 2013 K-
12 School Effectiveness Framework (SEF K-12) “supports the core priorities of the
Ontario Ministry of Education” (SEF K-12, pg. 3). The three core priorities include: (a)
high levels of student achievement, (b) reduced gaps in student achievement, and (c)
increased public confidence in publicly funded education. Thus, the focus of the
framework is on the students, and then identifying supports that teachers need to meet the
needs of the students. One means to support the students is for teachers to engage in
*ongoing job-embedded professional learning for educators” (p. 4). The concept of
ongoing professional learning is described in the SEF K-12:

Professional learning communities judge their effectiveness on the basis of
results. Every educator participates in an ongoing process of identifying current
levels of achievement, establishing goals to improve those levels, and working
together to achieve those goals. Sustaining an effective professional learning
community requires that school staff focus on learning as much as teaching, on
working collaboratively to improve learning, and on holding themselves
accountable for the kinds of results that fuel continued improvements. (p. 16)

Thus far, the SEF K-12 distributed from the Ontario Ministry of Education is supportive
of teachers participating in ongoing collaborative professional learning to improve their
learning and teaching. In fact, Indicator 4.3 states that “teaching and learning in the 21°
Century is collaborative” (p. 29). The problem is that the subject of science is not
specifically addressed in the SEF K-12 — unlike Indicator 4.2 that states: “A clear
emphasis on high level of achievement in literacy and numeracy is evident throughout the
school” (p. 27). It is apparent that there is a singular focus on numeracy and literacy,

which was also apparent throughout the research findings of this study. There are
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repercussions of the SEF K-12 only highlighting the importance of numeracy and literacy
because the main purpose is to act as a “self-assessment tool” for individual schools (see
SEF K-12, p. 3 for more detail). On page 6 of the SEF K-12, it explains that individual
schools need to “review the components and indicators in the SEF K-12 and determine
areas requiring attention in developing the School Improvement Plan”. The school
improvement plan is “a road map that sets out the changes a school needs to make to
improve the level of student achievement, and shows how and when these changes will
be made” (School Improvement Plan, p. 6). Then, the School Improvement Plan is shared
with the board as the individual school improvement plans have to align with the SEF K-
12. Once the school improvement plan is finalized, it is necessary to plan for
“professional learning based on the specific actions/strategies in the School Improvement
Plan” (SEF K-12, p. 8). The point is that science is not a key priority in the SEF K-12;
therefore, individual schools largely do not plan their areas of school improvement to
include science, and in turn, science is not a main priority for professional learning. This
was evident in the current research study, although Kristoff recognized the importance of
science and encouraged and supported his teaching staff to engage in the out-of-school
collaborative professional learning activities related to science.

For science to become a priority in Ontario’s elementary education, a suggestion
is to first include it in the SEF K-12 so that when individual schools address what
changes need to be made to better support student learning, they can include science in
their school improvement plan and designate time and resources to have instructional
science coaches situated in the school environment to support teacher learning and
teaching. With science in the SEF K-12, individual schools can “integrate ministry
initiatives and policies [including science], enhance teaching and learning [about science]
and impact growth in student achievement, engagement and well-being” relate to science
(p. 4). Otherwise, science may continue to be put on the backburner. Anna, Elsa, Belle,
and Kristoff pointed out that there was a lack of push from the Ontario Ministry of
Education for teachers to teach science using the DRiVe model. Thus, not all teachers
were as interested and eager to pursue learning about DRiVe for science education.
Perhaps the general view of investing time into learning about science and how to teach
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inquiry-based science would shift if there were indicators in the SEF K-12 relating to
science, as well as initiatives in the School Improvement Plan regarding science.

Incorporating time for collaborative professional learning in teachers’
Collective Agreement. In addition to including science in the SEF K-12, changes to
teachers’ Collective Agreement, which is negotiated at the board level, need to be made
to encourage collaborative professional learning related to science. In particular, two
areas are discussed: (a) including time for collaborative professional learning during the
school day, and (b) rearranging professional activity days to better meet the needs of
teacher learning.

