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Abstract Primary/elementary teachers are uniquely positioned in terms of their
need for ongoing, science-focused professional development. They are usually
generalists, having limited preparation for teaching science, and often do not feel
prepared or comfortable in teaching science. In this case study, CHAT or cultural-
historical activity theory is used as a lens to examine primary/elementary teachers’
activity system as they engaged in a teacher-driven professional development ini-
tiative. Teachers engaged in collaborative action research to change their practice,
with the objective of making their science teaching more engaging and hands-on for
students. A range of qualitative methods and sources such as teacher interviews and
reflections, teacher-created artifacts, and researcher observational notes were
adopted to gain insight into teacher learning. Outcomes report on how the teachers’
activity system changed as they participated in two cycles of collaborative action
research and how the contradictions that arose in their activity system became
sources of professional growth. Furthermore, this research shows how the frame-
work of activity theory may be used to garner insight into the activity and learning
of teachers as both their professional activities and the context change over time.
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748 K. Goodnough

Introduction

While conceptions of what constitutes effective professional development (PD)
for teachers are well established in the research literature, challenges remain
prevalent in teachers’ access to PD. Furthermore, even if PD is available, it may not
be responsive to teachers’ needs (Goodnough, Pelech, & Stordy, 2014; Day &
Sachs, 2004; Murray, 2014). The most common teacher-focused forms of PD
recognize that professional learning encompasses more than developing technical
knowledge or learning new skills. Rather, effective professional development
occurs when it allows teachers to explore the “social relations and the overlapping
knowledge, theories and beliefs that direct professional action” (Fairbanks et al.,
2010, p. 166). Common characteristics of effective professional development focus
on developing teacher content knowledge and understanding of how students learn
the content (Meiers, Ingvarson, & Beavis, 2005); engaging teachers in active
learning that is sustainable; offering ongoing teacher support that is relevant and
based on teacher needs: and fostering collective participation (Garet, Porter,
Desimone, Birman, & Yoon, 2001; Steiner, 2004; Supovitz, Mayer, & Kahle, 2000;
Timperley, 2008; Wilson & Berne, 1999).

Primary/elementary teachers are uniquely positioned in terms of their need for
ongoing, science-focused PD. They are usually generalists, having limited
preparation for teaching science, and often do not feel prepared or comfortable in
teaching science. This is well documented in the research literature (e.g., Smith &
Anderson, 1999; Tilgner, 1990). These teachers may address the challenge of
teaching science by relying too heavily on textbooks, overusing outside experts,
adopting traditional approaches to teaching science and ignoring science entirely;
so, it becomes a marginalized subject in the school curriculum (Davis, Petish, &
Smithey, 2006; Holroyd & Harlen, 1996; Murphy, 2012; Murphy, Neil, & Beggs,
2007; Trumper, 2006; Zembal-Saul, Blumenfeld, & Krajcik, 2000).

In this study, CHAT or -cultural-historical activity theory (Engestrom,
1987, 2001) is used as a lens to examine primary/elementary teachers’ activity
system as they engaged in a professional development initiative. Collaborative
action research (AR) (Greenwood & Levin, 2006; McNiff, 2013) was used as a
strategy to engage teachers in targeting their objective. Many studies have reported
on the positive impact of AR on teacher professional learning (e.g., teacher identity,
pedagogical content knowledge) and educational change (Eilks & Markic, 2011;
Johannessen, 2015; Mak & Pun, 2015; Mclntyre, 2005). A modest body of research
is emerging that examines teacher learning through the lens of CHAT (Hume, 2012;
Sezen-Barrie, Tran, McDonald, & Kelly, 2014; Zimmerman, Morgan, & Kidder-
Brown, 2014).

In terms of practicing teachers, a handful of studies have focused on science
education and teacher learning using CHAT. For example, Dubois and Luft (2014)
examined the affordances and constraints that beginning secondary science teachers
experience as they float from class to class (not having their own classroom) and the
impact on their development and instruction. Thomas and McRobbie (2013), in the
context of two groups of chemistry students, showed how changes in the teachers’
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pedagogy impacted student metacognitive processes and reflection as it related to
learning chemistry. Clark and Groves (2012) studied primary teachers’ identity
development (emotions, beliefs, and backgrounds) as they adopted practical
activities in teaching science. In another study of primary teachers’ learning in
science, Fraser (2010) explored the teachers’ subject and pedagogical content
knowledge through continuing professional development and the constraint and
barriers that impacted their teaching of science. These studies used CHAT as an
analytical framework to better understand the complexities of learning, taking into
consideration the social, cultural, and historical dimensions of practice (Loxley,
Johnston, Murchan, Fitzgerald, & Quinn, 2007; Newmann, King, & Youngs, 2000;
Opfer & Pedder, 2011).

In this study, the author used activity system analysis to describe teachers’
experiences, to document their changing objective as they engaged in collaborative
AR, and to examine how contradictions or tensions became sources of change for
the teachers. The following research questions guided the study: (a) How will
teachers’ activity system change as they participate in professional learning through
AR? (b) What contradictions will arise in their activity system? (c) How will the
contradictions that arise in their activity system become sources of learning?

