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Abstract

This action research project focused on determining the effects peer-to-peer collaboration
has on 8th-grade students in a middle school science classroom. The intervention took place
over six weeks in two classrooms, whose learning models changed between hybrid and distance
learning due to the COVID-19 pandemic of 2020-2021. For this study, researchers collected data
through a pre and post-intervention science self-efficacy questionnaire and digital journal, and
twice-weekly exit tickets. The results showed that the peer-to-peer model of collaboration
implemented in this study increases student self-efficacy significantly, with girls having the most
significant increase in self-efficacy. Researchers concluded that this model is an effective tool for
supporting self-efficacy growth in the 8th-grade science classroom. Based on the results of this
study, the researchers recommend implementing regular peer collaboration, teaching
collaboration skills to support effective communication, and increasing the practice of
self-reflection for students and teachers. Further research is needed to address how adding
hands-on activities would affect self-efficacy and why female BIPOC students did not show the
same levels of growth as their peers.

Keywords: self-efficacy, vicarious experiences, peer to peer collaboration,

communication, metacognition, science, middle school
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Adolescent students experience many changes as they go through the middle school
years. In addition to the physical and emotional changes children go through as they reach
puberty, the educational transitions students experience during adolescence can also affect
students' beliefs about their abilities (Lofgran, Smith, & Whiting, 2015). The changes in
students’ beliefs about their abilities often include negative attitudes and a decrease in their
self-efficacy beliefs. Self-efficacy beliefs are strongly correlated to academic achievement, and

gains in self-efficacy also increase academic achievement (Pajares, 1996; Kapucu, S., 2017).

By definition, Self-efficacy is an individual's beliefs surrounding their ability to complete
tasks successfully (Bandura, 1977 as cited in Brown, 2016, p 27). Self-efficacy is developed
through many sources, but two of the most crucial sources are mastery experiences, which is
when an individual takes on a challenge and succeeds, and vicarious learning, which is learning
that is developed by observing the behaviors of others and the outcomes of those behaviors
(Brown, 2016, p 27). Therefore, by providing opportunities for mastery experiences and

vicarious learning, a teacher can support growth in self-efficacy and academic achievement.

Increased opportunities to develop self-efficacy are beneficial to all learners. However,
changes in attitude and self-efficacy as students transition between school settings are
exceptionally prominent for girls (Falco, 2019). In the science classroom, self-efficacy also tends
to be lowest for female and Hispanic students (Lofgran et al., 2015). For both female and
Hispanic students, lower self-efficacy in the science classroom is related to apprehension and
anxiety (Pajares & Johnson, 1996 as cited in Lofgran et al., 2015). It is also important to note
that "by the time students reach middle school (grades six through eight), the majority have

already determined significant preferences toward certain academic domains" (Wigfield &
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Eccles, 2002 as cited in Falco, 2019, p. 28). These preferences are a concern because, over the
past 30 years, there has been a decline in the number of students entering into science and

technology-based careers (Brown et al., 2016). Even for women who hold degrees in Science,
Technology, Engineering, and Mathematics (STEM) fields, employment is less likely than for
men with similar degrees due to a lack of confidence and career self-efticacy in STEM (Falco,

2019).

The middle school science teacher faces the challenge of increasing students'
self-efficacy to improve their academic achievement and prepare them for future academic
studies and careers. Research shows that for sixth through ninth-grade science students, girls
have significantly lower self-efficacy beliefs than boys, and Hispanic students have substantially
lower self-efficacy beliefs than white students (Lofgran et al., 2015). Furthermore, self-efficacy
tends to decrease, on average, for all learners as they progress through the middle school grades
(Lofgran et al., 2015). In the settings in which the authors teach, historically, Science MCA’s
have had lower proficiency levels than those of Mathematics and Reading in the eighth grade.
For example, in one research setting, from 2016-2019, students have averaged a proficiency level
of 49.3% for science while mathematics averaged 73.4% and reading averaged 63.6%. Similar
patterns appear when analyzing student engagement within the building. According to the
Minnesota Report Card for this research setting (2019), 98% of students responded that they
tried to learn more about content when they are interested in it. Yet, only 81% of students found
school useful to their learning, and 65% of students saw being students as important (Minnesota

Board of Education, 2019). This data shows a sizable gap between students who find the content
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they learn in school interesting and relevant and students who feel disconnected from the entire

learning process.

Problem Statement

Students who have firm beliefs in science self-efficacy are more engaged in the material
and demonstrate increased achievement (Pajares, 1996; Kapucu, S., 2017; Hattie & Timperley,
2007; Schunk, 1995 as cited in Schrunk, 2012). Therefore if teachers can support students'
science self-efficacy growth, students will become more confident in their understanding and
abilities to work through the problems and issues in sciences both in the classroom and within
our community. Along with an increase in self-efficacy, this will increase achievement in the
science classroom because students will persevere through more abstract and complex concepts
within the content area. Several strategies are available to increase self-efficacy, including
self-paced learning, student self-perception, self-regulation, collaboration and peer modeling,

and metacognition.

Based on this information and the unprecedented educational situation caused by the
2020-2021 COVID-19 pandemic, the intervention that we implemented was a peer-to-peer
collaboration model. During this action research, the authors paired students to collaborate on the
scientific concepts they were trying to master and reflect on their progression towards mastery.
Groupings were fluid as students transitioned between learning from at-home and in-school
settings while the 2020-2021 COVID-19 pandemic progressed. This action research project
aimed to explore the following question: What impacts, if any, does a peer-to-peer model of

instruction have on science self-efficacy in adolescents doing a hybrid learning experience?
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Theoretical Framework

Bandura's Social Cognitive Theory focuses on how people can learn from their social
environments (Schunk, 2012). Within this theory, Bandura (1977) identified that, in order to
accomplish learning tasks, a person's self-efficacy must be at an adequate level, or they will be
unable to achieve what is asked of them (as cited in Hsieh et al., 2008). "Self-efficacy is
concerned not with the skills one has but the judgments of what one can do with whatever skills
one possesses" (Lui et al., 2006, p. 228). Furthermore, increased self-efficacy is shown to

increase academic performance at all ability levels (Schunk, 2012).

Within the context of self-efficacy, Bandura (1977) further describes four sources in
which self-efficacy can be formed (as cited in Brown et al., 2016). These include mastery
experiences, vicarious experiences, verbal or social persuasions, and physical and emotional
states. Mastery experiences are those personal experiences in which a person takes on a new
challenge and succeeds. Vicarious experiences involve students learning from other's experiences
and successes. For example, when a student with low self-efficacy observes peer success, their
own beliefs about their abilities can increase (Alt, 2015, p. 62; Schunk, 2012). Verbal or social
persuasions are "when people are led, through suggestion, into believing they can cope
successfully with what has overwhelmed them in the past" (Alt, 2015; Bandura, 1977, pg. 198).
Lastly, physical/emotional states relate to the effects a person may experience.
Physical/emotional states could include increased heart rates or anxiety based on their current

self-efficacy levels.
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Out of these four states, research has demonstrated that mastery and vicarious
experiences are the most successful at increasing student achievement through improving their
self-efficacy (Bolshakova et al., 2011; Brown et al., 2016; Lodewyk & Winnie, 2005). Schunk
(2012) and Alt (2015) find that collaboration and peer role models provide mastery and vicarious
experiences for students. These researchers concluded that these models support increased
student self-efficacy (Alt, 2015; Schunk, 2012). Vicarious experiences can also be provided to
students when teachers model high self-efficacy through completing challenging tasks
(Bolshakova et al., 2011). Increased exposure to a learning task can positively impact
self-efficacy in students through mastery experiences (Lodewyk & Winnie, 2005). By working
with peers in collaborative groups or through peer modeling and reflecting on that work with a
repeated learning task, students can increase their self-efficacy (Alt, 2015; Lodewyk & Winnie,
2005; Schunk, 2012). The students’ increase in self-efficacy can be further supported when their

teachers are also practicing and modeling high self-efficacy (Bolshakova et al., 2011).