First, currently the teachers’ Collective Agreement does not designate time for
teachers to collaborate during the school day. Unless designated time is included in the
Collective Agreement, collaborative professional learning may continue to be thought of
as an add-on to teacher workload as it may not be perceived to be valued at the board
level, especially for science if it continues not to be included in the SEF K-12. Even if
teachers would like to collaborate about science, they do not have the time within their
work day. As Kristoff mentioned, until changes are made to the Collective Agreement to
value collaborative professional learning, the ministry and board can write down that it is
important and beneficial, but the writing will not necessarily translate into practice at the
teacher level amongst all teachers and staff. Thus, collaborative professional learning
needs to be put into the Collective Agreement so that the school principal can schedule
time in the teacher timetable for collaborative professional learning, which may be used
to address science also on the condition that science is included in the School
Effectiveness Framework and School Improvement Plan (at the discretion of the
teachers). Lastly, if time for collaborative professional learning was included in the
teachers’ Collective Agreement, and there were instructional science coaches regularly
guiding the teachers, it may help mitigate the issue of teachers not having enough time or
the proper resources to plan for and conduct science investigations. For instance, in the
paper titled, Improving student achievement in literacy and numeracy: job-embedded
professional learning, by the Ontario Literacy and Numeracy Secretariat, it was quoted
that coaches can “provide all the materials teachers need to implement a strategy or

routine, to help teachers transfer research into practice (....) Coaches also co-write lesson
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plans, create overheads or co-teach to give teachers additional time” (Fullan, Hill, &
Crevola, p. 5). Although the article was written in the context of literacy and numeracy,
the same concepts could be applied to instructional science coaches for the purpose of
science education.

Secondly, the teachers’ Collective Agreement includes regulating the number of
professional activity days. Recall that these days were perceived by the teachers to not
help them learn about and teach science using the DRiVe model. While it may seem like
a financial risk to redistribute time, resources, and priorities to have ongoing instructional
science coaches within the school environment to help teachers apply inquiry-based
science pedagogy to their classroom practice, it is crucial to compare that risk to the fact
that teachers, the main implementers of the science curriculum (Kimble et al., 2006;
Roehrig & Kruse, 2005), believe the current professional activity days are largely
ineffective for professional learning related to science because the priority is on
numeracy and literacy. To support their perspectives, on December 18", 2015 George
Zegarac, the Ontario Deputy Minister of Education issued a memo titled, 2015-2016
Additional Professional Activity Day and School Year Calendar. The memo discussed the
amendment to the Ontario Regulation 304, School Year Calendar, Professional Activity
Days that came into fruition on November 30", 2015. An additional professional activity
day was added in the 2015 negotiations for the Collective Agreement; each school board
must designate three professional activity days and up to an additional four days per
school year. Although an additional professional activity day was added, Mr. Zegarac
said: “this day must be devoted to provincial education priorities identified by the
Minister” (p. 1). Furthermore, specific topics outlined for Ontario’s elementary teachers
included half of the day about occupational health and safety training, and the remaining
half designated to “ministry priorities, specifically mathematics” (p. 2). Thus,
professional activity days are taxing financial investments made by the school and district
that were not beneficial to a teacher’s science learning and teaching, and in turn, their
students’ science learning. For instance, in 2004, the Ontario Ministry of Education said
that each professional activity day, represented $41 million in cost to the system, and the
inconvenience to students and their parents (Ministry of Education, 2004, p. 6). To put it
into perspective, the three professional activity days that Anna, Elsa, and Belle believed
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were not beneficial to their science teaching, costing the system, and the inconvenience to
students and their parents, $123 million dollars. Given this, the taxing professional
activity days only target primarily two subjects being numeracy and literacy, while
ignoring other core subjects such as science. Ignoring science in the large picture of
elementary education has become problematic because based on the 2011 Trends in
International Mathematics and Science Study, the science scores for elementary students
have been decreasing in Ontario since 2003 (TIMSS 2011: Ontario Report). Ultimately,
what is a greater risk to student learning - maintaining status quo or taking the risk of
changing the current model to re-think the way professional learning is done to include a
range of subjects including science? Based on the research study, it may be of greater
benefit for the teachers to use professional activity days for writing report cards as that
was appreciated by the teachers. As this point, the remainder of the money typically spent
on the three other professional activity days could be used to pay for instructional
coaches, including ones related to science so that teachers learn according to their
specific classroom needs. Based on the findings, it is reasonable to believe that providing
collaborative professional learning opportunities that target the specific needs of teachers
would be more beneficial not only to the teachers but their students as a result of more
effective teaching strategies applicable in their classroom context.