Cultural-Historical Activity Theory

In the last two decades, CHAT has emerged as a theoretical framework to capture
the complex nature of human learning in many disciplines and contexts. For
example, Jonassen and Rohrer-Murphy (1999) argued that CHAT provides a better
framework than traditional methods for analyzing needs, tasks, and outcomes for
designing constructivist learning environments. Roth and Lee (2007) examined the
growth of CHAT in research and viewed it as a theory for praxis, providing a
fruitful way to “overcome some of the most profound problems that have plagued
both educational theorizing and practice” (p. 186). CHAT has been applied to
workplace learning (Engestrom, 2000), as well as to the design and adoption of
technology (Kaptelinin & Nardi, 2006; Uden, 2006). The appeal of the framework is
that it provides a means to understand human interactions in natural settings. Nardi
(1996) states, “the object of activity theory is to understand the unity of
consciousness and activity ... consciousness is not a set of disembodied acts” (p.
7). Rather, consciousness is part of everyday actions and activity, embedded in
social contexts. Vygotsky (1978, 1986), one of the initial contributors to CHAT,
developed the notion of mediation. He hypothesized that artifacts (e.g., physical and
language tools) mediate all human action. In moving beyond the focus on the
individual, Leontiev (1981) conceptualized human activity as individuals taking
action as part of collective social activity incorporating other elements such as
community, division of labor, and rules. Engestrom (1987) further developed
CHAT, resulting in the model that has become the basic unit of analysis for the
theory. Engestrom (1987) presented the elements and their interconnections visually
in the now well-known “triangle” (refer to Fig. 1). The socially mediated elements
include subject, object, tools, community, norms, and division of labor.
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Tools

Subject Object — Outcomes

Norms Division of Labour (D/L)
Community

Fig. 1 Basic unit of analysis in CHAT

When analyzing activity systems, the subjects are the individuals from whom the
viewpoint is adopted; the subjects are the eye or at the center of the activity system
(Engestrom & Miettinen, 1999). The subjects work toward an object, which can be a
goal, motive, or products that result from engaging in the activity. The subject and
object are mediated by tools, which may be material or psychological, such as
computers, language, teaching strategies, for example. In other words, subjects use
tools to reach their object. The community is the social group to which the subjects
belong, while norms may be customs, guidelines, standards, or established practices
that enhance or hinder community activity and functioning. In order for subjects to
achieve their object or goals, there needs to be a division of labor within the
community. Bellamy (1996) refers to the division of labor as “... the role each
individual in the community plays in the activity, the power each wields, and the
tasks each is held responsible for” (p. 125). The activity system results in outcomes
that may lead to innovation, change, or expansive learning (Anthony, Hunter, &
Thompson, 2014; Engestrom, 2001).

In this study, changes in the activity system of a group of primary/elementary
teachers are described. As well, contradictions are identified and examined to
determine how they enabled the teachers to change their object or motive, and hence
the outcome of their work.

Within an activity system, contradictions or disconnects may occur within or
between activity systems (Center for Activity Theory and Developmental Work
Research, 2003-2004; Engestrom, 1987). They accumulate over time and can only
be understood in terms of the historical and sociocultural context of practice in
which they are embedded.

Methodology/Methods
The Context of the Study

AR, adopted in this study as a professional development strategy, has been used
in teacher education as a means for practitioners to systemically examine their

classroom practice (Mills, 2010; Stringer, 2013). It is “... simply a form of self-
reflective enquiry undertaken by participants in social situations in order to improve
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the rationality and justice of their own practices, their understanding of these
practices, and the situations in which the practices are carried out” (Carr &
Kemmis, 1986, p. 162). It has been adopted for a variety of purposes such as
changing teachers’ pedagogic practice and thinking, examining classroom assess-
ment, and cultivating communities of practice (Hanafin, 2014; Mak & Pun, 2015;
Yin & Buck, 2015). Because action research is collaborative, systematic, data-
driven, and focused on teacher and student learning, it is an effective means to
engage practitioners in professional development (McNiff & Whitehead, 2011;
Mills, 2010).

During their AR project, the teachers worked with a student population that was
ethnically and linguistically diverse, having three or four students in each class who
were English as a second language (ESL) learners. Two grade one classes and two
grade four classes participated in the project in each year. Class sizes ranged from
15 to 25 in each year of the project. The teachers worked in a small, urban K-6
school in Newfoundland with 230 students and a total of 23 teachers.

The Participants

In this study, the teachers completed two cycles of AR. In year one (2013-2014),
five teachers participated (Anne, Ingrid, Alice, Harriet, and Astrid; these names are
pseudonyms). In year two, three of the teachers continued to be part of the team
(Anne, Ingrid, and Alice), and two new teachers, Laura and Lisa (pseudonyms),
joined the team. Harriet took a maternity leave so did not continue in the second
year, and Astrid was transferred to a new school. Two of the teachers had <4 years
of teaching experience, while the others had been teaching for 12-20 years.