Review of Literature

The literature review below identifies several methods known to increase girls'
self-efficacy and academic success in the middle school science classroom: self-paced learning,

student self-perception, self-regulation, collaboration and peer models, and metacognition.

Self-Efficacy and Achievement Gains

When applying self-efficacy in the classroom setting, a student or a teacher's self-efficacy
influences academic achievement (Bandura, 1993; Pajares, 1996, 1997; Schunk, 1990, 1991 as

cited in Schunk, 1992). Students' self-efficacy can affect the quantity and quality of effort
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(Bandura & Cervone, 1983, 1986; Schunk, 1995 as cited in Schunk 2012). For example, students
with low self-efficacy may exhibit avoidance behaviors, have lower academic achievement, and
are more likely to forget previously learned skills (Leaper, Farkas, & Brown, 2012; Lodewyk &
Winnie, 2005; Schunk, 2012). On the other hand, students with firm self-efficacy beliefs tend to
be eager to participate, put in more effort, persist through struggles, and have higher achievement

than similar-ability peers (Lodewyk & Winnie, 2005; Schunk, 2012).

Furthermore, students' perceptions of progress can also link to their self-efficacy beliefs
(Schunk, 2012). Higher self-efficacy beliefs increase the students' perception of their personal
growth in understanding and completing the task at hand and can keep students motivated to
learn by evaluating their progress (Hattie & Timperley, 2007; Schunk, 1995 as cited in Schunk,
2012). Self-efficacy tends to correlate with achievement; self-efficacious learners achieve better
at all ability levels (Schunk, 2012). Improved self-efficacy could even affect achievement in
post-secondary studies. Achievement can be affected because the factors that influence
self-efficacy, such as self-concept, social support, and the value students put on their coursework,
have more bearing on the gender and racial gaps in STEM fields than ability (Marra et al., 2009,

p.28).

Self-Efficacy Strategies that Support Achievement Gains

Project-Based Learning

Project-Based Learning (PBL), which means "student-centered learning where students
take responsibility for their learning processes and build knowledge through their learning

experiences," has been studied in the middle school science classroom (Liu, Hsieh, Cho, &
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Schallert, 2006, p. 226). Within PBL, students receive a problem and apply different high-order
skills and strategies to find a solution. This strategy can lead to significant gains in self-efficacy,
interest in STEM fields, and achievement because students control their learning (Brown et al.,
2016; Liu et al., 2006). Liu et al. found that students who held high self-efficacy beliefs scored
significantly better on the achievement test than those with low self-efficacy beliefs at multiple

ability levels when involved in PBL activities (2006).

Self-paced learning--in which students control their learning and self-regulate their
progress—has also been found to improve student self-efficacy (Brown et al., 2006; Chiu-Lin,
Hwang, & Tu, 2018; Liu et al., 2006). Student control includes self-paced technology-aided
learning, allowing students to self-regulate their education and work independently to master the
content (Chiu-Lin, Hwang, & Tu, 2018). Additional benefits of self-paced technology-aided
learning included improvements in: students' use of technology for "formal queries; information
searching; time management; help-seeking; and self-evaluation" (Chiu-Lin, Hwang, & Tu, 2018,
p. 885). Self-paced technology-aided learning also tends to make the students more reflective

(Chiu-Lin, Hwang, & Tu, 2018).

Student Self-Perception

Students can shift Self-perception allowing through vicarious experiences and peer
influences to improve students’ self-efficacy. The perceptions and self-efficacy of people around
students can help grow or diminish their personal beliefs of self-efficacy (Barton et al., 2013;
Leaper et al., 2012; Bolshakiva et al., 2011; Morell & Parker, 2013). Many researchers have

studied the effect of student self-perception on self-efficacy in STEM for female students and
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have found that positive peer influences increase self-efficacy for these students, whereas
negative social cues about science decrease female self-efficacy (Barton et al., 2013; Leaper et
al., 2012; Marra et al., 2009). By increasing opportunities for vicarious experiences in science
and increasing education around feminism and gender equality, student self-perception and
self-efficacy for girls in STEM increases (Barton et al., 2013; Leaper et al., 2012). Therefore,
females' persistence in the sciences relies on girls maintaining a positive self-perception in
science by seeing themselves and those like them in the scientific field. Students can obtain this
persistence through placement in small groups where interest grows through the support of their
peers (Leaper et al., 2012). Likewise, families and schools can also increase this self-perception
by supporting female students in their scientific thinking and activities (Barton et al., 2013).
Lastly, using role models representing females and different cultures can impact previous

conceptions of women’s contributions to scientific fields (“Diverse Role Models,” n.d.).

Micromessages, including phrases, body language, and tone of voice, are delivered along
with content and can also influence self-efficacy through self-perception (Rowe, 1990, as cited in
Morell & Parker, 2013). When negative, these micromessages decrease self-efficacy. For
example, "when a faculty member supervising laboratory experiments assigns the role of
note-taker to female students, he or she may subtly imply that women are more capable as
scribes than as scientists" (Morell & Parker, 2013, para. 6). However, when micromessages focus
on being inclusive and listening, self-efficacy increases by creating a positive classroom

environment for all.

Teacher self-efficacy can increase their students' self-efficacy by affecting students'

self-perception (Bolshakiva et al., 2011). The more self-efficacy a teacher had in their knowledge
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of content and ability to teach, the more innovative their teaching strategies became. This
strategy, in turn, increased student self-efficacy (Bolshakiva et al., 2011). These strategies
resulted in greater student self-efficacy because the teacher modeled the ability to do challenging

tasks (Bolshakiva et al., 2011).

Self-Regulation

Self-regulation allows self-efficacy to increase through tasks by enabling students to
check their self-efficacy beliefs as they progress through the learning process (Falco, 2019;
Lodewyk & Winne, 2005; Ramdass & Zimmerman, 2008). The research identifies several
self-regulation strategies to increase self-efficacy. When students work toward completing
well-structured tasks, they become more self-efficacious (Lodewyk & Winne, 2005). Students'
ability to accurately judge their ability to complete tasks also improves as they reach the
completion of a learning activity. The longer the student engages with the learning activity, the
better they can self-regulate their learning and performance (Lodewyk & Winne, 2005).
Strategies such as creating a time budget increase the time management aspect of self-regulation
and lead to increased self-efficacy (Falco, 2019). In goal-setting, students break down broader
objectives into smaller tasks and then apply them to be Specific, Measurable, Achievable,
Relevant, and Time-bound (SMART), which significantly increase self-efficacy, especially in

females (Falco, 2019).

Additionally, self-correction, a strategy where students check their answers for accuracy
and precision while working on a performance task, is an aspect of self-reflection that also

increases students' self-efficacy. In self-correction, students can differentiate between successful
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and unsuccessful strategies and find sources of error in their thinking (Ramdass & Zimmerman,
2008). In many of these strategies, students learn how to accurately judge their learning by using
concrete skills, which leads to increased confidence in their judgment and increased self-efficacy

(Falco, 2019; Ramdass & Zimmerman, 2008).

Collaboration and Peer Models

Collaboration and peer role models support students' self-efficacy by providing social
persuasion, mastery experiences, and vicarious experiences (Alt, 2015; Schunk, 2012). Vicarious
experiences from observing peers' success can positively affect the students' perceptions of their
ability for the task at hand, especially those with low self-efficacy beliefs (Alt, 2015, p. 62;
Schunk, 2012). Observing peer models increases self-efficacy beliefs more than teacher models
(Schunk, 2012). Furthermore, collaborative interactions with peers lead to reflection, forming
mastery experiences (Alt, 2015, pp. 62-63). Finally, when students share the strengths they see in
their peers, the self-efficacy of all students involved in the collaboration can increase due to
social persuasion (Alt, 2015; Schunk, 2012). Using this method allows students to see how peer

models’ effort, positivity, and confidence influence their self-efficacy.