Part Three: Benefits of including science in the School Effectiveness Framework K-
12, and having time for collaboration in teachers’ Collective Agreement include the
potential of having instructional science coaches as a component of collaborative
professional learning that is ongoing within the school environment.

There are two main advantages that could arise from the discussion in part one
and two: (a) promoting further collaboration over science related topics in the school, and
(b) teacher consistency using the DRiVe model. First, by having instructional science
coaches in the school working with teachers, it is possible that the teacher/coach
interactions will spark further teacher/teacher interactions about science when the
instructional science coach is not present. Not only did Kristoff mention this effect, Sun
and colleagues (Sun, Penuel, Frank, Gallagher, & Youngs, 2013) identified it as the
spillover effect. The authors define spillover effects as “the effects of school-based

professional development on instructional practices above and beyond the direct outcome
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on teachers who participated in the professional development” (p. 345). Their findings
claim that the teachers who engaged in collaborative professional learning and engage in
positive, collegial interactions will then talk about the topics discussed in the learning
sessions with the coaches to other teachers who did not participant. Then, further learning
and the encouragement to learn about science for example, may occur. Weibenrieder et
al. (2015) refer to spillover as multipliers: “teachers who provide CPD [collaborative
professional development] courses for other teachers on their own are labeled as
multipliers (....) for instance, by sharing their knowledge within the faculty at their own
schools and initiating collaborative work on specific tasks” (p. 28). Regardless of the
definition, if science was included in the School Improvement Plan and the School
Effectiveness Framework, along with time during the working day, it is probably that
more collaborations would occur during the hallway sessions or more so, during

preparation time. As Halverson et al. (2011) further explained:

The success of professional communities rests on the staff’s ability to share and
develop their expertise. The scientific expertise of particular teachers is a critical
resource for collegial interaction, and the development of new science-related
knowledge and skills can provide a powerful catalyst for professional learning
across the entire teaching staff. Second, experience with scientific inquiry in
authentic contexts may lend teachers credibility in discussions about the relevance
and advantages of a science education reform project. (p. 36)

Secondly, based on the research findings, all elementary teachers who teach
science need to apply instructional strategies such as the DRiVe model so that students
build their knowledge of inquiry thinking as they progress through each grade. Having
instructional science coaches in the school environment may help to have consistent
teaching pedagogy and in turn: (a) align classroom practice with ministry mandates, (b)
help increase student learning in science from the use of hands-on investigations that can
be tailored to students’ learning needs, and (c) provide greater opportunity for teachers to
collaborate because everyone would be on the same page about inquiry teaching.
Concerning the last point noted, it is possible that through the spillover effect or
multipliers, teachers who may not hold reform or constructivist beliefs about the nature of
science, would begin to modify their views as the norms of the school culture in terms of
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teaching science can shift to inquiry-based teaching. For instance, Chen et al. (2015)
explained that providing teachers with training, resources, and personalized feedback
within their working context may be the most effective way to generate changes to

teacher practice and beliefs about science education.

Limitations of the Research Study

This dissertation provides new ideas to think about when considering teacher
collaborative professional learning regarding elementary science education. However,
there are limitations to bear in mind, which are discussed below.

Limitations related to research participants. There are three noted limitations
related to the research participants. First, generalizability was not intended as this was a
single case study (Yin, 2014) with a small research sample including a total of four
participants. Therefore, the results and discussions represent a snapshot of the
phenomenon. They may not represent the larger population of Canadian in-service
elementary teachers teaching science and their school principals, and this study does not
help to understand all the ways in which all teachers may participate in collaborative
professional learning for science. However, by way of thick, rich description and detailed
information regarding the context and background of the school, Kristoff, and the
teachers, knowledge could be assessed for its applicability and applied appropriately in
other contexts. As Cochran-Smith and Lytle (2009) described, the knowledge generated
from the participants is a local knowledge of practice. It is knowledge that can be
“borrowed, interpreted, and reinvented in other local contexts” (p. 132) and can be
publically shared with others such as university-based educators, researchers, and
primary/elementary teachers and principals. Lastly, the diverse characteristics of the
participants (e.g., years of teaching experience, grade level currently teaching, formal
educational training in science) are factors that may have influenced the generalizability
of the study. Secondly, Kristoff, Anna, Elsa, and Belle volunteered to take part in this
study. In this capacity, the volunteers may have been prone to try something new, to
change, and to be motivated to participate (Desimone, 2009). There is evidence that the
most qualified teachers are the ones who seek professional learning with effective
features such as content focus (Desimone et al., 2006). So, it is unclear how the findings