The Teachers in Action Program

The Teachers in Action (TIA) program, a 5-year program focused on K-6
teachers’ professional learning in science, technology, engineering, and mathemat-
ics (STEM), was in its second year when this study occurred. The funding for the
program was a contribution from a local oil consortium in Newfoundland and
Labrador. The main goals of this program are to support K-6 teachers in becoming
more confident in teaching in STEM subjects and to assist them in adopting inquiry-
based approaches to teaching and learning in STEM. While teaching and learning
through inquiry varies in meaning and takes various pedagogic forms (Anderson,
2002; Chin, 2007; Minner, Levy, & Century, 2010), in the context of this program,
scientific inquiry is guided by a conception found in the curriculum framework
documents of the Government of Newfoundland and Labrador. Scientific inquiry
involves engaging students in “posing questions and developing explanations for
phenomena ... [through] questioning, observing, inferring, predicting, measuring,
hypothesizing, classifying, designing experiments, collecting data, analysing data,
and interpreting data ...” (Government of Newfoundland and Labrador, 2004, p. 4).

Teachers were recruited through an application process, which is supported by
the local school district. The school-based team in this study was part of the larger
program which supports school-based teacher groups ranging in size from 2 to 8.
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They were chosen as a focus for this paper, as the team was representative of the
changes, complexities, and contradictions that were experienced by many of the
other teams in TIA. In each year of the program, 70-80 teachers engage in inquiry
through collaborative AR. They are supported with classroom-based resources,
release time to work on their inquiry projects (7 days per teacher), and a TIA
leadership team consisting of the author (project lead), a full-time professional
development facilitator, a part-time coordinator, and graduate students. Through
ongoing face-to-face meetings (35—40 h of time), online meetings that occurred
throughout the process, and communication by e-mail, the leadership team provides
ongoing support, guidance, and facilitation as the teachers plan and implement their
projects. A member of the leadership team works with each teacher group during all
stages of the AR cycle. For example, leadership team members are part of most
planning and debriefing meetings, help with securing resources, offer advice on
pedagogical issues, assist teachers with understanding scientific and mathematical
content and principles, and act as sounding boards as the project unfolds. Topics are
chosen based on the interests and needs of the participating teachers.

The Action Research (AR) Cycles

Teachers were introduced to teacher inquiry and AR during a 2-day institute that
was held in August of year one. The AR cycles involved teachers in planning a
change, implementing the change, observing the outcomes of the change, and
reflecting on the outcomes of the change (Kemmis & McTaggart, 2005). During the
institute, the topics included the nature of AR, what it is, and how it is
conceptualized; how to identify an area of focus; how to plan a study and formulate
research questions; and how to collect and analyze data in relation to those
questions. The institute also introduced teachers to various approaches to teaching
and learning STEM through inquiry, such as understanding the nature of science,
how to design assessment and pedagogical inquiry-based activities, and how to
make learning more student-centered.

Planning in each year occurred from September to December; implementation
occurred from January to June and continued into the summer as part of the
teachers’ project required attending to and maintaining a school-based garden. The
teachers used 3 days in the fall to prepare a plan of action to guide their work. The
author attended these days and provided guidance and support as the teachers
generated a plan of action. This plan included a timeline, research questions,
relevant literature, activities related to school- and classroom-based implementation,
data collection and analysis, ethics, and sharing and dissemination. One member of
the TIA leadership team was present at all planning sessions. Debriefing sessions
(4 days) with the group during and after implementation occurred as well. A
member of the leadership team helped the teachers during these meetings to analyze
and interpret their data. The broad focus of the project was to help students develop
positive attitudes about healthy eating. More specifically, the teachers posed this
research question: How will the garden-based food project affect students’
understandings and attitudes about healthy eating? The project connected to both
science and health curriculum outcomes in grades one and four in the
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Newfoundland and Labrador science curriculum (see http://www.ed.gov.nl.ca/edu/
k12/curriculum/guides/science/). Examples of knowledge and skills targeted include
identifying local habitats and their associated plant and animal populations, com-
paring the structural feature of plants, predicting how the removal of a plant or
animal population affects the community, stating hypotheses and predictions based
on observed patterns, communicating procedures and results, and describing how
personal actions impact living things and their environments.

Because the teachers needed to strengthen their content knowledge as it relates to
plant growth in Newfoundland (e.g., life cycles, growing requirements, nurturing a
garden) and their pedagogical content knowledge for teaching through inquiry, the
team engaged in reading literature and working with a horticulturalist. Next, letters
were sent home to parents, seeking permission for students to be involved in the
project. A variety of classroom-based learning activities was implemented focused
on examining food sources: planning and preparing balanced meals; determining the
role of nutrients in the diet; describing the relationship among diet, well-being, and
physical activity; developing inquiry skills of observing, classifying, and commu-
nicating ideas; and describing the life cycles of plants. Other learning experiences
included visiting a supermarket, facilitated by a nutritionist; planning and preparing
a meal with the support of local chefs; and planting and maintaining a
vegetable garden and then harvesting the vegetables.