Metacognition

Metacognition supports students' self-efficacy and achievement by increasing their
reflective thinking on their ability, influencing how they interpret their ability (Alt, 2015;
Colognesi et al., 2019). Research shows that increasing metacognitive practices, in which
students engage in self-reflective thinking based on their teacher or peers' questioning,

significantly increases self-efficacy (Alt, 2015; Colognesi et al., 2019). In a 2019 study,
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Colognesi et al. showed that, in their sample of 85 adolescent students, those who received
metacognitive interventions show a statistically significant increase in self-efficacy beliefs
compared with a control group based on a quantitative measure of students' self-efficacy beliefs.
Furthermore, reflective metacognition, where a student examines their thinking related to their
learning process, has more of an effect on self-efficacy than knowledge-based metacognition.
Knowledge-based metacognition is reflective thinking focused on skills and knowledge acquired
in an activity (Alt, 2015). Thus, teachers need to motivate students to think reflectively about the
content material and their learning processes. This reflective thinking benefits students whether

the metacognitive questioning comes from their teacher or peers (Colognesi et al., 2019).

Conclusion

This literature review introduces several methods to increase students’ self-efficacy.
These methods include project-based and self-paced learning, assignments and a learning
environment that support self-regulation and metacognitive reflection on one’s understanding,
collaboration among girls, positive peer modeling, and use of role models. Based on this
literature review's findings and the unprecedented educational situation caused by the 2020-201
COVID-19 pandemic, the intervention implemented is a peer-to-peer collaboration model. In this
intervention, we pair students in a blended learning model to collaborate on the scientific
concepts they are trying to master and reflect on their progression towards mastery. The
researcher aims to find that this model significantly promotes positive social interaction and
increased perceived beliefs in their abilities by offering positive vicarious experiences with

science within a blended classroom environment.
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Methodology

This study was performed as a participatory action research project. The main focus of
the intervention was to analyze how student collaboration supported the growth of science
self-efficacy when students were grouped together to work on concepts addressed within the
normal classroom setting. These pairings of students included those working in the school
classroom and those working remotely through Google Meets from home. In order to analyze
the impacts of this peer collaboration, the researchers collected and analyzed both qualitative and
quantitative data designed to measure science self-efficacy in the 8th-grade science classroom.
The primary quantitative tool in this study was a pre-questionnaire and post-questionnaire using
a Likert Scale to measure students’ beliefs about their ability in science across five categories. In
addition, students responded to an exit ticket in Google Forms twice a week for the duration of
the intervention. Researchers used the exit ticket quantitatively to rate the students’
understanding of the concepts. The exit ticket was also used as a qualitative measure because
students were given an open-ended question to use as a reflective tool. The reflective question
allowed researchers to find common themes students experienced during the peer-to-peer models
and how the themes affected their confidence and understanding of the topic. An additional
qualitative tool used in this study was an interview conducted through Flipgrid before and after
the intervention. All students were asked to respond to a video journal and responses from a
focus group were transcribed to give the researchers an understanding of how self-efficacy
changed for students over the course of the intervention. Finally, the researchers each used a
SciGirls Equitable and Culturally Responsive Teaching Rubric to determine their individual

growth in self-efficacy in teaching practices during the course of the intervention.
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The population for this action research study was 8th-grade science students from urban
and suburban areas of Minnesota. The sample included 8 Earth Science classes that were at
different times participating in a distance, hybrid, or in-school learning model during the
2020-2021 COVID-19 pandemic. Out of the eight classes of 8th-grade science students involved
in the study, 111 students responded to both the pre-questionnaire and post-questionnaire. In the
111 responses, 53 were boys, and 58 were girls. Also, the respondents were 71 white students
and 40 BIPOC students. Researchers chose a required course for the students in which they

conducted their research. The sample represents the population at the research schools.

Table 1
Sample Demographics
Total Number of Gender Ethnicity
Students
Male Female White BIPOC
111 53 58 71 40

Researchers collected student and teacher self-reported data through the use of several
instruments. At the beginning and end of the 6-week intervention, students completed a Science
Self-Efficacy Questionnaire through Google Forms (see Appendix A) and Video Journal through
Flipgrid (see Appendix B). Researchers adapted the questionnaire from Lin and Tsai’s (2013)
Multidimensional Students’ Science Learning Self-Efficacy Survey. In the questionnaire,
students were asked to self-evaluate their self-efficacy using a Likert scale from 1 (strongly
disagree) to 6 (strongly agree) on the following categories: conceptual understanding, high-order
cognitive skill, practical work, everyday application, and science communication. The questions

used in the video journal were developed from Alvaro and Couso’s (2018) STEAM4U
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Measuring Toolkit. The content of these questions included students' beliefs about science in
general, how they overcome difficulties in science, and their perceived viewpoints on gender
differences in science. Students also completed exit tickets (see Appendix C) twice a week
during the 6-week intervention, following peer collaboration-based lessons that had them
identify the main idea of the lesson and the aspects of the peer collaboration that best aided their
understanding. Lastly, both teacher-researchers completed a weekly rubric (see Appendix D) that
analyzed their teaching strategies and self-efficacy. Anderson, Billington, Davis, and Santiago
developed this rubric as part of a grant for National Science Foundation (NSF) Grant #1513060

and Twin Cities Public Television SciGirls (2019).

Before the intervention started, researchers sent a letter (see Appendix E) to parents and
guardians informing them of this action research. At the same time, the researchers explained
the action research to students, so they understood the intervention parameters using
student-friendly language. To verify that the students understood, teachers also reviewed the
main concepts of the intervention by completing a Kahoot, a digital multiple-choice game.
Students were given the Science Self-Efficacy Questionnaire at the onset of the intervention
through a link to a Google Form. The teachers read through each question to make sure students
understood what the statement said. Students responded individually on their digital devices,
ranking their self-efficacy regarding the question and analyzed. Researchers compared the results
of this questionnaire with the results of the same questionnaire given at the end of the
intervention. From the data collected from the questionnaire, researchers completed a t-test
difference of means analysis and analyzed positive or negative growth in the five categories of

the questionnaire.
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In conjunction with the pre and post-questionnaire, students recorded video journal
responses about their beliefs about science through Flipgrid and how they change through the
course of the intervention. Students were limited to a maximum of five minutes to share their
responses in a video to the journal questions posed. After students recorded their videos, the
researchers transcribed what focus group students said and removed any personally identifying
information. The researchers chose the focus group students to understand better how
self-efficacy changed for students throughout the intervention. The selected students in the focus
group were female, or black, indigenous, or people of color (BIPOC) and in the bottom 20% of
the pre-assessment when possible so the researchers could gather meaningful data from students
at the highest risk of low self-efficacy in science. Researchers used the information to determine
critical themes, which were coded into several categories to determine frequency changes

between the pre and post responses.

Throughout the six-week intervention, the researchers paired students with a peer with
whom they worked on the scientific concepts addressed during the class period. Due to the
changing environment of the 2020-2021 COVID pandemic, students varied in the location of
their learning between being physically in the classroom and being digitally connected with the
class and their peers through Google Meet. With their partner, students completed collaborative
lessons at least twice a week. In these lessons, students worked with their assigned partners to
learn and practice the skills behind the daily lesson for the majority of the class period. Towards
the end of the lesson, students completed an exit ticket through Google Forms that asked them to
do two things. Students shared the main idea of the lesson, which checked for student

understanding of the daily learning targets set by each teacher. Also, students wrote about how
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working with their partners helped them comprehend the main ideas and their confidence in their
work. The teachers tracked these exit tickets to determine if there was a growth in frequency of
learning target mastery, noted collaboration skills, and self-reflection indicative of increased
self-efficacy. Reported common themes shared as benefits of peer collaboration were

documented by the researchers as well.

