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Abstract: Teacher education programs are a critical site for preparing teachers’ self-regulated learning
(SRL) knowledge and capacity to foster students’” SRL skills. The present study describes preservice
science teachers’ (PSTs) perspectives and practices regarding SRL after a brief learning opportunity.
The participants were 12 PSTs in a certification program for teaching secondary science. The data
came from course assignments, lesson plans, and semi-structured interviews. The findings showed
the PSTs appreciated the role of SRL and tried to integrate SRL processes into their science lessons.
However, they needed further support to systematically implement SRL processes in classrooms.
Findings from this study are relevant for science teacher educators who are interested in improving
science teaching because the link between SRL and science teaching is discussed. They may also
support teacher educators in making more informed decisions about course design and instruction
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regarding SRL. Finally, since suggestions for future studies are discussed, this research is relevant for
science education researchers who study teachers’ perspectives on and practices related to SRL.
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Over the last four decades, multiple authors have proposed definitions for self-
regulated learning (SRL). Among these, it has been conceptualized as (1) a goal-directed
process in which learners are metacognitively, motivationally, and behaviorally active
participants in their learning process [1,2]; (2) “an active, constructive process whereby
learners set goals for their learning and then attempt to monitor, regulate, and control
their cognition, motivation, and behavior, guided and constrained by their goals and the
contextual features in the environment” [3] (p. 453); and (3) a process where “learners
themselves build the knowledge they acquire” [4] (p. 1). Common to all of these definitions
is that SRL is as a dynamic process that can be used by learners to achieve their learning
goals by integrating different variables that influence learning, such as goal orientation,
metacognition, strategic thinking and action, and motivation.

Most learners regulate their learning to some degree, but the extent to which they
consciously do so differentiates achievers from underachievers [5]. This is supported by
a host of studies that have shown that SRL is critical for success in learning in academic
life and beyond [6-9]. Highly self-regulated learners often feel empowered because they
believe that success largely depends on their skill in effectively using and adjusting strate-
gies [7]. Theorists have argued that SRL is teachable [10], and studies have supported this
premise [11].

Despite the importance of SRL, many students do not have the SRL skills needed to
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their learning. Another reason is that students are not given sufficient opportunities to
regulate their learning in the classroom and to develop SRL skills [16].

It stands to reason that one way to promote SRL in students would be to provide
teachers with opportunities to develop SRL knowledge, and the ability to foster SRL in
their students. Scholars have advocated that such professional learning should occur early
in teachers’ career before they adopt ineffective strategies [17-19]. A systematic literature
review of SRL professional learning for teachers by Capps and colleagues [20] reported
that there had been only three studies aimed at promoting science teachers’ ability to foster
SRL skills in their students (see Table 1 for a summary of salient features and learning
outcomes from these studies). All of these studies are relatively recent (i.e., published
within the last decade). The studies employed different instructional approaches, and
all reported positive learning outcomes for their participants, including improvements
in science teachers’ arrangement of SRL environments, professional vision for SRL, and
ability to implement SRL processes. Two of the studies pertained to the development
of SRL knowledge and ability in early career science teachers [21,22]. Given the limited
focus on this critical time for developing SRL knowledge and ability, the current study
aimed to investigate preservice science teachers’ (PSTs) perspectives and practices after
a SRL learning opportunity. The research questions were as follows: (1) What are PSTs’
perspectives on SRL after a brief learning opportunity? (2) How do PSTs implement SRL
processes in the classroom?

Table 1. Review of the literature on SRL professional learning for science teachers to foster stu-
dents’ SRL.