To answer their research questions, the teachers used a pre- and post-
questionnaire to examine student attitudes about nutrition and healthy eating,
student-generated work samples, notes from their collaborative planning/debriefing
meetings, student classroom observational notes and pictures, and their own
individual journal reflections. The teachers collected and analyzed data as
implementation was occurring, reflecting individually and collaboratively on what
students were experiencing and understanding. Collaborative reflection occurred
during planning and debriefing meetings (7 days in each year), and individual
reflections were created by the teachers as they made sense of their classroom
observations and interpretations. These individual electronic entries ranged in
frequency from 5 to 10 by each teacher. Both types of reflections focused on their
own professional thoughts and actions as well as how their action were impacting
student learning.

At the end of implementation in each year, the teachers reviewed their data more
intensively and created a multimedia presentation which was shared will all teachers
in TTA at a final conference. They also participated in post-project interviews with a
member of the leadership team. Teachers, parents, and students cared for the school-
based garden over the summer months when school was closed.

In year two, the teacher team completed another cycle of AR as described above.
They engaged their students in many of the same learning activities (e.g., planting and
maintaining a school garden and examining food sources), but the object or goal of
their project shifted. Their new research question became, “How can a school-home
partnership foster students’ healthy well-being using a school garden food project?”

They extended their data collection to not only include students, but also include
parents. They invited parents to participate in events related to the project, such as a
field trip to a local supermarket, planting the garden, and attending classroom
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sessions by health experts. Informal conversations with parents became sources of
data. Another communication and data collection source involved implementing
student—parent—teacher communication notebooks. These were sent home regularly
and reviewed students’ classroom learning and activities related to the project and
asked parents to respond to a few questions.

Data Methods and Sources

The author adopted a constructivist paradigm in this study, thus allowing insights
into the “participants’ views of the situation being studied” (Creswell, 2003, p. 8).
Qualitative research methods and sources allowed for dialog and interaction
between the teachers and researchers as they collaboratively constructed an
understanding of how their activity system was changing.

Data collection and analysis were ongoing over the 2-year period, using five
sources, including a pre-implementation inquiry brief; teacher reflections; post-
implementation semi-structured interviews; a teacher-created multimedia presenta-
tion; and researcher notes. The data collected by the teachers were not used as part
of this analysis in creating a portrait of the teachers’ changing activity system.

Inquiry Brief

The inquiry brief was provided to the teachers to assist them with planning their
AR projects and was later used to guide the implementation of their project.
Components of the brief included a research focus, teacher research question,
literature that informed the project, data collection methods and sources, ethical
considerations, curriculum goals and outcomes to be targeted, assessment and
learning activities, and data collection methods and sources. It was also a tool to
help teachers reflect on their project as it unfolded and a source of data for the
researcher to corroborate observations during school-based visits.

Teacher Reflections

The teacher reflections were used to encourage the teachers to consider their
decisions and actions as they engaged in AR. Teachers completed reflections during
the implementation stage of the project using a tool called Evernote (2015), a cross-
platform (iPad and web-based) tool designed for notetaking, organizing, and
archiving. These reflections were shared with the researcher and professional
development facilitator. The following are examples of questions that were used by
the teachers to guide their reflections: (a) Describe, briefly, what was implemented
or done during the week. (b) How did students respond to the implementation? Did
implementation go as expected? Why or why not?

Interviews

Each teacher was interviewed for 60 min at the end of the AR cycle in years one
and two, and the interviews were later transcribed. Questions were based on four
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broad themes: (a) teachers’ changing knowledge and classroom practice (e.g., how
have your beliefs about teaching and learning in STEM changed during the
project?), (b) student learning (e.g., what was the role of your students in your
classroom during the project?), (c) the AR process (e.g., what challenges and/or
tensions did you experience during the AR process?), and (d) future directions (e.g.,
will you continue to use the concepts and tools adopted in the project?). The
interview protocol was validated by asking three experienced teacher researchers to
review the questions for clarity. The questions aligned with the broad goals of the
TIA program.

Multimedia Artifact

The artifact was a 10-min video that incorporated music, text, and graphics. It
provided an overview of their project, the activities they engaged in during the AR
cycle, and the outcomes of the project for themselves and their students. This
artifact was constructed collaboratively by the group and helped them consolidate
their learning. The text of the video was transcribed and used as a data source and
later shared at a conference with other teachers. One video was completed at the end
of each year.

Researcher Notes

The author or a member of the research team recorded notes during 14 group
planning/debriefing sessions (5-6 h per day) over a 2-year period. These notes
focused on what the teachers did pre- and post-implementation, their emerging
insights about changes in their practice and student learning, and the systemic
tensions they had and were experiencing in their work. Ten classroom-based visits
occurred per year. During classroom-based visits (at least two visits to each
teacher’s class), notes were recorded based on informal conversations with the
teachers before and after the implementation of lessons, as well as during classroom
teaching. The latter observations reflected what the teachers said and did. This
allowed the researcher to determine the fidelity between the teachers’ reports of
their thinking and actions and their actual classroom practice.