At the end of each week of the intervention, both teachers also assessed their science and
teaching strategy self-efficacy by using the SciGirls Gender Equitable and Culturally Responsive
Practices Rubric. Through weekly tracking, the researchers analyzed their growth in their
teaching strategies and determined which areas of development they could continue to enhance
through the intervention. The reasoning behind completing this was that by reflecting on their
self-efficacy, the researchers would become more confident in their abilities, which would help

students increase their science self-efficacy.

Overall, the researchers triangulated these instruments to assess what impacts peer
collaboration has on 8th-graders’ science self-efficacy. The researchers determined common
themes and frequency to note changes in student belief through action research and used the

findings to draw conclusions and make recommendations for further research and analysis.
Analysis of Data

The purpose of this study was to determine the effects, if any, that peer-to-peer collaboration had
on student science self-efficacy, specifically in females and BIPOC. Students would complete
exit tickets during six weeks, demonstrating what they learned and describing how the peer
collaboration helped support their learning. Both qualitative and quantitative data were collected

using a pre and post science self-efficacy questionnaire, video journal responses to questions of
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the student’s science beliefs, bi-weekly exit tickets, and an equity and culturally responsive
teaching rubric completed by each teacher in the intervention.

Students completed the pre and post science self-efficacy questionnaires at the beginning
of the intervention period and upon completion of the intervention. Researchers collected data
through a Google Form completed by students during class time. Researchers asked students to
rate themselves on a scale of 1-6 from “strongly disagree” to “strongly agree” in response to 28
statements spanning five categories. These categories included conceptual understanding,
high-order cognitive skills, practical work, everyday application, and science communication. At
the end of the intervention, researchers removed personally identifiable information from the
data. Students were assigned a number. Researchers included student gender and ethnicity with
the data to analyze data according to categories of interest for the research questions.
Researchers graphed results for the pre and post-questionnaires in box plots for visual
comparisons and compared mean and median for the total score of the questionnaires and the
different topical categories of the questionnaire. Also, researchers performed several statistical
analyses on this data, including regular t-test, t-test paired difference and t-test difference of
means. For all statistical analyses, the researchers used a significance level of a=0.05 to test for
significance.

The video journal responses were completed by students both at the onset and end of the
six-week intervention. Researchers initially collected data through Flipgrid, in which students
videotaped themselves verbally responding to 6 questions about their beliefs in science. All
responses were 5 minutes or less in length. The researchers transcribed the student responses

into text and separated the text by questions answered. In addition, researchers removed any
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personally identifiable information. Each student was given a number for the researchers to
identify how they individually changed from their initial responses to their final answers.
Researchers identified several discrete categories for the open-end questions based on student
responses in the initial student responses from the beginning of the intervention from the
transcript. Afterward, researchers placed all student responses in their corresponding categories.
When responses covered more than one category, researchers duplicated the responses and put
them in all the applicable categories. Researchers determined percentages of students who
responded to each category from placement and formulated them into a table. The close-ended
questions 2, 3, and 6 were tallied and sorted into whether the student answered “yes” or “no” to
the question. Likewise, this data was computed based on the gender and ethnicity of the student
who responded as well. The researchers then formulated the results of this information into a bar
graph showing how responses changed from the initial journal response to the final journal
response. Like the open-ended questions, the researchers also coded why students responded
“yes” or “no” in several discrete categories for further analysis and shared common themes in a
narrative.

Twice a week during the intervention, students completed a digital exit ticket through
google forms. The data that researchers collected from this Google Form was imported by the
researchers into a spreadsheet. After collecting the data, researchers removed any personally
identifiable information and assigned each student a number. The researchers imported the data
that researchers collected from this Google Form to track changes across individual students.
From the open-ended question of asking students what the lesson’s central idea was, which

checks to see if students were achieving the learning targets, researchers labeled each response as
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either yes or no. The yes” applied to students who corrected showed understanding of the daily
lesson. The “no” applied to students who incorrectly or only partially showed knowledge of the
daily lesson. The total number of yes and no responses for each week was then counted and put
into a line graph to show changes in understanding from week to week. In addition to analyzing
the information from the students as a whole, the researchers also categorized this data by
gender, male or female, and ethnicity, white or BIPOC, and applied it to the same line graph.
Using the second open-ended question, which asked students what pair of their pair work was
most beneficial to them for the day, the researchers labeled each response as positive, neutral, or
negative. Positive responses include those that share valuable ideas about their daily work.
Neutral responses were either vague in explanation or did not relate clearly to the question
researchers asked. Negative responses include disinterested or unhelpful aspects of the work for
the day, such as “I don’t know” or “they didn’t talk.” These responses were counted weekly and
then combined into a stacked column chart to show how the amount of each response changed
throughout the intervention. Researchers also noted common themes shared by students in their
responses in narrative form.

Throughout the intervention, both researchers self-assessed using the Sci Girl Rubric
developed by Anderson, Billington, Davis, and Santiago in 2018. The researchers assessed their
performance as educators at the end of each week across four major categories. The categories
were gender/culturally equitable teaching strategies, professional responsibilities, classroom
environment and social interactions, and classroom instruction preparation. Researchers scored
the rubric using novice, proficient, and exemplary as categories. The researchers assigned these

categories the values of 1, 2, and 3, respectively, to analyze the data quantitatively. Using the
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quantitative data generated from the rubric, researchers analyzed their growth through the
six-week intervention in each category by calculating the average score from each category and
plotting the average scores in a line chart. Likewise, researchers plotted each researcher’s total

score on the self-reported rubric in a line chart for the six-week intervention.
Findings

The purpose of this research study was to see what effect, if any, peer collaboration had
on science self-efficacy in 8th-grade students, with a particular focus on female and BIPOC
students. Researchers collected quantitative and qualitative data through pre and
post-intervention questionnaires, student video journaling on Flipgrid, reflective exit ticket
Google Forms, and a self-assessed culturally responsive teaching rubric.

Overall Science Self-Efficacy

At the onset and completion of the intervention, students completed a questionnaire that
asked them to rate their beliefs about their ability in science by responding to several prompts.
Students responded using a scale of “Strongly Disagree - 1™ to “Strongly Agree - 6.” Researchers
compared student responses before and after the intervention in five categories (see Appendix
A). Table 2 below shows the mean score overall and for each category before and after the
intervention. Likewise, the researchers formulated the information into boxplots for each of the
five categories to determine the medians for the questionnaire and determine if there were any
outliers.

As seen in Table 2, the mean score for students in each category increased overall during
the intervention. The overall score grew an average of 5.6 points or 4.9%. Each category also

saw an increase in mean scores. Practical work and higher-order cognitive skills started with the
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highest means and grew the least, 2.0% and 2.9%, respectively. The everyday application had
4.9% growth. Conceptual understanding and science communication had the most growth; each
category grew by 7.3% during the intervention.

Table 2

Student change in mean score overall as well as the five categories on the questionnaire before

and after intervention

Category Mean Before Mean After Change in Mean  Percent Change
Intervention Intervention in Mean
Overall Score 114.2 119.8 +5.6 +4.9%
Conceptual 4.1 4.4 +0.3 +7.3%
Understanding
High-Order 4.3 4.4 +0.1 +2.3%
Cognitive Skill
Practical Work 4.9 5.0 +0.1 +2.0%
Everyday 4.1 4.3 +0.2 +4.9%
Application
Science 4.1 4.4 +0.3 +7.3%
Communication

Researchers performed further analysis on the questionnaire data, including creating box
plots for before and after scores in each category and overall. Figures 1-6 are a collection of
before and after boxplots of student reported scores on the questionnaire overall and each
category.