Study

Salient Features .
Learning Outcomes

Approach Duration Objective

Integrating systematic

learning from problematic
[21] and successful experiences 96 h
into a science teacher

The teaching of SRL strategies
and arrangement of SRL
environments were improved

Capacity to teach
students SRL strategies

preparation program

Training in the professional

Professional vision for SRL
and SRL teaching were

Teachers’ progress improved. Hint prompts had a

[22] vision for SRL mapping 12 weeks 1nt ma}Ii.p m%EEd greater positive effect on both
caching measures than guided or
self-guided prompts
[23] of Zimmerman’s model of 32 weeks Supporting students’ observation an%l emulagtion but
SRL and how to support SRL development

student SRL processes

did not often encourage
students to use self-reflection

Zimmerman'’s cyclical phases model of self-regulated learning

There are six models that emphasize different aspects of SRL [24]. Although each
model comprises different constructs and processes about SRL, they all share common
features and general assumptions. This study is framed by Zimmerman’s cyclical phases
model of SRL [25,26]. The model includes three phases: forethought, performance, and self-
reflection (Figure 1). The forethought phase includes two major categories: task analysis
and self-motivation beliefs. Task analysis involves two key processes: goal setting and
strategic planning. Goal setting is to specify the outcomes that one expects to attain.
Strategic planning is to choose or construct learning methods that are appropriate for the
task and environmental setting. The forethought phase depends on self-motivation beliefs
such as self-efficacy, outcome expectations, task interest/value, and goal orientation. The
sources of motivation impact goal setting and strategic planning [26].
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Figure 1. Zimmerman’s cyclical phases model of SRL [25].

The performance phase involves two major categories: self-control and self-observation.
Self-control consists of a variety of processes such as task strategies, self-instruction, im-
agery, time management, environmental structuring, help-seeking, interest incentives, and
self-consequences. Task strategies refer to developing a systematic process for addressing
specific components of a task. Self-instruction is about how to proceed as one executes a
task, for example, self-questioning while reading. Imagery involves forming mental pic-
tures to support learning and retention. Time management refers to strategies to accomplish
tasks on schedule. Environmental structuring involves increasing the effectiveness of one’s
immediate environment. Help-seeking involves asking for assistance when learning or
performing. Interest incentives can be a motivational strategy rather than a metacognitive
process. One example of interest incentives can be increasing game-like qualities (e.g., com-
peting with a classmate to recall vocabulary terms in a foreign language). Self-consequences
involve setting rewards or penalties for oneself (e.g., holding off on a pleasurable task until
a less pleasurable task is completed). There are two critical processes of self-observation:
metacognitive monitoring and self-recording. Metacognitive monitoring or self-monitoring
refers to informal mental tracking of one’s performance processes and outcomes. On the
other hand, self-recording refers to creating formal records of learning or outcomes [26].

The self-reflection phase is composed of two categories: selfjudgment and self-
reaction. There are two processes of selfjudgment: self-evaluation and causal attribu-
tion. Self-evaluation refers to comparisons of one’s performance with a standard. Causal
attribution is beliefs about the causal implications of personal outcomes such as one’s
fixed ability, effort, or use of strategies. Self-reaction includes self-satisfaction/affect and
adaptive/ defensive. Self-satisfaction is defined as cognitive and affective reactions to one’s
self-judgments. Adaptive decisions describe one’s willingness to engage in further cycles
of learning by continuing the use of the strategy or by modifying it. By contrast, defensive
decisions mean avoiding further effort put into learning in order to protect one from future
dissatisfaction [26].

2. SRL Learning Opportunity for Preservice Science Teachers

There are three major areas of emphasis for SRL professional learning: self-regulation
of learning (teachers as learners), self-regulation of teaching, and promoting students’
SRL [27]. This study focused on the latter. The learning opportunity included two lessons,
three hours each. The first lesson introduced PSTs to what SRL is, why it is important to
promote SRL skills in students, and to Zimmerman’s cyclical phases model of SRL and its
individual processes. The second lesson focused on how to foster SRL skills in students.
The lessons were taught during the 4 th and 9 th weeks of a 15-week Science Methods course
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in the Fall of 2020. PSTs were asked to read a chapter from Cleary’s book [28] before each
class (Chapter 1—"SRL loop: The conceptual foundation” and Chapter 9—"Teaching SRL
skills: Classroom-based lessons and activities”, respectively). The lessons were delivered in
person, but due to COVID-19, students had the option to participate synchronously online
via Zoom.