Data Analysis and Reporting

All data collected over two cycles of AR were aggregated into one file, with all
text being read and re-read by two researchers. Next, through a process of deductive
analysis, units of text were coded according to the key elements of the CHAT
activity system (subject, object, tools, community, division of labor, norms or rules,
and outcomes). Coding into each category was guided by questions derived from
Engestrom (1987, 2001), as follows: (a) Subject: Who is the focus of the activity
system? What are their characteristics? (b) Object: What do these individuals want
to learn? Why do they engage in the activity? (c) Tools: What conceptual or
physical tools are being used by individuals to achieve their object? (d) Division of
Labor: How is power and control distributed within the activity system? (e) Norms:
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What practices or conventions constrain or hinder the activities of the individuals?
(f) Community: Who is working with and supporting individuals as they engage in
the activity? (g) Outcomes: What are the key results of engaging in the activity?
These categories were applied to the overall data.

Within each category, further sub-codes were identified. For example, in the
“subject” category, sub-categories included feelings about teaching science (e.g.,
lacking confidence), beliefs about science teaching and learning (e.g., science
should be inquiry-based), and demographic information (e.g., years of teaching). In
addition, coding involved identifying contradictions in the teachers’ activity system.

Once the portraits of teachers were developed at the end of each cycle of AR, the
portraits were sent to the teachers for member checking and feedback (Lincoln &
Guba, 1985). This contributed to increasing the credibility of the research findings.
To further ensure the trustworthiness of the study, the author used triangulation,
gathering data from various sources to corroborate findings. Data collection and
analysis were ongoing, while more intensive data analysis was conducted by the
author at the end of each AR cycle. This allowed for congruence to be established
between the objectives of the research and implementation. In addition, the author
generated reflective notes throughout the design and implementation process, thus
allowing her to monitor her own developing understanding of emerging themes and
patterns in the data (Shenton, 2004).

Outcomes

In the analysis below, the teachers’ changing activity system is described
(subjects, object, tools, norms, community, and division of labor), thus addressing
the first research question: How will the teachers’ activity system change as they
participate in professional learning through AR? Next, contradictions in the
teachers’ activity systems (nature of professional learning, classroom practice, and
parental involvement) are identified and how they became sources of learning is also
described. This addresses the second and third research questions.

The Teachers’ Activity System
Subjects

Except for one teacher in the project, all reported that they did not feel
comfortable teaching science. They felt their teaching of science was “dry” and
they “spent too much time relying on the textbook” (Reflections, Alice, Anne,
Ingrid). Alice not only felt uncomfortable teaching science, she also “avoided
science” and was “afraid to take on something new” (Final interview). Four of the
mid-career teachers said that “most of the time is spent on mathematics and
language” (Planning meeting). Lisa, while a seasoned teacher, had spent the last
10 years in special education, providing support to regular classroom teachers and
students. This was her first year having responsibility for a regular classroom; thus,
she “felt like a first year teacher all over again” (Planning group meeting). Ingrid

@ Springer



Professional Learning of K-6 Teachers in Science Through... 757

was the only teacher, at the beginning of the project, who described herself as
“teaching through a hands-on approach” (Planning group meeting). Having
completed a science degree, she felt comfortable teaching science and often
integrated art and science outcomes, as art was also a formal area of study for her.
Interestingly, the two early career teachers, Astrid and Lori, had been exposed to
inquiry-based teaching and learning during teacher preparation, but really had
limited experience in how to structure and implement inquiry-based learning
environments. As a recent graduate, Astrid stated that her professors “preached
hands-on learning, hands-on learning.” She understood the nature of inquiry-based
learning, but with limited experience, she did not feel “safe or secure” in creating
activities that placed students at the center of learning in science. These comments
were shared in a reflection.

Object

The idea for this project started with Anne; it had been something she “wanted to
do for a long time” (Interview). Anne was the school assistant principal and taught
grade four science in one of the classrooms, but also had responsibilities as a
learning resource teacher for the staff. In addition to creating a school garden, she
wanted to make inquiry learning a focus of the project. Prior to starting the project,
the author was invited to the school by the principal to give a presentation about the
TIA program. After the meeting, Anne discussed her idea with the principal and the
author to determine its feasibility. Subsequently, she talked to other staff to see who
would be interested in the project, and in the first year formed a team of five
teachers. At an early group planning meeting, the teachers shared their reasons for
joining the project. Ingrid, became part of the project, as it provided “funding,
resources, and time” to engage in self-directed professional development. The
nature of the project allowed her to engage students in more guided inquiry in
science, aligning with her belief that “children learn from doing, seeing, and
mucking into things.” Alice joined the project, although she was “skeptical about
how it would all work.” She wanted to make learning in science more student-
centered, but the project seemed to be “a big undertaking.” Harriet and Astrid
wanted to become more “comfortable with the science outcomes,” as well as to “try
something new, exciting, and different.” In the second year of the project, Astrid
and Harriet were no longer part of the project. Laura and Lisa became part of the
team. Laura viewed the project as an opportunity to gain more insight into how to
“support inquiry” and to help her students “take more responsibility for learning.”
Likewise, Lisa wanted to move away from teaching science as “a textbook deal.”