The boxplots in Figures 1-6 show an increase in the median score for the overall score
and all categories except practical work. In practical work, the median stayed the same from the

beginning of the intervention to the end. However, the first quartile number and third quartile
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number have increased in the practical work category for the intervention. The first quartile went
from 4.25 to 4.5, and the third quartile went from 5.5 to 5.75. In fact, for all categories and
overall, the first quartile increased. In higher-order thinking skills, the third quartile remained the
same before and after the intervention, but overall, it grew in all other categories. When
comparing the pre-intervention boxplot to the post-intervention boxplot, there were changes to
the interquartile range (IQR) for most categories. Overall the IQR increased from 28 in the
pre-intervention questionnaire to 29.5 in the post-intervention questionnaire, indicating more of a
spread in scores for the post-intervention questionnaire. For conceptual understanding and
practical work, the IQR stayed the same, showing that for these categories, the range of scores
stayed similar before and after the intervention. Higher-order cognitive skills, everyday
understanding, and science communication all decreased IQR throughout the intervention
indicating that student scores in those sections became more similar throughout the intervention.
Furthermore, the median’s skewness inside the boxplot box changes for many
questionnaire categories throughout the intervention. In the pre-intervention questionnaire, the
overall score is skewed to the right, indicating a more considerable amount of variation in the
scores of those students above the median. The boxplot shows even distribution after the
intervention. This distribution suggests that students varied in their scores similarly above and
below the median after the intervention. For conceptual understanding, the box plot shows a
skew to the left before and after the intervention implying a broader range in scores below the
median score than above it. The box plot shows a skew to the left before the intervention for the
categories of higher-order cognitive skill, practical work, and everyday application. After the

intervention, the box plot indicates a skew to the right. The skew shows a more extensive range
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of scores under the median before the intervention and a greater range of scores above the
median. Finally, for science communication, the initial questionnaire has a boxplot that shows
evenly distributed data. Still, the questionnaire at the end of the six-week intervention is skewed
to the left, indicating a more significant range of scores below the median than above it after the
intervention.

There were some outliers in the scores of the questionnaire overall and each category. For
the total score, there is one outlier before and after the intervention. For the categories of
conceptual understanding, higher-order cognitive skill, and everyday application, the number of
outliers went down during the duration of the intervention. However, for practical work and
science communication, the number of outliers increased at the end of the intervention. In all

instances, outliers for the questionnaire were scores that were significantly lower than expected.

Pre-Intervention Questionnaine Cverall Sudent Seore Post-Intervention Questionnaire Overall Stedent Score
Boxplot Hoxplo

Figure 1. Boxplots of students reported scores on self-efficacy in science before and after the
intervention as determined by a questionnaire.
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PFre-Intervention Cruestionmaire Conceptual Understanding Poat-Intervention Questionnaire Concepiual Understanding
Category Student Score Boxplot Category Student Score Boxplot

Figure 2. Boxplots of students reported scores on conceptual understanding in science before
and after the intervention as determined by a questionnaire.

Pre-Intervention Questionnaire Higher Order Cognitive Skill Post-Imtervention Questionnaire Higher Order Cognitive
Category Student Seore Boxplot Skill Category Student Seore Boxplot

Figure 3. Boxplots of students reported scores on higher-order cognitive skills in science before
and after the intervention as determined by a questionnaire.

Pre-Intervention Questionnaire Practical Work Category Post-Intervention Cuestionnaire Practical Work Category
Student Score Boxplot Stwdent Score Boxplog

Figure 4. Boxplots of students reported scores on practical work in science before and after the
intervention as determined by a questionnaire.
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Pre-Intervention Cuestionnaire Everyday Application Post-Intervention Questionnaite Everyday Application
Category Student Score Boxplot Category Student Score Boxplot

Figure 5. Boxplots of students reported scores on the everyday application in science before and
after the intervention as determined by a questionnaire.

Pre-Intervention Questionnaire Science Commumication Post-Intervention Cuestionmaine Science Communication
Category Studemt Score Boxplot Category Student Score Boxplod

Figure 6. Boxplots of students reported scores on science communication before and after the
intervention as determined by a questionnaire.

Researchers also analyzed the questionnaire data using a paired difference t-test to
compare the pre and post-intervention scores. This test allowed the researchers to compare the
scores from before and after the intervention to show a statistically significant increase in the
students’ self-efficacy. Table 3 shows results from that analysis.

As seen in Table 3, the p-value for this analysis was 0.000032. This p-value is below the
significance level of a = 0.05. Therefore, the researchers rejected the null hypothesis that the

post-intervention scores would not differ from the pre-intervention scores. This data supports the












PEER TO PEER COLLABORATION

variety of events in
daily life involved
science-related
concepts.

Science Communication
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Appendix B

o Flipgrid Erin Kaus v

WW October 25, 2020

Video Journal Responses

Answer the following guestions thoughtfully and completely in a Flipgrid video. These questions will help

us understand how your feelings about science change over the intervention.

1. What does doing or knowing science mean to you?

2. When doing science, do you feel like a scientist? Why or why not?
3. Do you feel capable of doing science? Why?

4. When you face a challenge or difficulty in science, how do you act?
5. What helps you do science?

6. Do you think there are differences between boys and girls when doing science?

Sciex




PEER TO PEER COLLABORATION

Appendix C

Exit Ticket: Student Self Report

* Required

1. Email address *

2. What is today's date? *
Example: January 7, 2019

3.  What hour do you have science? *

Mark only ane oval.

2
D
4

& =1 & th
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4. In1-2 sentences, explain what the main idea(s) of today's lesson was. In other words,
what did you learn? *

5.  What part of today's pair work and video meeting did you feel best contributed to
your confidence and understanding in scientific processes? *

Thig content is neither created nor endorsed by Google.
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Appendix D

Gender Equitable Teaching Strategies Performance Based Rubric

In this rubric, all attributes of novice level are evident within the proficient column, all attributes of the proficient column are evident in the exemplary
level. Specific manfestations of strategies listed within the rubric are nat inclusive of every manner in which that level of performance could be
documented, but rather meant as examples.

Strategy Exemplary Proficient Novice
Role Model | Offers numerous opportunities for | Review of cumculum materials Recognizes the value of including
diverse role models to be present | demonstrates a balanced portrayal of role models in curriculum
in the curriculum. women and men in slideshows, lesson materials.
plan notes, student materials.
Develops relationships with Intentionally chooses a diverse
community agencies related to Invites a female STEM role madel to array of women to include in
the discipline so students can visit | participate in her class at least once visuals; to highlight in curriculum
on site and have meaningful during the year using the trained role stories.
relationships with role models in models.
various roles. Knows that young women who
Shares role model videos on a regular haven't seen an example of
Celebrates women of varied basis to ensure students have seen women succeeding ina STEM or
backgrounds and time periods someone who looks/sounds like them CTE field will be much less likely to
visibly within the classroom, succeeding in diverse fields of their be able to see herself in that field.
community, and with special discipline.
events e.g. Women in STEM/CTE
days.
Student Using a structured practice that is | Uses self-study and peer-review to Aware of the efficacy of using
Focused facilitated through smart analyze the percentage of time spent diverse forms of lesson activities
Instruction | technolegy integration, students using lecture, direct instruction, and interactions to facilitate student
consistently spend the bulk of individual assignments relative to those | leaming.
their learmning time working in peer | that afford small group interactions
groups or with outside mentors to | among peer groups. Actively chooses to facilitate
develop their competencies in student interaction within the
Culturally Responsive Practi Rubric Developed by Alicia Santiago with input from Siri Andersan, Barb Billngtan, Brenda Britsch, Hilarie Davis, Rits Karl as part of NSF MEF Gront $1513060 2

onllaborative endeavor of the National Science Foundation, Twin Cities Public Television, 5t Catherine University and the University of MN STEM Center.

course standards and skills. Uses accountable talk, SIOP, or (other classroom on a consistent basis
strategies Barb teaches here) to each week.

Student voice is incorporated into | facilitate students’ success in peer

the design of the course, as well groups. Comfortable managing students

as into a formative feedback working in small groups for some

mechanism so that the instructor | For young women and students of color | of the learning time.

can be actively responsive to or otherwise marginalized, the teacher

ideas that students generate that | has a process in place that specifically
facilitate improve lesson direction, | aligns dialogue, assignments, or lesson
activities, and outcomes. content with goals that are relevant for
these populations.