The lessons were designed to reflect well-known features of high-quality professional
learning. They were active, focused on the participants’ content knowledge, and provided
them with opportunities for feedback and reflection [29]. The lessons also took into account
the findings from other studies regarding effective professional learning. For instance,
Guskey [30] stated that if teachers believe a learning opportunity provides them with useful
knowledge and skills, they are more likely to engage in it. Channeling this idea, our lessons
emphasized how knowledge of SRL could be used to support their students’ learning.
Below, we describe in detail how the lessons went.

2.1. SRL Lesson 1—Introduction to Self-Regulated Learning

The lesson started with five Kahoot questions. The questions served two purposes:
(1) as the engagement phase of the lesson and (2) as a formative assessment to understand
what PSTs learned from the pre-class reading. Then, the instructor provided two different
definitions of SRL, emphasized common points between the definitions, and asked the
PSTs to define SRL in their own words. All PSTs answered on Slido.com; then, the class
considered three responses that best reflected the essence of SRL. After that, the instructor
discussed four reasons for promoting SRL in instruction, which were distilled from the
literature, and showed a four-minute video that provided three additional reasons. The
instructor also gave students a real-life example of how SRL can be applied. Then, PSTs
answered a recap question to check their understanding.

Next, the class discussed the three components of SRL: metacognition, motivation, and
strategic thinking and action. The instructor showed PSTs two definitions of metacognition;
one was formal, and the other was informal but easier to understand and remember. After
that, the students were told about the differences between metacognition and cognition. To
check students” understanding, the instructor reminded them of three types of knowledge
(propositional knowledge, procedural knowledge, and conditional knowledge) and asked
them to consider in which of these types of knowledge metacognition would fall. Regarding
motivation, the students were asked two questions: “How do we increase our motivation
for doing things?” and “Which option is the most feasible? Why?” Then, a concept map
was shown (see Figure 2). The instructor discussed the links between the concepts before
PSTs answered the two questions above. The emphasis was on the positive feedback loop
at the center of the concept map (motivation follows action). For strategic thinking and
action, the class discussed the roles of strategies, distinguished task strategies and SRL
strategies, and emphasized the importance of flexibility in strategy use.

The instructor introduced the three-phase model of SRL to PSTs. The class formed six
groups, where they discussed examples of how they used SRL processes in their learning.
After 10 minutes, each group shared their examples. Then, they discussed most of the
processes in the three-phase model: task analysis, goal setting, strategic planning, self-
motivation, environmental structuring, attention control, self-monitoring, help-seeking,
and self-reflection. The focus was on self-questioning strategies for each SRL process. For
each of the processes, the instructor provided a formal definition and gave examples. PSTs
were asked to come up with self-questioning questions that might support them in each of
the processes and provided them with some more questions from the SRL literature. For
example, the following questions were provided to support PSTs in self-monitoring:

Am I making good progress toward my goal?

How well are my strategies working?

What changes in strategies should I make, if any?

What material is the most important?

What material am I having trouble understanding?
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How does what I am learning relate to what I already know?

How is my thinking on the topic changing?

The last section of this lesson focused on the characteristics of self-regulated learn-
ers. The instructor showed PSTs a table in the book chapter they had read that listed
characteristics of self-regulated learners. Then, the PSTs formed six groups to discuss
these characteristics and generated five additional characteristics of self-regulated learn-
ers. The lesson ended with a question asking students three take-away points from the
lesson. Afterwards, the instructor read and gave feedback on all PSTs” writings for their
assignment.
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Figure 2. Concept map of motivation’s relevant constructs.