may have been different if other teachers — not volunteers - who participated were not as
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enthusiastic about science and collaborative professional learning (Bobrowsky, Marx, &
Fishman, 2001). Third, teacher’s work in general is multi-faceted so this study did not
imply a causation between teacher’s science learning and teaching from one’s
participation in collaborative professional learning related to science education.

Limitations related to research methodology. The teacher belief surveys were
self-report questionnaires that can be subject to bias, or the inability of the teachers to
accurately calibrate and report their own beliefs (Rimm-Kaufman, Storm, Sawyer, Pianta,
& LaParo, 2006; Maggioni & Parkinson, 2008; Muis, 2007) because the perceptions of a
situation that teachers have may be more aligned with reality than those of an
independent, more objective observer (Stanovich, 2009). Also, the research methodology
heavily relied on Kristoff, Anna, Elsa, and Belle describing their personal experiences
and opinions, which could have been problematic because they may have completed the
surveys based on perceptions of what would be a socially appropriate response (Johnson
& Fendrich, 2002) instead of honestly self-reporting their own experiences. For instance,
researchers (e.g., Gill & Hoffman, 2009; Judson, 2006) described that affective constructs
such as epistemological and pedagogical beliefs that are constructivist in nature are
socially desirable. Given this, erroneous self-reporting about teaching practice may have
occurred to provide the socially acceptable response. Therefore, inferences were not
made on the survey data alone. Multiple measures (focus groups, survey data, and
professional development logs) were used to enhance the ability of the researcher to
make a plausible and reliable inference from the data.

Secondly, the surveys about self-efficacy and pedagogical discontentment were
constructs measuring affective states that are “highly personalized” (Southerland et al.,
2012) and may not be representative of teachers overall self-efficacy and pedagogical
discontentment regarding science teaching. For instance, for the Personal Science
Teacher Efficacy scale, self-efficacy is context-dependent according to Bandura (1997).
So, teacher self-efficacy for science may change depending on a particular group of
students (Angle & Moseley, 2009) or the grade level being taught (Kind, 2009) for
example. Or, according to Kristoff, self-efficacy may vary depending on the time during
the school year (i.e., beginning of the year, report cards, EQAQO, end of the year). Lastly,
Anna, Elsa, and Belle’s self-efficacy may be influenced by the specific unit or topic they
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were teaching at the time. Thus, Anna, Elsa, and Belle may have been more or less
confident in their science teaching compared to what was represented by the single self-
efficacy and pedagogical discontentment surveys they filled out.

Thirdly, with regards to the professional development logs, Anna, Elsa, and Belle
provided a record of events they remembered to record only when they had time available
to complete the logs. As a result, the logs were not an accurate representation of their

collaboration.

Recommendations for Future Research

| recommend a number of modifications to the current study to develop a more in-
depth understanding of teacher engagement in collaborative professional learning
regarding elementary science education, how teacher engagement translates into their
teaching practice and how it influences their students’ science learning.

I suggest altering the methodological approach of the current study to one that is a
longitudinal multiple case study that includes a triangulation mixed methods design
(convergence model). Also, the study would include over 30 teacher participants
considering that at least 31 participants are recommended for the data analysis of the
quantitative measures (Muijs, 2011). The purpose of this design is to “obtain different but
complementary data on the same topic” (Morse, 1991, p. 122) to address the research
question(s). The intent would be to compare and possibly validate and confirm
quantitative data from a larger sample (over 30 participants) of participants who complete
the surveys about their epistemological beliefs, self-efficacy and pedagogical
discontentment related to science, with the data collected from focus group, interviews,
and observations (Patton, 1990). This design would help to better understand the
relationship between teacher beliefs and teacher engagement in collaborative professional
learning related to elementary science education. Also, the results would be better
substantiated. Lastly, with more participants from various case sites within different
school boards in a province or multiple provinces, the results would be more
generalizable.