In year one of the project, the teachers completed one cycle of AR. In addition to
the above goals for enhancing their own personal, professional practice, their shared
goal for the project was to help their students develop a deeper understanding of and
positive attitudes toward healthy eating. As a result of what was learned in the first
year of the project, the teachers expanded their object in year two, the second AR
cycle, to try to “connect healthy living with the home, and basically get parents at
home more involved” (Anne, Interview). They “hoped that ... [they] ... would get
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parents more involved” in helping their children adopt healthier lifestyles (Ingrid,
Interview).

Tools

In activity theory, tools may serve several purposes in learning, such as to meet
goals and purposes, to find solutions to problems, to mediate thoughts and actions,
and to represent cultural and knowledge development (Kuutti, 1996; Murphy &
Rodrigues-Manzananares, 2014). The teachers used a variety of tools to help them
achieve their object of improving their own teaching in science through inquiry, as
well as helping their students become aware of and enact healthy lifestyles. The
overall professional development strategy was collaborative AR. Engaging in cycles
of action was a tool that allowed them to conceptualize and implement a classroom-/
school-based research project. During the process, an inquiry brief guided their
planning and implementation. Posing research questions, reviewing and interpreting
literature related to their research topic, planning classroom interventions to address
their research questions, and collecting and analyzing data were essential tools as
they completed two cycles of AR. For example, the teachers administered a pre- and
post-assessment survey “using a ShowMe app. [Students] drew pictures of and
talked about what healthy, well-balanced meals would look like... using data
collection tools was part of ... [their] ... inquiry process” (Reflection, Laura).

In addition to the AR tools, the teachers used several technological tools to
support the planning and implementation of their project. Google docs was a new
tool for all of the teachers, except Laura, and was used to complete their student
surveys. It also served as a way for the teachers to share and store files related to
project work. Evernote was recommended to the teachers by the TIA facilitators to
record their ongoing insights as the project unfolded. The tool was used to varying
degrees by the teachers. The photograph and video aspects of the iPads were also
used by the teachers as “digital proof of students’ work™ and they “started to record
the students doing science, visually with pictures and videos” (Anne, Reflection).
Other classroom pedagogical tools used by the teachers to target their outcomes
were curriculum documents, outside speakers and partners (e.g., farmer, chef),
garden materials, field trips to a local supermarket, student—parent—teacher
communication notebooks, varied inquiry-based approaches and strategies, and
consumable materials.

Norms

Norms are explicit and implicit guidelines or standards and practices that govern
or regulate an activity system. As prescribed by the provincial Department of
Education, the science curriculum outcomes were used by the teachers to guide the
content, skills, and attitudes that would be emphasized in the curriculum. While the
teachers traditionally were very good at integrating curriculum outcomes from other
subject areas, integrating science with other subject areas was new. Now they were
“looking at things more as a whole” and being selective about which outcomes to
target (Lisa, Interview). With the exception of one teacher, they described their pre-
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project teaching as being “traditional in science” and relying “too heavily on the
text” (Group planning meeting). This changed during the project, as the teachers
created a “more student-based, more hands-on, more inquiry-based curriculum”
(Interview, Alice). As Harriet shared during a planning meeting, “we had the
opportunity to work with the chefs, to go on a fieldtrip to the grocery store, and then
afterward have the little session with the dietician and the scavenger hunt. So the
opportunity for them to learn in a different way was good!”

Having sufficient time to engage in teacher-centered professional development
was not the norm for these teachers. In fact, when asked whether they had
participated in any science professional development over the last 3—5 years, the
teachers said that there were no opportunities available to them in science. So,
having time to engage in collaborative inquiry was new. “Typically [teachers] get
pushed into a room and everybody’s there, whether it’s something you’re interested
in or not” (Anne, Group debriefing meeting).

Community

By joining the TIA program, the teachers had an opportunity to extend the
community that supported their work, helping them to focus on their object of
adopting inquiry-based learning in science and improving students’ understanding
of and attitudes toward healthy eating. While the teachers felt they worked in a very
supportive school community, this project gave them the opportunity to get to know
their other team members better. Ingrid noted in a planning meeting, for example,
that she “now felt very close to some of the primary teachers that ... [she] ...
probably wouldn’t have known very well” prior to the project. The teachers’
community also included a “number of experts from outside the school such as a
nutritionist, a farmer, and local restaurant chefs” (Lisa, Interview). The principal
also attended some of the planning meetings and played a key role in supporting the
teachers, but was not involved in teaching. In this type of time-intensive teacher
inquiry, “a lot of support is needed. [The teachers] received a lot of support from the
TIA team” (Harriet, Researcher notes). The TIA team (the author, a professional
development facilitator, graduate students, and a coordinator) was part of the
teachers’ new community. “In the second cycle of the project, the community
expanded again to include parents. The teachers “got the parents involved; the
connection between home and school was really important to ... improve the home—
school connection” (Laura, Debriefing meeting).

Division of Labor

Within the teacher inquiry group, in both years, Anne assumed the strongest
leadership role. While tasks were shared, a lot of the coordination became Anne’s
responsibility. While all teachers participated fully in the planning/debriefing days
and all engaged in finding resources, planning activities, and implementing their
projects, some role differentiation did occur. For example, Laura, who was part of
the team in year two, was comfortable with technology, so “took on the role of the
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iMovie this year ... [the group] trusted [her] abilities in the tech aspect, to be able to
put it together and do a good job on it” (Reflection).