2.2. SRL Lesson 2—How to Foster Self-Regulated Learning Skills in Students

The second lesson focused on promoting SRL skills in students. Thus, the emphasis
was on discussing different strategies to foster students” SRL and noticing those strategies.
First, the instructor asked a few questions regarding the book chapter PSTs were assigned to
read before class [28] (chapter 9). The chapter discussed both the reasons for, and strategies
behind, fostering students” SRL skills. Second, the instructor introduced Zimmerman'’s
development of self-regulatory skill model. This model helps PSTs understand that students
at different levels of regulation need support differently. The model also shows general
strategies to foster students’ SRL skills. Third, the class discussed teacher questioning as
a strategy to promote students’ SRL skills. This was the focus of the lesson. The class
formed six groups to discuss and write down questions to ask students in each phase of
SRL (forethought, performance, and reflection). Many of questions the PSTs came up with
were from modifying self-questioning questions that they learned from the first SRL lesson
(and this met the lesson’s learning objectives). The lesson was designed to reinforce PSTs’
understanding and to show them that the questions they have learned can be modified and
used for different purposes. Fourth, PSTs worked in groups to analyze a lesson plan [31]
for strategies to foster students’ SRL skills. Then, they shared what they found with the
whole class.
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In the last section, PSTs were asked to put all what they had learned together to analyze
strategies in a video of a science teacher teaching a lesson on disrupting an ecosystem.
The instructor asked two questions: Which SRL skills did the students need to perform
well in the classroom? How did the teachers foster SRL skills in their students? Then, the
instructor showed them a 12-minute video. The video showed good science teaching that
required students to have strong SRL skills. Then, the PSTs discussed with their group
to answer the questions and shared their responses with the whole class. The instructor
recapped the main strategies the teachers in the video used and showed the video again.
During the second time watching the teaching, she stopped the videos a few times and
pointed out the main strategies. The instructor ended the lesson by asking two reflection
questions to ensure PSTs understood the key points.

3. Method

As descriptive qualitative research, this study strove to describe PSTs’ perspectives
and practices regarding SRL after a brief learning opportunity.

3.1. Participants

The participants were 12 PSTs in a certification program for teaching secondary science
at a research university located in the southeastern United States. The PSTs actively chose
to participate in the study. All participants’ names are pseudonyms. Table 2 provides
information regarding the PSTs’ gender, the subjects that the PSTs teach, and the degrees
they seek.

Table 2. Participant demographic information.

Gender Subject Teaching Degree Seeking
Male Female Biology Chemistry Bachelor Master’s
4 8 10 2 4 8

3.2. Data Sources

Data came from a reflective writing assignment, a paper where the PSTs described
their rationale for teaching science, lesson plans, and semi-structured interviews. The
reflective writing was assigned to the PSTs after the second SRL lesson, which focused on
fostering SRL skills in students. The assignment questions were as follows: “Reflect on a
lesson you have created or taught in practicum. Did you use any SRL processes? Based on
your study of SRL, how can you modify your lesson to enhance student learning and, at
the same time, foster SRL skills in your students through the classroom activities?” The
participants wrote an average of one page for this writing. The writings were graded based
on completion (not content). Additionally, the instructor gave feedback on all the writings.

The rationale paper served as the final assignment for the course. The participants
wrote the paper at the end of the fall semester. The paper reflected the PSTs” perspectives
on science teaching in general and on some specific aspects of teaching. The rationale
paper did not directly ask the participants to write about SRL because we were interested
in knowing whether it would come up naturally in their writing. The participants chose
topics that they felt were important in the teaching and learning of science. The average
length of these papers was 11 pages.

Interviews were conducted with 5 out of the 12 participants. The interviews lasted
about 30 minutes and were conducted individually in the last two weeks of the spring
semester (2021). Prior to the interview, PSTs shared their most recent lesson plans including
classroom materials with the interviewer. The first author read the lesson plans, identified
which part of the lessons might be integrated with SRL processes, and added a few prompts
that aimed to understand whether and how the participants implemented SRL processes in
the classroom (the researchers did not require the PSTs to integrate SRL into their lessons for
the interviews). Part of the interview questions used terms from the Zimmerman SRL model
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that the participants discussed during the lessons. Participants were asked to describe
what actions they and their students carried out in the classroom, followed by questions
about the goals of the classroom activities. If the participants mentioned an activity that
had the potential to integrate SRL processes, the interviewer prompted them to better
understand whether, how, and why the participants did so. These interviews followed
Patton’s [32] recommendations for standardized, semi-structured interviews. During the
interviews, the interviewer’s responses to the PSTs were a combination of non-leaning
leads and low-inference paraphrasing [33]. The questions asked the participants to recall
their specific experiences in detail [34]. The goal of these interviews was to understand the
participants” SRL perspectives and practices.