There is a pressing need to conduct longitudinal research that follows elementary
teachers for an extended period of time to confirm their engagement in collaborative

professional learning related to science education. Furthermore, we need to better
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understand how their learning from engaging in collaborative professional learning
related to science education is enacted in their teaching practice. To better understand
how teachers are applying their learning to their practice, and to help teachers reflect on
their learning and practice, | suggest conducting in multiple observations of each
participant’s classroom practice to avoid the snapshot measurements. Also, | suggest
video recording the teacher’s classroom practice for science and have the researcher(s)
collaborate with the teachers to then design and implement modifications based on their
current practice. Unless teachers can see their own actions and the effects of their actions
on their students in real-time, it is difficult for teachers to reflect and understand where
modifications can be made to better suit their teaching to the students learning needs.
Also, having teachers view their teaching may help to alter their beliefs about science.

Another reason for altering the methodological approach of the current study to
one that is a longitudinal multiple case study is considering that one-time surveys about
teacher beliefs (epistemological beliefs, self-efficacy and pedagogical discontentment) is
not robust enough to develop a firm understanding of their beliefs. Thus, conducting a
longitudinal multiple case study with more than 30 teachers who complete multiple
surveys throughout the study is necessary to develop a greater understanding of the
teachers themselves, and to be able to claim greater generalizability. Having the teachers
do multiple surveys about their beliefs is also preferable considering that beliefs are
malleable in nature and operate along a continuum (Fives & Buehl, 2012). As such,
conducting multiple surveys about teacher beliefs across different units that are taught
throughout the school year would yield more robust findings.

A third reason for implementing the suggested methodological approach is that it
would give the research time to develop a strong rapport with the teachers and their
principal. One purpose for this is for the researcher(s) to take a more active role with the
teachers in the sense that they work alongside the teachers to provide their expertise on
the science subject matter where possible — act as a coach or a mentor to the teachers. The
reason is that as Michell (2002) explained, “collaboration with academics can be very
helpful, provided both groups [teachers and academics] recognize that they bring
different and equally valuable expertise and ways of thinking to the partnership — that
each has much to learn from the other” (p. 253). Moreover, “it is through this notion of
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partnership that science teacher learning stands out as defining new ways of recognizing,
acknowledging, and building on teachers’ professional knowledge of practice”
(Loughran, 2014, p. 820).

Another study that deserves attention in the near future is a descriptive study
addressing elementary science teachers’ perceived conception of having instructional
science coaches aiding their science learning, classroom practice, and student
management within the school environment on an ongoing basis in the same school board
as the present study. It would be beneficial to illuminate the potential beneficial outcomes
of having the in-house instructional science coaches on a regular basis to help
demonstrate the need to redistribute fiscal resources and time to accommodate for the
instructional science coaches within the elementary school. The teachers could maintain a
portfolio with reflection logs, engage in semi-structured interviews, individually or in a
group to discuss their experiences with ongoing instructional coaching within the school,
and be observed by the researcher(s) to see how the coaches influence their teaching
practice. The next step would be to have the teachers qualitatively describe how coaches
influence their teaching practice and in turn, students science learning considering that
Neumerski (2013) expressed that relatively few studies have examined instructional
coaching from the teachers’ perspective, and furthermore, Marsh, McCombs, and
Martorell (2010) noted that “the largest gap in the existing research on coaching
programs is the lack of evidence of coaching programs’ effects on student achievement”
(p. 877).