In addition to a division of labor among the teacher inquiry team, a shift in the
division of labor occurred in the teachers’ classrooms. They moved from teacher-
directed teaching in science, where the power in the classroom resided primarily
with the teacher, to “giving [students] more time to answer their questions, stepping
back and allowing them to figure it out and come to their own conclusions” (Anne,
Debriefing meeting). The teachers agreed that they never wanted to go back to a
reliance on the textbook and wanted to continue to create learning environments
where students could “be autonomous,” “explore and discover,” “collaborate in
groups,” and “be engaged in their learning” (Anne, Ingrid, Lisa, Debriefing
meeting).

ELINNT3

Contradictions as a Source of Learning

Addressing the contradictions in their activity system engaged the teachers in
doing things in new ways, which resulted in changes in their thinking and practice.
“Contradictions can drive transformations in future activities and portray how
human activities are tied to several complex phenomena” (Yamagata-Lynch, 2010,

p- 8).
The Nature of Professional Development

Traditionally, teacher professional development in science in Newfoundland and
Labrador (and in many other jurisdictions) has been limited to in-servicing where
new curricula are introduced or one-shot workshops are offered. Furthermore, the
teachers in this study talked about their experiences with PD in science; “this is the
only PD that [we] have had recently where [we] get the time to actually collaborate
and work things through as a team. ...” (Astrid, Planning meeting). By participating
in the TIA project, new tools and an extended community allowed the teachers to
modify their approaches to how to teach science. While they had a desire to do this
in the past, without the tools and supports to do so, they were not positioned or
comfortable in making changes to their classroom practice.

Becoming a researcher in their own classrooms was a new role for the teachers as
well. This was not part of their typical approach to personal, professional
development. By adopting the tools of AR (the AR inquiry cycle, reviewing the
literature, data collection methods), the teachers were able to scrutinize their actions
and the outcomes of those actions in a systematic way. In the past, the teachers did
not have this opportunity to “question the best way to teach ... [or to] question their
own practices” (Anne, Reflection). The teachers found answers to their research
questions, creating changes in the object of their activity system and the learning
environments in their classrooms. Although there were challenges during the AR
process, such as organizing and analyzing data and becoming comfortable with
“letting go of the classroom control” (Astrid, Interview), this tangible change
became the impetus and motivation for them to continue with a second cycle of AR.
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The teachers had opportunities in the project to work with teachers and other
educators outside the school. For example, they utilized the expertise of a
horticulturalist and a local farmer to assist them with setting up and maintaining
their garden. Communication and collaboration were enhanced, thus allowing for
change to occur in their activity system. For the teachers, it “made [them] reflect,
engaging [them] in asking more questions” (Harriet, Reflection). At times, they felt
it was “overwhelming,” but the AR process “gave [them] a way to be motivated
and take control of [their] learning” (Alice, Interview).

Classroom Practice

By changing their role as teachers of science, the teachers were able to address a
long-standing contradiction of primary—elementary teachers: not being comfort-
able or confident in teaching science as a result of not having strong science content
knowledge or an understanding of how to structure science teaching and learning
through inquiry. The teachers reported that they enhanced their content knowledge
as it relates to nutrition and plant growth and life cycles as evidenced in a debriefing
meeting: “We have definitely become more knowledgeable about this content and
more confident” (Anne). Furthermore, they held beliefs that valued inquiry. The
project “helped [them] become more familiar with curriculum outcomes” and “to
become more comfortable” in teaching science (Ingrid, Interview). They reported
that they “were now facilitators of learning,” “allowed students to pose their own
questions,” “used I-wonder questions,” and “allowed [students] more time to
figure things out” (Anne, Alice, Laura, Reflections). During the project, “children’s
attitudes about healthy eating changed pretty significantly. They are now talking
about and assessing what is and is not healthy” (Laura, Interview). Laura further
noted, “At the beginning, many of the younger children did not really “understand
that food comes from animals and plants.” In addition, the division of labor in the
learning environment shifted to where power was shared more equitably between
the teachers and their students. Students had more autonomy, “having more time to
answer their own questions ... and to come to their own conclusions™ (Alice,
Debriefing meeting). The teachers acknowledged that this shift from teacher-
centered teaching to creating a student-centered learning environment “was not easy
at first. It required a shift in [their] thinking about the role of the teacher” (Anne,
Reflection).