3.3. Data Analysis

The interviews were transcribed using Otter.ai. Then, the first author listened to each
recording, correcting mistakes, and adding information that was missed by the program.
Inductive thematic analysis was used to analyze the reflective writings, rationale papers,
and transcripts [35]. We conducted two coding cycles. The first cycle used in vivo coding,
and the second used pattern coding [36]. First, a content analysis was conducted to identify
relevant sections that emerged from the writings and interview transcripts. We began by
reading the writings/transcripts to familiarize ourselves with the PSTs” ideas. We then
re-read each of the writings/transcripts to identify sections that might help answer the
research questions. After identifying the SRL sections, we copied and pasted them into a
text document for analysis. We read the participants’ sections, added a separate column
next to the content, and conducted in vivo coding, using short phrases from the participants’
language as codes. The codes reflected the participants” descriptions and explanations of
how they thought about the roles of SRL and how they implemented SRL processes in
the classroom.

Then, we conducted pattern coding and identified a sample response for each theme [36].
We placed the codes into a spreadsheet and grouped them based on the meaning of the
perspectives/practices. We also counted the frequency of each group. Using the groups of
codes, we developed a theme describing the PST perspectives/practices regarding SRL for
each group. In developing these themes, we aimed to stay as close to their sentiments as
possible. We also returned to the text document to find sample responses for the coding cat-
egories. Two researchers co-coded the data, and all disagreements in coding were resolved
through discussion.

4. Findings

In this section, we present the findings regarding the participants’ perspectives on
SRL and reported teaching practices related to SRL at three different points in time during
the academic year. However, first, we include a brief summary of our responses to the two
research questions. For the first research question (i.e., PSTs’ perspectives on SRL), we found
that even though a few participants were aware of obstacles in the implementation of SRL,
all valued the role of SRL and wanted to integrate SRL processes into their lessons; some
participants saw the connection between SRL and important science teaching practices
such as inquiry-based teaching. For the second research question (i.e., PSTs" reported
teaching practices related to SRL), most participants did not integrate SRL processes into
their lessons before learning about SRL, but afterwards, they reported enacting the SRL
processes that they valued most or found easiest to implement.

4.1. After Learning about How to Foster SRL Skills in Students

Four out of the twelve PSTs reported that they integrated SRL processes into their
lessons for practicum teaching even though they did not plan to. The rest did not implement
SRL processes. Even though the PSTs were aware of some difficulties in the implementation
of SRL, they valued the roles of SRL and wished they had implemented SRL processes
during their practicum. Below, we discuss each of these themes in more detail.
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The PSTs acknowledged they did not include SRL processes in their lessons before the
learning opportunity, and if they did, they did not purposefully mean to integrate them. “I
did use a couple of SRL processes. Although I did not intentionally mean to incorporate
SRL processes, naturally, I found some embedded into my lesson” (reflective writing of
Laura).

“When I think back on the lesson I taught, I don’t think that I really integrated SRL
... lalso didn’t give students a clear plan regarding how to track their behavior
or performance during our activity. At the beginning of the activity, I did give
students a reminder that if they were on task, then that meant they would have
more time to do the fun part of the activity, which was creating their own paper
plate cell. However, throughout the activity, I didn’t really give students any sort
of scaffold or help to allow them to track their progress or performance. If I were
to give this lesson again, I might have a checklist on the whiteboard, that checks
off the steps students should be taking during the activity, that way the students
would be able to see what steps they have completed and what they need to do
next” (reflective writing of Lily).

The PSTs reported difficulties implementing SRL in the classroom related to time and
their capability to implement SRL processes. “I had to determine whether I valued every
student getting the opportunity to do the lab or having some students really go deep and
think for themselves. I chose the former” (reflective writing of Tim).