Delimitations of the Research Study

Although there were limitations, the narrowed study of the phenomenon in a
single setting allowed for the exploration of rich and robust descriptions regarding
multiple and completing viewpoints about teacher engagement in collaboration
professional learning related to science education. The narrow scope of the study was in
line and integral to the nature of case study research. Focusing on both teacher and
principal perspectives was an important decision because it allowed for an in-depth
exploration of the phenomenon, and may have led to implications for elementary teachers
and leaders, and ministry level employees to see what changes could be made to teachers’

collaboration professional learning in science.
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Chapter Summary
With reform-based education, teacher learning should happen from participating

in a culture of collaborative professional learning within the school milieu (Carlisle,
Cortina, & Katz, 2011; Desimone, 2009, 2011; Dufour, 2004; Linder, Post, & Calabrese,
2012). The necessity of focusing on teacher learning through ongoing and situated
collaborative professional learning is that: (a) reform in science education calls for a
different portrait of science teaching and learning that many current teachers experienced
themselves as learners and are currently enacting with their students, and/or (b)
elementary teachers “typically have limited science backgrounds and who are responsible
for teaching multiple subject areas, leaving limited time to focus on improving their
science teaching” (Roth, 2014, p. 387). The two reasons echoed Anna, Elsa, and Belle
concerns. Anna and Belle did not have a strong science background, and Elsa was a new
teacher. Meanwhile, each teacher was overloaded with numeracy and literacy tasks.
These factors may contribute to the notion of science being described as one of the most
difficult school subjects (Drew, 2011; Dweck, 2006). However, teachers are expected to
teach using inquiry pedagogy whereby students conduct hands-on investigations by
posing questions, collecting and analyzing data, and using their learning to form
evidence-based conclusions. This research drew attention to one main research
implication about how “teachers need the opportunity to engage in authentic activities,
participate in rigorous and critical debate within discourse communities” (Wallace &
Loughran, 2012, p. 302) that included instructional science coaches within the school
environment so that their learning is situated to their teaching needs.

The overarching implication put forward in this research is the provision of
ongoing professional learning with in-situ instructional science coaches working
alongside the teachers to further develop their science teaching strategies related to
inquiry-based approaches. Step by step, preplanned, rigid instruction is not controlling
teacher learning as in the professional learning activities that occurred on professional
activity day days for example. The coaches respond to the moment-by-moment
possibilities of the teachers’ engagement in an activity and they respond to the
development of teacher understanding. Importantly, the learning is taking place within a

school environment with currently available resources so that teachers learn authentic
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investigations in relation to what they already know and have in their physical
environment. For there to be instructional science coaches working in the school
environment, there need to be alterations at both the ministry and school board levels.
Starting at the ministry level, it is suggested that science is included in the School
Effectiveness Framework so that when individual schools revise their School
Improvement Plan, they can include science as a topic that needs to be address in ongoing
professional learning. In addition, time for collaborative professional learning needs to be
incorporated in teachers’ Collective Agreement so that the school principal creates
timetables allowing for collaboration. If science is included in the School Improvement
Plan, and there are instructional science coaches in the school, it is possible that teachers
would allocate more time to addressing science and learning to teach using the DRiVe
model. The benefits of these changes may include more teachers across the school
engaging in collaborative professional learning activities related to inquiry-based science,
and expanding the network of teachers who collaborate with one another regarding

science.
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*1f you select the "other" option, please provide detail in the following column

Activity Codes

Courses, conferences, seminars, workshops attended

Training/studying for credential(s)

Distance-education courses/modules you completed

Presentations you gave, articles/books published, posters presented, courses taught
Consulting with peers, informal rounds with colleagues, mentoring (mentor or mentee)
Reading journals/texts, publications; reviewing videos/DVDs for specific learning
goals

Independent research or using other resources

Professional contributions (committee work, peer reviews)

Other

Purpose of the activity
Discussion for assessment
Discussion for evaluation
Discussion for lesson planning
Other

Amount of time focused on the activity
10 minutes
15 minutes
20 minutes
25 minutes
30 minutes
35 minutes
40 minutes
45 minutes
50 minutes
55 minutes
1 hour

1:15 hour
1:30 hour
1:30+ hours

When did the Professional Development happen?
Scheduled time

Prep time

Lunch break

After school hours



239

Before school hours
Hallway chatting
Other

Who did you collaborate with?
Colleagues from the same grade

Colleagues from a different grades
Other

Active Learning

Observe lessons of teaching technique

Lead group discussions

Develop curricula or lesson plans, which other participants reviewed
Reviewed students work or score assessments

Develop assessments or tasks

Practice what you learned and received feedback

Received/provided coaching or mentoring in the classroom

Gave a lecture or presentation to colleagues

Other

Coherence

The activity is consistent with your department or grade level plan to improve teaching
The activity is consistent with your own goals for your professional development
Based explicitly on what you have learned in earlier professional development
activities

Learning outcome

I changed or modified/plan to modify my practice based on this learning activity.