Parental Involvement

The school had a supportive parental community. There was a high level of
parental involvement in all school activities ranging from fund raising to supporting
teachers during informal school outings. However, the teachers in the project rarely
asked parents to be directly involved with their children’s classroom learning in an
ongoing manner. At the end of year one of the project, it became apparent to the
teachers that they needed to encourage “parents to be more connected to the
project” so “parents and teachers could be on the same page” (Anne, Interview).
They were able to garner more parental involvement in their project, but not to the
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extent they wished. As Lisa shared in a debriefing meeting, “Parents get a lot of
feedback—just report cards or agendas. They get to know what’s going on, but they
don’t really know what’s happening in the classroom.” After the first year, the
children knew what healthy eating was and what healthy food was, but because of
their home environment, they “had little control over what’s actually given to
them” (Lisa, Reflection). While the teachers had some success with parents, the
level of involvement “was not as high as they had hoped. It is not something (parent
involvement and family healthy eating) [they] were going to change overnight”
(Ingrid, Debriefing meeting). The teachers felt that this contradiction was still
unresolved at the end of the project.

Conclusions

This study described the changing activity system of a school-based group of
action researchers as they engaged in a new form of professional development (new
to them) and adopted student-centered inquiry pedagogy. It also identified the
contradictions that existed in their activity system and how they were addressed.

As a result of participating in a teacher-centered form of professional
development focused on the teachers’ needs and the needs of their students, the
teachers became more confident teachers of science, enhanced their pedagogy, and
were able to successfully address some of the contradictions in their activity system.
The goal of having parents more fully involved in helping their children embrace
active living and healthy eating was not fully realized. Based on the teachers’
review of the literature and the potential for parents to be strong socializing agents
for their children (see, Jeynes, 2005, 2007; Savage, Fisher, & Birch, 2007), the
teachers had determined it would be feasible to introduce strategies to engage
parents in their children’s learning (e.g., student—parent—teacher communication
notebooks, parents participating in field trips, and holding information sessions with
parents re healthy eating). The teachers realized that this type of change would
require more time than simply one cycle of AR.

Changes in the teachers’ activity system and their ability to reach their learning
goals can be attributed to the extension of their community to include university
researchers and community resource people and having adequate time for
professional learning to participate in ongoing sharing and reflection, something
that was rarely available to them in the past. Furthermore, the study highlights the
importance of having access to new tools and appropriate scaffolding to use the
tools. These new tools such as inquiry-based pedagogy and the tools of AR, helped
to expand the object of the teachers’ activity system. The tools also provided a
means for them to expand their community such that they were able to engage in
meaningful, teacher-directed professional learning. For these teachers, experiencing
professional development through collaborative AR was new. With support from an
extended community, time, and resources, the teachers were positioned to embed
their beliefs and perspectives in classroom practice and address the contradictions in
their activity system. Often, because of the situational context and personal beliefs,
teachers find it challenging to adopt reform-based, inquiry-based pedagogy
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(Luehmann, 2007; McGinnis, Parker, & Graeber, 2004; Tillotson & Young, 2013).
The approach to collaborative action research adopted in this study created the
conditions needed to allow the teachers to address contradictions and to transform
their thinking and classroom practice.

Activity theory has been criticized by scholars on philosophical, theoretical, and
methodological grounds (Backhurst, 2009; Toomela, 2008). For example, Roschelle
(1998), in a critique of the work of Nardi (1996), argued that activity theory research
is not generalizable and that the theory does not always contribute to practice.
Likewise, in this study, the outcomes cannot be generalized to other contexts.
However, the intent of this study was to use activity theory to better understand the
complex activities involved in professional learning within a particular context.
Much like case study and other forms of qualitative inquiry, lessons may be learned
from the particular that may be applied to similar contexts (Merriam, 1998; Stake,
1995).

Implications

This study shows how the framework of activity theory may be used to garner
insight into the activity and learning of teachers, as both their activities and the
context in which their work is embedded evolve and change over time (Yamagata-
Lynch, 2010). While principles of effective teacher professional development have
been established, knowing how to embed these in effective professional develop-
ment experiences for teachers can be a challenge. This has implications for
educators who plan and support teacher professional learning. Activity theory can
provide a means to consider the processes and activities that make up teachers’
activity systems and the contradictions that either afford or constrain their learning
goals.

In order for the teachers to address their contradictions, they needed opportunity
and a range of supports which were offered through an approach to professional
learning that was teacher-centered, goal-oriented, and systematic. Having this
insight can better position those involved in professional development to understand
the needs of teachers and how particular tools and supports (e.g., expanding
teachers’ communities to include resource people) may enhance their learning.
Activity theory with its focus on the social, collective, and contextual nature of
learning offers a comprehensive approach to considering how to design and
implement professional learning for teachers. It moves beyond a focus on the
individual only and allows for consideration of how many complex factors (e.g.,
teachers’ beliefs and perspectives, tools, norms, community) may enhance or hinder
teacher learning (Roth & Tobin, 2002).

There is a small body of research that applies CHAT to science teaching and
learning. The research that examines the professional learning of primary—
elementary teachers through CHAT is almost nonexistent. This study contributes
to this body of literature, using activity theory to interpret and analyze how tools, an
expanded community, and contradictions become sources of teacher learning and
transformation. This study did not use CHAT as lens to plan the professional
development program, but as a lens for data analysis. CHAT may also be adopted as
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a tool for teachers to self-reflect on how changes in their activity systems are
contributing or thwarting their professional learning. Being aware of the complex
interactions between elements in their activity system can better position teachers to
make informed choice about how to effect change in their classrooms and schools.
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