“I find that even though SRL may be intuitive to me through the perspective of a
student, I find that as a teacher, it is harder to actually integrate SRL into lessons.
In the future, I hope to be more intentional and more mindful about what I could
do to help foster stronger SRL skills in my future students” (reflective writing
of Lily).

However, the PSTs thought the SRL lessons were helpful. “After our lecture, I have
a much better appreciation for SRL and how it can help students become better learners.
I'want to incorporate these skills into my future classroom as much as possible” (reflective
writing of Amy).

The PSTs showed positive perspectives on implementing SRL. Mike wrote, “Overall, I
still have a lot to learn about SRL, but I consider it to be one of the most important things
that I can integrate into my classroom.” They also wanted to integrate SRL processes they
had learned about into their lessons and had some good ideas regarding how.

“I would have also liked to promote goal setting at the beginning and end of my
lecture. I could have added slides outlining the learning goals for the day and
then came back to the slide right before the end of class to provide a wrap up of
what we did and what I wanted them to learn. I think that this is an easy way to
help students make sense of things in their head as providing a conclusion to a
lesson to tie everything together is necessary” (reflective writing of Mike).

The two SRL processes that most PSTs wished they had implemented during their
practicum were self-monitoring and self-evaluation. “We could provide them with a
worksheet at the very beginning of the activity to monitor their progress throughout the
lesson” (reflective writing of Anna).

“In my lesson, I also didn’t ask or guide students to reflect on their behaviors
or performance on the activity. I definitely ran out of time while students went
through their activity, so looking back I would have wanted to summarize the
main points of the lesson. During this time, I think a discussion guiding the
students to reflect on their behaviors and performance on the activity would fit
naturally” (reflective writing of Lily).
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4.2. At the End of the Fall Semester

Ten out of the twelve PSTs discussed SRL in their rationale papers. The sections on
SRL ranged from a long paragraph to two pages. In this assignment, the PSTs expressed
an appreciation of the role of SRL in science learning and had plans to implement SRL
processes in their classrooms. Six out of the twelve PSTs planned to put an emphasis
on SRL. “Self-regulation is a skill I would put an emphasis on in my classroom as the
capability to self-regulate is a lifelong skill not only applicable to future schooling but in
other future endeavors” (Laura’s rationale for teaching paper). Six PSTs stated that self-
reflection (including self-evaluation and adaptive decisions) was one of the most powerful
skills related to SRL, whereas three others wrote that they would focus on goal setting
and planning.

“One of the most powerful skills related to self-regulated learning that I have
seen modeled in my Block 1 classes this semester is reflection. In the past, I have
not spent much time reflecting on my work or activities, so I have personally
found this to be extremely helpful in finding parts of assignments or lessons that I
would like to do differently or change. I believe utilizing a skill like this will help
my students in the future better understand not only their work but themselves.
I think this would be appropriate to utilize after a writing assignment or group
work done in my class; for example, the lesson plan I described earlier where
students will complete a CER (claim, evidence, reasoning) exercise would be an
ideal exercise to include a self-reflection portion at the end of the assignment. I
would give students a few prompts to help guide the reflection that would have
them think about how they completed the assignment, how they determined
which sources to use, and how they would or would not attempt to complete
the assignment differently if they could redo it. I believe these kinds of powerful
questions will require students to think about how they work and complete
assignments and modify their techniques in the process” (Amy’s rationale for
teaching paper).

Overall, this unprompted but widespread acknowledgement of SRL in their assign-
ment is evidence that they viewed it was an important topic from the course related to the
teaching and learning of science.