I pursued/will pursue additional information.

The findings of this activity reaffirmed or enhanced my knowledge, and no change to
my practice is needed at this time.

Other
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Appendix G: Sample of the Initial Data Reduction Process
Document Summary Form

Name of Document: Focus Group 2
Date of Document: March, 2015
Participants involved in the Document: Anna, Elsa, Belle, Researcher

Location: Participant School

Page | Keywords/Concepts Comments: Relationship to Research Questions

#

1 Background information to | Related to the methodology section and describing the

FG.2 | describe the case participants and the case
Paragraph 1-6

1 CPL in school & Academic Question 5: Collaboration in teachers’ academic team

FG.2 | teams (depends on teaching | depends on whether there are other teachers who teach
partners teaching style/ science on that team. For the intermediates, Elsa and Belle are
curriculum/teacher the only science teachers so they can only collaborate with
availability) each other about science. Both teachers collaborate more

with other teachers who teach the same grade because they
share the same students and teach more of the same classes
like language and math.
2 Timetable & Principal Question 4:
FG.2 | leadership & Collaboration
Common preparation time | Principal scheduled the intermediate teachers to have
common preparation time. Meaning, they are on prep at the
exact same time. During this time, teachers can collaborate
about science. The intermediate teachers don’t plan their
science collaboration, it happens when needed. During this
common prep. Time, if they do collaborate with other
teachers, it is usually about language or math with teachers
who teach the same grade. Anna doesn’t collaborate with
others in science because they don’t teach with the DRIVE
model
- As part of Principals leadership, he scheduled common
prep time for teachers to have the opportunity to
collaborate.
Common science periods Principal also scheduled the intermediate teachers to teach
science at the same time so that they can co-teach. But
teachers don’t co-teach hecause of the different curriculum.

2 Teachers’ opinions of the Question 2:
FG.2 | goal of science education - Anna: to develop students thinking skills and the ability to
(Paragraph 29-32) use skills in everyday life

- Elsa: getting students to like science, particularly girls

- Belle: Get students to enjoy learning science and to help
the particular students with exceptionalities do more
hands-on learning.

3 Teaching Science: Question 5: Teachers are aware that the push in science is to
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Curriculum Vitae

EDUCATION

Doctor of Philosophy in Educational Studies (2016)

Applied Psychology

Faculty of Education, Western University (London, Ontario)

Dissertation: Learning about teaching science: Improving teachers’ practice though
collaborative professional learning

Supervisory: Jacqueline Specht, Ph.D.

Master of Science (2011)

Child and Youth Health, Graduate Program in Health and Rehabilitation Sciences
Faculty of Health and Rehabilitation Sciences, Western University (London, Ontario)
Thesis: Predicting Children’s Language Abilities

Supervisor: Lisa Archibald, Ph.D.

Honours, Bachelor of Science (2009)
Double major in medical science and physiology
Faculty of Science, Western University (London, Ontario)

CERTIFICATIONS FROM WESTERN UNIVERSITY

Instructional skills workshop online (2015)

Certificate in university teaching and learning (2014)
Teaching and mentoring program for graduate students (2014)
Advanced teaching program (2011)

Teaching assistant training program (2010)

Future professor workshops (10+ sessions) (2013-2015)

ACADEMIC HONOURS, AWARDS, AND BURSARIES (2012-2016)

Ontario Student Opportunity Trust Fund Bursary (2015)

Faculty of Education Graduate Student Internal Conference Grant (2015)
Jessica Jean Campbell Coulson Research Award (2014)

Canadian Research Centre on Inclusive Education Research Award (2014)
Ontario Student Opportunity Trust Fund Bursary (2013)

Faculty of Education Graduate Student Internal Conference Grant (2013)
Ontario Student Opportunity Trust Fund Bursary (2012)

RELATED WORK EXPERIENCE (2012-2016)

Academic Consultant (2015 — present)
BeMo Academic Research Inc.
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Graduate Research Assistant (2015-2016)
Supervisor: Jacqueline Specht, Ph.D.
Western University (London, Ontario)

Writing Instructor (2014-2015)
Huron University College (London, Ontario)

Teaching Assistant: Educational Psychology and Special Education (2014-2015)
Faculty of Education, B.Ed./Dip.Ed. Program

Research Assistant: Writing Assignments Across the Undergraduate Curriculum
(2014)

Lead researcher: Roger Graves, Ph.D.