Thoughtful, | Blind student feedback on Instructor uses blind review of formative | Instructor can articulate the
Respeetful | coursefinstructor qualities shows | and summative assessments to difference between a growth and
Communie | that all students--regardiess of self-assess on the ways in which he fixed mindset within her discipline,

ation and background or gender--find the provides feedback to learners to further | and provide examples of where
Promoting | instructor to be encouraging and | their understanding--and then analyzes | previously she has/hasn't

a Growth supportive of their developing the findings for disparities in tone or facilitated a growth mindset.
Mindset competencies in the discipline. content that align with the students
gender, race, sexuality. language Instructor begins using a strategy
In recorded small group background, efc. to make feedback to leamers less
dialogues, it is easy to hear that gender-biased (such as asking
the students know how to: talk to | Having identified an area that was furthering questions equally often
one another in academically previously subject to a fixed mindset in to male and female students,
meaningful ways; ask and answer | her practice, the instructor redesigned provides similar amount of
furthering questions of one the assignment to afford all learners wait-time to studenis regardless of
another; treat one another with ample opportunities to receive formative | background etc.)
respect and demonstrate feedback from the instructor on leaming
epistemological cuniosity; use and improve outcomes with further

dialogue to facilitate their shared | effort.
growth in the discipline.
Instructor tone is respectful and
Instructor has a positive attitude demeanor is encouraging of high
towards the potential of all standards for all students.
students to succeed with the right
learning environment and

Cultwrally Responsive Practices Self-Assessment Rubric Developed by Alicia Santiago with input from Sirl Andersan, Barh Billington, Brenda Britsch, Hilarie Davis, Rita Karl as part of 8SF HSF Grant #1513060 2
«collaborative endeavor of the Mational Science Foundation, Twin Cities Public Television, St Catherine University and the University of MN STEM Center.
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curriculum. When a student isn’t

succeeding, the instructor

reconsiders how s/he can

differently approach the content or

pedagogy to afford success.
Promoting | Classroom feedback from Review of curriculum materials Recognizes the value of promoting
Student students shows students find the | demonsftrates frequent opportunities for | students’ creativity in STEMICTE.
Creativity class playful and encouraging of student choice in presenting

their creativity. data/understanding of STEM/CTE Allows for flexible student choice in

concepts. presenting STEM/CTE content

Instead of there being during the semester.

assignments with lots of "one right | Artifacts created by students are shared

answer,” the instructor can point revealing a rich array of creative Knows that creativity is a

to many assignments where the demonstrations of student knowledge comerstone to success in

goals align with creative problem | and understanding. STEM/CTE careers.

solving, affordances for mixed

methods of coming to solutions, Periodically (e.g. twice a month)

and encouragement for authentic | students have an oppartunity to

leaming. complete open-ended assignments that

afford them an opportunity to apply an

In discussions, rather than being | array of problem-solving methods and

comected, students are transfer of learning to new situations.

encouraged individually and in

small groups to work through their

initial ideas on a topic, use

resources to find answers

independently, and bring ideas

that are genuinely their own and

new (but informed) into the

conversation.
Critical Creates a challenging learning Review of curriculum materials Recognizes the value of engaging
Thinking environment that exemplifies demonstrates daily opportunities for students in critical thinking

critical thinking capacities of (and modeling of) students” engagement | strategies, with regard to student

students discussing STEM/CTE in critical thinking about STEM/CTE achievement and learming.

Culturally Responsive Practices Self-Assessment Rubric Developed by Alicia Santiago with input from Sirl Anderson, Barb Billington, Brenda Britsch, Hilarie Davis, Rita Karl as part of NSF NSF Grant 81513060 3

enllzborative endeavar of the Mational Science Foundatios, Twin Cities Public Television, St Catherine University and the University of MN STEM Center.

concepts; using both examples
from hands-on minds-on activities
and the STEM/CTE concepts,
practices and phenomenon.

Collects student feedback on their
conceptions of using critical
thinking strategies, and
incorporates this student
feedback into improved
implementation of strategies at
least once for each unit taught.

content; such as C-E-R and P-O-E.

Invites students to share their
STEM/CTE conceptions in small and
large group settings.

Collects student feedback on their
conceptions of using critical thinking
strategies, and incorporates this student
feedback into improved implementation
of strategies.

Awareness that activities and
practices that promote critical
thinking, such as C-E-R
(Claims-Evidence-Reasoning) or
P-0-E (Predict-Observe-Explain)
increase students’ critical thinking
capacities.

Cultural
Awareness
and
Relevant
Learning
Experience
s

Students’ experiences are
consistently connected to their
culture via activiies and
community-based experiences.

Students autobiographical
information is actively
incorporated into the course in
public and interpersonal details.
With active connections between
STEM/CTE content and personal
interest'experiences.

Implements numerous strategies
that engage their diverse
leamers/advisees to see the
relevance in their STEM/CTE
content.

Teaching strategies as well as leamning
activities are informed by knowledge of
students’ interests and skills as well as
culfural backgrounds, and language
proficiency.

Review of curriculum materials and
visuals demonsirate examples of
cultural awareness of the students in
their classroom/schoal in each umit.

Invites students to share their
experiences related to the STEM/CTE
content they are leaming, to provide
opportunities for student voice to be
included in sharing their stories and
experiences, increasing engagement
and relevancy, through autobiographical
video production.

Shares examples of professionals in
STEM/CTE that represent the diverse
student body in their classroom/school.

Teaching strategies as well as
leaming activities are informed by
knowledge of students’ interests
and skills.

Recognizes the value of cultural
awareness and making leaming
experniences relevant to students”
lives.

Intentionally chooses culturally
relevant practices and curriculum
materials to engage learners.

Knows that girls benefit from
increased cultural relevancy in all
STEM and CTE experiences.

Culturally Responsive Practices Self Assessment Bubric Developed by Alicia Santiago with imput from Sirl Anderson, Bark: Billington, Brenda Britsch, Hilarie Davis, Rita Karl as part of NSF HEF Grant $151 30602

«collaborative endeavar of the National Science Foundation, Twin Cities Public Television, St Catherine University and the University of BN STEM Center.
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Raclally and Culturzally Responsive Rubric
1- Professional Responsibilities

enhance teaching practices.

does not or inconsistantly Incorporates
feedback Into teaching practices.

Goal Mowice Proficient Exemplary
Lises # Engage in self-reflection to examine ®  Artively explores personal values, beliefs, # Regularly and consistently explores personal
self-refiection hisfher own cultural and raclal identity. strengths, and challenges in relation to culture values, bellefs, strengths, and challenges in
and owareness |« Limit exploration of personal values, (gender, race, economic status). relation to culture (gender, race, economic
to effectively bellefs, strengths, and challenges in ®»  Develops and uses strategles to counteract status).
engoge relation to culture (gender, race, blases. #» Develop knowledge, skills, and a mindset to
students and econamic status). & Get a better understanding and appreciation effectivaly engage and communicats with
Improve & Rarely reflect on values, beliefs, for the cultural, ethnic, and racial diversity diverse students (eg. teachers’ positive
Instruction strengths and challenges before making that exlsts within his/her community. belief that he/she is capable of successfully
decislons or taking actions. »  Develop a sense of hisfher own cultural teaching ALL students. Their belbefs turn into
» Become aware of implicit blases that identity through self-reflection and recipracal acthons for positive student achievement).
perpatuate inequities (for women and learning » Regularly seek feedback from others and
ethically and culturally diverse » Identify areas of strength, and areas of consistently Incorporates feedback Into
students). growth. teaching practhces.
= Rarely seek feedback from others to »  Occaslonally seek feedback from others but » Model effective practices for other teachers

and counsalors.

2-  Classroom eny

ronment and soclal interactions

students based on trust (Respect enables

teachers to reach students’ learning

connections to their learning [e.g.
through shared stories, listening).