Eight participants linked SRL to inquiry-based learning or engaging in scientific
practices, such as modeling, in their rationale papers. These PST’s either observed that
engaging students in scientific practice naturally put students in more reflective modes
or that the less structured the task, the more opportunity there would be to engage in
SRL processes. As an example of recognizing how scientific practice puts students in a
reflective mode, one of the participants noted “By allowing students to create and evaluate
models, I can also encourage SRL skills, as students have to self-assess their previous
models to develop better models” (Tracy’s rationale for teaching paper). As an example of
how making an investigation less structured could result in fostering students” SRL skills, a
participant wrote:

“I believe that many of the common lab activities used in high school Chemistry
courses can be modified to promote self-regulated learning simply by leaving
out some of the direction. Take a Law of Conservation of mass lab for example.
A traditional approach to an activity like this could look like a detailed, step-
by-step list of instructions that the students would follow. They would write
any observations and then answer questions about what they observed at the
end. Instead, I would implement this lesson by explaining the law and what it
means and then asking the students to create their own investigation that would
accurately show this concept” (Rich’s rationale for teaching paper).
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4.3. Near the End of Student Teaching (the Spring Semester)

The PSTs found that it was challenging to implement SRL processes systematically
(it is worthwhile noting that none of the PSTs that were interviewed were ones that had
included SRL processes in their lessons before learning about it).

“But during an actual lesson, that’s a lot harder for me to be cognizant of it. It’s
always something that’s like in the back of my head or after the class is over, 'm
like, ‘Oh, I should have done this.” It’s a lot harder to think of that off the top of
my head” (interview of Amy).

However, the participants tried to use specific strategies that they appreciated most
or found easiest to implement, such as asking questions that help students strategically
plan before working on a learning task, giving students opportunities to self-evaluate, and
asking questions that make students reflect on their performance. These strategies relate
directly to the two SRL processes: strategic planning and self-evaluation, (though none of
the participants mentioned self-monitoring).

“The easiest thing for me to incorporate for SRL is the forethought aspect of SRL.
And that’s by, you know, integrating questions into the lesson plans that prompt
students to analyze and make plans to complete tasks, especially at the beginning
and towards the middle of the lesson” (interview of Mike).

“I think my reflection questions really helped with self-regulated learning because
they (the students) can think, ‘what did we do that might have impacted our
results? What did we do? Why did we do it?” And helping them think through
those answers and reflect on what they have done and what they have experi-
enced ... Just really making sure that they understand the reflection process is
super important. And it’s part of everything that we do in school” (interview
of May).

5. Discussion

Evidence that the PSTs gained some understanding of SRL as a result of the instruction
came from their reflective writing assignment, where they recognized that they did not
integrate SRL processes into their practicum lessons. Evident in Lily’s reflection, the
PSTs could see where they would enact SRL processes to make their lessons even better.
In addition, the SRL literature states that SRL processes can be naturally integrated into
classroom lessons [28]. The PSTs in this study confirmed this. In her reflection after learning
about how to foster SRL skills in students, Laura wrote that she naturally embedded a
couple of SRL processes into her lessons before learning about SRL.

The PSTs were aware of some difficulties in the implementation of SRL processes.
For example, Lily found that it was easier for her to adapt SRL processes by herself as
a learner than to implement them as a teacher to foster SRL skills in her students. This
makes sense because it requires more than being a good self-regulated learner to become a
good self-regulated teacher who can foster these skills in students. Therefore, becoming
a good self-regulated learner is helpful for learning how to foster SRL skills in students.
However, the knowledge and skills are not directly transferred; practice is necessary. In
addition to supporting PSTs in becoming good self-regulated learners, professional learning
is needed to help PSTs become good self-regulated teachers. As Amy wrote, the SRL lessons
supported her in understanding how SRL processes help students become more effective
learners. Furthermore, the PSTs’ positive perspectives on SRL and their plans to integrate
SRL processes in their lessons are evidence that the SRL lessons were viewed as valuable.

One of the SRL processes PSTs focused on was self-evaluation. This finding is different
from Porter and Peters-Burton’s study [23] who found that PSTs did not often encourage
students to self-reflect. After learning about how to foster SRL skills in students, the SRL
processes most PSTs wanted to implement were self-monitoring and self-evaluation. At the
end of the Fall semester, the SRL process most PSTs planned to emphasize was still self-
evaluation. Additionally, one of the SRL processes they did implement the next semester,
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during student teaching, was self-evaluation. Thus, there was some alignment between
PSTs” SRL perspectives and their reported teaching practices.