University of Alberta (Calgary, Alberta)

Research Assistant: Canadian Research Centre on Inclusive Education (2012-2014)
Director: Jacqueline Specht, Ph.D.
Western University (London, Ontario)

PUBLICATIONS

Specht, J., McGhie-Richmond, D., Loreman, T., Aylward, L., Bennett, S. Gallagher, T.,
Katz, J., Lyons, W., Metsala, J., Mirenda, P., Thompson, S., Young, G., Cloutier, S.E
(2015). Teaching in Inclusive Classrooms: Efficacy and Beliefs of Canadian Preservice
Teachers, International Journal of Inclusive Education, DOI:
10.1080/13603116.2015.1059501

Guest Editorship

Cloutier, S.E., lantosca, J., & MacCormack, J. (Eds.). Self-regulated learning. CAEP
Dialogic, 3.

REFEREED CONFERENCE PRESENTATIONS (2012-2016)

Graves, R., Hyland, T., & Cloutier, S.E. (2015, May). Writing Then and Now: Seven
Years of Examining Writing Assignments Across the Curriculum at a small Liberal Arts
College. Canadian Writing Centres Conference, University of Ottawa, Ottawa, Ontario,
Canada.

Cloutier, S.E. & Hyland, T. (2015, May). Group work with International and Exchange
Students in the Writing Centre. Canadian Writing Centre Conference, University of
Ottawa, Ottawa, Ontario, Canada.



243

Cloutier, S.E. & Specht, J. (2015, May). New Professional Development Log Tracking
the Effectiveness of Elementary Science Teachers Participation in Collaborative
Professional Development Activities. Canadian Society for the Study of Education,
University of Ottawa, Ottawa, Ontario, Canada.

Cloutier, S.E. & Specht, J. (2013, November). 21% Century Teaching and Learning in
Ontario. Ontario Council for Exceptional Children, Niagara Falls, Canada.

Cloutier, S.E. & Specht, J. (2013, June). Effective teacher collaboration for inclusive
practices. Canadian Society for the Study of Education, University of Victoria, Victoria,
British Colombia, Canada.

McGhie-Richmond, D., Specht, J., Loreman, T., Aylward, L. Bennett, S., Gallagher, T.,
Katz, J., Lyons, W., Metsala, J., Mirenda, P., Thompson, S., Young, G., Copfer, S.,
Gregory, K., & Cloutier, S.E. (2013, June). New teachers’ self-efficacy for teaching in
diverse and inclusive classrooms: A Canadian snapshot. Canadian Society for the Study
of Education, University of Victoria, Victoria, British Colombia, Canada.

ACADEMIC SERVICE AND LEADERSHIP (2012-2016)

Secretary: Canadian Writing Centre Association (2015-2016)

Coordinator of Graduate Student Representative Team: Canadian Association for
Educational Psychology/L ’association Canadienne en Psychopedagogie (2015-2016)

Graduate Student Representative: Canadian Association for Educational
Psychology/L’association Canadienne en Psychopedagogie (2014-2015)

Junior Copy Editor and Reviewer: Canadian Journal for New Scholars in
Education/Revue Canadienne Des jeunes chercheur(s) en education (2014-2015)

Ph.D. Mentor: Faculty of Education, Western University (2013-2014)

Facilitator of Doctoral Seminar Series: Faculty of Education, Western University
(2013-2014)

Session Chair: 2015 Canadian Writing Centre Association Conference

Session Chair: 2015 Canadian Association for Educational Psychology

Peer Reviewer: 2015 Canadian Society for the Study of Education Conference
Discussant: 5" Annual Robert Macmillan Graduate Research in Education Symposium

Peer Reviewer: 2013 Canadian Society for the Study of Education Conference