Goal Novice Profickent Exemplary
Creotes a safe Arrange space for easy movement » Provide an environment that is #» Creates a safe learning environment where
learning throughout the classroom. respectful, safe from physical harm, students take academic risks and play an active
environment Manage interpersonal conflict and unfair treatment, and welcoming to rode {individually and collectively) in preventing
disruptive behavior. students of all ethnic and cultural behaviors that interfere with leaming.
Check In with students about their backgrounds |students feel safe ®  [|dentify the pressing safety concerns of students.
concerns to promote positive relations. asking questions and contrlbuting = Students take the responsibility to create positive
to discussions). relationships that contribute to learning.
& Intentional in creating meaningful #  Establish an environment in which students
connections with youth. respect and affirm their own and athers”
differences and are supported to share and
explore differences and similarities related to their
cultural background and (dentity.
Estobishes Encourages interpersonal relationships = Develop knowledge about #» Teachers and students bulld strong and supportive
supportive based on trust, care, and support. students’ cultural backgrounds relationships through mutual understanding and
relotionships Develop respectful relationships with |and zeek tp understand) to make cooperation (allows students to learn and practice

prosocial skills).
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they are expected to know and be
able to do.

styles. Learn about students’ strugglas & Teachers show genuine care for students’
and share yours to develop wellbeing and learning
connectedness).
Goal Movice Proficient Exemplary
Estabiishes and &  Provides written expectations and Dewelop and cultivate norms that & Cultivate student’s own way of doing things
maintaing discussions about positive soclal Integrate students’ volce. through rules establishied by the activity and
clossroom norms around cultural differences, Estahblish prosocial norms and behavior values, habits and expectations upheld by the
routines, diversity, and integration. acceptabla to all and do not privilege a students.
procedures, and # Communicates expectations for particular group [clear expectations, & Students assume responsibility for classroom
positive sockal classroom routines and procedures. discussions, modeling). routines and procedures.
norms and ® Promote the development of Uses strateghes to select and manage #» Students assume responsibility for monitoring
behavior students’ positive personal and social Instructional groups that reflect their behavior and that of thelr peers.
skills. diversity.
# Implements management strategies Promote the development of students’
that promote helpful behavior, positive personal and social skills.
responsibility, and motivation.
@ Teacher provides constructive,
respectful, and timely behavior
feadback.
Communicates ® Show genuine respect for students Seek input from students to understand | »  Consistently enforce expectations for student
high cognitive and belief in their capability. warlability in their expactations, habits effart, behavior, and work with special recognition
expectations for @  Have similar expectations for youth and ways of doing things. a5 needad.
learning ond of all ethnic and cultural Create tasks that are cognitively = Consistently and clearly models how students can
performance backgrounds. demanding and challenging for all master challenging material and meet learning
# Communicate clear and spedfic students. goals through effective effort.
expectations to students about what Classroom Interactions and = Students engage in challenging work

Instructional outcomes comeey high
expectations for all students [e.g.
everyone can learn STEM, guestions are
Important, mistakes ane valuable, STEM
Is about creativity and making sensa,
STEM ks about connections and
communicating, STEM Is all about
learning (effort), not performing,
STEM).

(Independently and collaboratively), construct
thelr own knowledge and demonstrate enthusizsm
and effort in completing work.

Culturally Respansive Practices Self-Assessment Rubric Developed by Alicia Santiage with input from Siri Andersan, Barb Billington, Brenda Britsch, Hilarie Davis, Rita Karl as part of NSF NSF Gront $1513080 2

eollaborative endeavor of the National Science Foundation, Twin Cities Public Television, St Catherine University and the University of MN STEM Center.
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styles (visual, auditory, kinesthetic).

Idiosyncrasies.

Lessons 2llow students a degree of -
chaolce on topic and/for product

presentation.

Lessons display real life, ghebal and
culturally diversa and relevant
situations.

= Integrate differentiated instructional
approaches and resources into the
curriculum to meet the needs of all
students.

Goal MNovice Profickent Exemplary
Creates a culture Encourage perseverance by providing Students use strategies (e.g. problam & Students value struggle, fallure and perseverance.
of perseverance support related to defining tasks, solving, collaborative group work, = Students work diligently and show strong
and hard work planning, monitoring, changing seeking assistance from teachers and perseverance when work is difficutt.
course of action, dealing with knowledgeable peers, ) to persevere = Students understand the value of hard work, hone
challenges and sethacks [eg. through challenges. their problem-solving skills and take responsibility
immediate and informative Students see fallure a5 a positive for their own academic progress.
feedback]. learning experience
Promote a growth mindset.
3- Preparation of lessons and classroom instruction
Goal Movice Proficient Exemplary
Design culturally Currlculum reflects and values diversity Learning activities and Instructional ®  Curriculum ks integrated, interdisciplinary,
relevant lessons {reflects varlous values and strategies are informed by knowledge meaningful, and student-centered (indudes
and temching perspectives). of students’ skills and interests, Issuesytopics ralated to students’ background and
strotegles Lessons Incorporate different leaming cultural background and culture, includes information that reflects students’

perspectives, Includes culturally-relevant information
students can kdentify with).

Currlculurn provides students with options that are
challenging, and incorporate inquiry and higher order
thinking skills that personalize connections and

evoke multiple perspectives.

Culturally Responsive Practices Self-Assessment Rubric Developed by Alicia Santiago with input from Sirl Andersan, Barb Billington, Brenda Britsch, Hilarie Davis, Rita Karl a< part of S5F NSF Grand #1517 3060 2

collaborative endeavor of the Mational Science Foundation, Twin Cities Public Television, St. Cathering University and the University of MN STEM Center.

Goal Movice Proficient Exemplary |
Lises Teacher facilitates and Implement activities that are problem-orlented, = Regularly provide opportunities for students to
instructional Euldes classraom have real-world applicability, require higher-order contribute their knowledge and perspectives about a
strategles that learning. thinking skills, collaboration with others, involve lesson's tophc(s) and use the knowledge to plan and
engoge all Use interactive and Integrated instruction and are project-based. sequence the lesson (e.g. ask open-ended questions
students in problem, project, and Foster students’ sense of belonging by activaly to discover what students already know, present and
learning goal-based instruction to seeking students’ input on activity/project goals, connect new skills and infermation to students’
engage students. and design activities around students” community responses).
Use flexible, equitable, CONCErMs. = Promote family and community invalvement to allow
and heterogeneous Studants assume the role of an explorer. the implementation of effective, culturally responsive
Eroups to help each Implement peer-basad instructional strategles that activities that can connect with youth in a meaningful
student contribute ta all foster interpersonal skills. way.
tasks. Implement instructional conversations to develop # Provide culturally responsive feedback (CRF) that is
Implement students’ language and thinking skills and to guide critical, ongoing and immediate (CRF- incorporates
rechnology-enriched the learning process. students’ responses, ldeas, languages, experiencas in
Instruction to facilitate Aszazsment |s performance-based [not a manner sensitive to students’ individual and
student leaming through traditional tests) and tallored to individual needs cultural preferences).
active engagement. and goals (e.g. authentic azsessment —evaluates & Usa cognithvely gulded instruction - involwes explicit
Ocraslonally reflect on students’ ability in real-world context; alternative discussion of instructional expectations. Requires
the effectiveness of assessment —measures studants learning in forms teachers to exemplify learning outcomes of CRT,
lessons and intaractions other than pencil/paper tests), and integrated which incdlude strategy use, content learning,
with students performance assessment - includes interprative, mietacognitive and critical thinking, and interest and
{individually and with Interpersonal, modes of communication). rexpect for cultural and linguistic diversity.
colleagues). Regularly reflect on the effectiveness of lessons and | @ Students appear to have a great deal of control over
Interactions with students {indkvidually and with the learning that occurs In the classroom (g
colleagues). students’ comments and questions often determine
the focus and direction of Instruction/learning; there
Iz a high proportion of student talk {between and
among them} relatad to content, and students have a
desire to explore and inquire).