Eight out of the twelve PSTs made a connection between SRL and advance pedagogies
such as inquiry and engaging students in scientific practice. The Next Generation Science
Standards (NGSS) state that “engaging in scientific inquiry (the practices of science) requires
coordination both of knowledge and skill simultaneously” [37] (p. 41). We think that SRL
processes such as reflection and metacognitive monitoring can play an important role in
this coordination. Due to time constraints, the learning opportunity did not explicitly focus
on the link between SRL and science practices. Nonetheless, it was promising that many of
the participants made this connection. This suggests the PSTs understood the SRL processes
and had a good idea of how they might use them in a way that serves science teaching and
learning. From this finding, we recommend including SRL in programs for PSTs.

The present study contributes to discovering how much support is enough to help
PSTs appreciate the role of SRL and implement SRL processes in the classroom. The findings
suggest that it might not require a large investment of time or effort to help PSTs begin to
appreciate the role of SRL. Additionally, helping teachers value the role of SRL early in
their career before they adopt ineffective instructional approaches is critical. Regarding
teaching practices, the PSTs needed more coaching and feedback to be able to implement
SRL processes in science classrooms systematically. Given the PSTs” positive perspective on
SRL and their attempt to enact SRL in their classroom, we think that continued professional
learning that focuses on strategies to integrate SRL into science lessons will help improve
teachers’ capacity to put SRL into practice. Another consideration for teacher education is
that PSTs might need more support with one or two SRL processes than the others. For
example, even though self-monitoring was a SRL process the PSTs wanted to implement,
our findings show no clear evidence of self-monitoring implementation. This means the
PSTs need more support with strategies to implement this SRL process than the others (e.g.,
self-evaluation).

Teacher educators are currently seeking out ways to help teachers see the benefits of
SRL for learners and to support them with implementing SRL [38]. While posttest results
of professional learning programs are important to assess the effectiveness of the training,
it may be even more important to look at the impact on teachers’ practices later on via a
delayed posttest. The existing study shows that a short SRL learning opportunity could
make PSTs appreciate SRL and want to implement it into their teaching, but that does not
mean the participants will effectively apply all they have learned, in the future, without
further coaching and feedback.

Teacher preparation courses are a critical site for enhancing teachers” SRL knowledge
and capacity to foster students’ SRL [38]. Our findings point to some potential areas for
further research involving teacher education. First, it is worthwhile to further investigate
the alignment between teachers’ perspectives on SRL and their SRL-related classroom
practices. Case studies might help examine how well aligned the two constructs are.
Second, further research is needed to identify which SRL processes PSTs need support with
most and which SRL processes they can implement in the classroom without much support.
Third, another potential research investment would be to identify factors that promote or
hinder science teachers in integrating SRL processes into lessons that enact science practices
(e.g., developing models, analyzing data).

Overall, the PSTs did benefit from the learning opportunity. They appreciated the
role of SRL and considered the implementation of SRL processes. They also tried to inte-
grate SRL processes into their science lessons. However, the PSTs needed more support to
implement SRL in science classrooms systematically. Our findings are similar to Eilam’s
study [39] that focused on self-regulation of teaching. The author found that 36 h of SRL
professional learning helped science teachers improve their metacognitive considerations
and reflections on their planning and teaching but not many changes happened in enact-
ment. We suggest three ways to increase PSTs” implementation of SRL processes. First,
the learning opportunity should include more modeling on how teachers implement SRL
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processes in specific contexts to help PSTs visualize the principles of the application. Second,
differentiation among SRL processes (e.g., more support with the enactment of monitoring)
will help optimize the effectiveness of SRL professional learning. Third, since PSTs face
obstacles in incorporating SRL in classrooms, coaching and feedback after the learning
opportunity will benefit them.

Limitation

Observations of PSTs’ classroom practice would have provided additional insights into
their implementation of SRL processes. This, however, was not possible as the study was
conducted during the COVID-19 pandemic when we were unable to conduct classroom
observations of the PSTs. Moving forward, we think that such observational data would
provide valuable information to better understand the implementation of SRL and would
also serve as a way to understand how one’s perspectives are moderated by the realities of
the classroom.
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