& Students model performance expectations for each
other in a variety of ways, but all demaonstrating
mastery.

&  Regularly reflect on the effectivenass of lessons and
Interactions with students — individually and with
colleagues — and uses and shares with colleagues,
Insightts gained to Improve practice and student
engagement and learning.

622266

Culturally Respansive Practices Self-Assessment Rubric Developed by Alicia Santiago with imput from Sirl Andersan, Barb Billington, Brenda Britsch, Hilarie Davis, Rita Karl as part of NSF NSF Grant #1513060 3

collaborative endeavar of the Mational Sckence Fourdation, Twin Citles Public Television, St Catherine University and the University of MN STEM Center.
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Appendix E

Peer to Peer Collaboration Models and The Effect of Self Efficacy
Parental Permission Form

1/27/2021
Dear Parents and/or Guardians,

In addition to being your child’s 8th-grade science teacher, I am a St. Catherine University student
pursuing a Masters of Education. As a capstone to my program, I need to complete an Action Research
project. I am going to study how working with peers affects a student’s confidence in their scientific
abilities. Previous research has found that increasing this confidence, also called science self-efficacy, has
proven to increase academic achievement in the science classroom for all students.

In the coming weeks, I will be partnering each student with a student in the other color group or with
other distance only learners (i.e. gold student with maroon student), and students will work with each
other through google meet video meetings to learn the scientific concepts and share ideas with each other
as a regular part of science lessons and daily activities. These activities could include things such as
having a student in school describing and modeling a lab that is being done in the classroom, while the
student learning from home adds the data to a shared lab report, or a student at home going outside to
measure the wind speed and direction while the student in school writes down the observations and data
into a shared activity guide. After these activities, students will fill out an exit slip describing how
confident they feel about the material they learned and what parts of the group work best helped them
understand. All students will participate as members of the class. In order to understand the outcomes, I
plan to analyze the data obtained from the results of these exit slips in addition to asking students about
their current confidence levels in science through a google form and recording a video of themselves on
flipgrid discussing their science self-efficacy. We will do this at the beginning and end of the research
project to determine if working in collaboration with other students is making individual students feel
more confident about their scientific abilities and knowledge. In addition, I will also be reflecting on how
my teaching strategies through the project promote an improved classroom environment where students
feel comfortable discussing and working with others to reach scientific solutions. All strategies
implemented and assessments given are part of normal educational practice.

The purpose of this letter is to notify you of this research and to allow you the opportunity to exclude your
child’s data from my study.

If you decide you want your child’s data to be in my study, you don’t need to
do anything at this point.

If you decide you do NOT want your child’s data included in my study, please
note that on this form below and return it by February 26, 2021. Note that your
child will still participate in the peer group work but his/her data will not be
included in my analysis.

In order to help you make an informed decision, please note the following:
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I am working with a faculty member at St. Kate’s and an advisor to complete this particular
project.

Some benefits of this student include increased confidence in being able to do and understand
science, better communication and collaboration skills, increased interest in joining the scientific
community as a career, increased understanding of how the world works around us, higher
self-esteem, and perseverance in the face of struggles, and an increase in community members
who are critical thinkers who take action on issues within the community. Some risks are having
more dependence on the support of peers to complete tasks, internet issues that may have students
struggling to connect, and learning may take longer.

I will be writing about the results that I get from this research. However, none of the writing that I
do will include the name of this school, the names of any students, or any references that would
make it possible to identify outcomes connected to a particular student. Other people will not
know if your child is in my study.

The final report of my study will be electronically available online at the St. Catherine University
library. The goal of sharing my research study is to help other teachers who are also trying to
improve their teaching.

There is no penalty for not having your child’s data involved in the study, I will simply delete his
or her responses from my data set.

If you have any questions, please feel free to contact me at ekaus@flaschools.org. You may ask questions
now, or if you have any questions later, you can ask me, or my advisor Dr. Megan Olivia Hall
(meganoliviahall@gmail.com), who will be happy to answer them. If you have questions or concerns
regarding the study and would like to talk to someone other than the researcher(s), you may also contact
Dr. John Schmitt, Chair of the St. Catherine University Institutional Review Board, at (651) 690-7739.

You may keep a copy of this form for your records.

::}".? ) 4‘/‘_\ |I ' II. |
S L8N A1 s
i I
L it 1/27/2021
Erin Wilmes (Kaus) Date

OPT-OUT: Parents/Guardians, in order to exclude your child’s data from the study, please sign
and return by February 26, 2021. You may also respond via email with this same information

below.

I do NOT want my child’s data to be included in this study.

Signature of Parent/Guardian Date
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Focus Group's Quotes from Initial and Final Video Journal Responses

Student #

Initial Responses

Final Responses

21

38

39

87

“1 don’t feel like a scientist because 1
don’t like to do experiments and
activities.”

“I don’t really feel capable because
science is hard to do and understand.”

“When I do science, I don't really feel
like a scientist because I just feel like
it's another class that I have to do.”

“Sometimes I feel like I can do science
if I understand it. If I don't understand
it, then I don't know what to do.”

“I guess sometimes I feel like a scientist
when we're doing labs and stuff.”

“Yeah. I don't know if I feel capable. I
like math because there's always an
answer to every problem, and I think
the science that we do is like that, but I
don't think I like experimental science.”

“When doing science, I don't
necessarily feel like a scientist, but
when doing scientific experiments, I do
feel more like a scientist. I guess this is

“I still don’t feel like a scientist because
I don’t have interest in it”

“I feel more capable, but there is still
part of me that still struggles. I hope
to continue to improve.”

“I wouldn't say I feel like a scientist, but
I do feel like I have more knowledge
in science than I did earlier this year.
I can engage more and actually
understand the concepts. Just being
able to understand the concepts gives
me a lot more confidence and makes
me want to talk about the topics more
with other people and lets me engage
better in the classes activities.”

“I do feel a lot more capable now
because I've started to pay a lot more
attention in class. Just being able to
talk with other people and having
them there for support is an option I
like having.”

“I don't feel like a scientist, but now I
enjoy understanding things that are
around me.”

“I feel more capable because science
showed me I can always find the
answers even if it takes a long time.”

“When doing science, I do feel a little
more like a scientist because I feel
like my skills in science have gotten
better over the year, and I’m able to
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140

because [ mentally envision an
associated scientist with someone in a
chemistry lab with a white lab coat.”

I feel capable of doing science because
these things come fairly easy to me.
Why? I'm engaged by the ability to
learn and obtain information and be
able to recall the information.

“Personally, no, I do not feel like a
scientist when I'm doing science
because I know that I still have a lot of
things I need to learn and do in order to
feel and be a real scientist. “

“Yes, I do think I am at least capable of
doing science. I think this because I
know that I, well, I'm not the best at
doing science. I can improve along the
way and get better in order to be able to
do science.”

“When I'm doing science, I don't feel
like a scientist unless I'm doing
experiments because I'm just learning.”

“I don't feel capable of doing science
because there's a lot of stuff you have to
remember, and I tend to forget things
easily.”

77

understand more concepts and
things.”

I do feel capable because I can wrap my
head around the concepts easily, and
there are some things that you have to
think about more, but I do feel like I’m
able to understand it in context more.

“I don't feel like a scientist yet, because
I know that I still need a lot to learn
since I don't even know the
fundamentals of being a scientist yet.
However, I consider myself to be like
a science apprentice because I'm
trying to be hard is to learn.”

“I feel like I'm capable enough to do
things like work that is part of my
grade level, but I don't feel like I'm like
that high up and experienced enough to
be the best in doing it.”

“When I'm doing science, I don't really
feel like a scientist because this year we
haven't really done any experiments or
used the lab. I feel like a scientist when
I am doing experiments.”

“I do feel capable of doing science, but
sometimes the scientific vocabulary can
be confusing or it can be difficult to
memorize. Having visual examples
and the teacher or peers explaining
helps me. ”

Note. Bold represents positive changes in responses.



