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ABSTRACT

This study examined the relationship between administrative support for teacher-led
educational innovation in a private school and students' achievement scores on standardized
achievement tests in an interrelated planning process to determine the feasibility of the
successful use of technology-integrated PBL in science while attempting to mitigate all the
challenges involved in the implementation of technology-integrated PBL. Additionally, the
researcher looked at the effect of teacher’s attitude and administrative support for the use of
technology-integrated PBL in middle school science classrooms on the students' attitude and
aptitude, and their levels of academic achievement on the standardized science test (CTP4).

The qualitative portion of this study was conducted using an ethnographic methodology
to explore how the implementation of technology-integrated project-based learning could impact
a middle school science classroom culture with the assumption that multiple educational theories
such as constructivism, situated learning, the theory of change and the theory of learning and
awareness impact of the implementation of technology-integrated project-based learning (PBL)
in a middle school science classroom.

In developing each unit of study, the researcher considered students' prior knowledge and
curriculum standards before selecting the topic of study that served to organize and drive
classroom activities. Students worked collaboratively on cross-curricular academic tasks in
small groups, producing an artifact as evidence of learning in a designated amount of time
(Cheng, Lam, & Chan, 2008). The students then reviewed and evaluated their final product with
help from the teacher before presenting their projects to their community of learners. The
primary sources of data (Figure 3) collected included classroom researcher observations,

structured student and staff surveys, classroom, and standardized science testing assessments
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(CTP4), classroom artifacts, extensive note-taking, and developed written forms for recording
the information gathered (Creswell, 2013).

The results of this research support the findings of Falik, Eylon, and Rosenfeld (2008)
that showed despite the high positive impact technology-integrated PBL implementation could
have for students, teachers require training and support to overcome their misconceptions and
reluctance for implementing technology-integrated PBL in their classroom successfully. This
study also confirmed that the students participating in PBL treatments showed significant
increases in their Science Standardized Testing Scores on CTP4 during the testing cycle
following the implementation of the technology-integrated PBL (2018-2019) as compared to the
previous two testing cycles (2016-2017 and 2017-2018).

The researcher utilized triangulation and member checks to analyze and confirm the
results of the study based on the data collected. The non-random convenience sampling from a
single for-profit school may have generalized form this study population to other populations
more difficult. Many variables outside of the researcher’s control such as small class sizes, the
level of the technological expertise of the individual teachers and students, the degree of
scientific knowledge and ability, availability of technical infrastructure, student aptitude and
attitude toward science and school and students' level of English language proficiency could
have changed the outcome of the study. Analysis of the study data supported the study’s
hypotheses.

Due to the small sample size, the data collected were analyzed using a non-parametric
inferential statistical test, including Spearman’s Rank Correlation (Spearman Rho), Wilcoxon
Signed Rank test. Despite the study’s limitations, the overall findings support the use of PBL in

science instruction since students in PBL treatment groups experienced significantly more
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growth in Science Standardized Testing Scores (CTP4) and process skills. Moreover, a
significant increase for these students suggested that sustained implementation is desirable. PBL
is an effective instructional method in science process skills for this population. The study
conclusions provided valuable contributions to the understanding of how the culture in a middle
school science classroom culture affected the learning of science. This study’s unconventional
approach to collecting educational research data helped to inform efforts for effective means of

monitoring the progress of science education.
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CHAPTER 1: INTRODUCTION

Parents, educators, scientists, and government officials have been concerned about
students' ability to deal with the changes brought on by the innovations in science and
technology (Michaels, Shouse, & Schweingruber, 2008). Science affects students' lives.
Understanding essential scientific skills such as critical thinking and problem-solving would
enable students to improve the quality of their lives, pursue scientific careers or become
scientifically literate citizens in a global society (Krajcik, Czerniak, & Berger, 1999).

Scientific learning takes place when students use their knowledge and skills to explore
and construct solutions to complex, authentic questions and carefully designed products and
tasks (Moursund, 2003). The use of project-based learning (PBL) in science could help young
learners to ask questions, hypothesize, design experiments, gather and analyze data, produce
artifacts, and communicate ideas through a process of investigation and collaboration. As
students learn fundamental science concepts and principles, they become better prepared to deal
with the scientific, technological, and social issues that face them in the future (Krajcik et al.,
1999).

PBL has its roots in an instructional strategy that originated from John Dewey (1938).
Dewey believed that it was essential to provide students with hands-on experience as part of
learning. As opposed to traditional classroom projects, by simulating real problems and
problem-solving PBL would allow students to explore questions based on their interests and
needs in a student-centered process. Students could solve real-world problems using critical
thinking, creativity, and research skills, while teachers carefully select educational standards that

support the use of project-based learning (NYC Department of Education, 2009).



Chard and Katz (2000) described project-based instruction as a flexible framework,
which began with the selection of a topic of study for the project that took into consideration
students' prior knowledge and curriculum standards. The text selected by the teacher served to
organize and drive classroom activities resulting in a series of artifacts or products, which
culminated in a final product that addressed the driving question. In the last phase, the teacher's
role was to help students review and evaluate their final product before the concluding event,
where students share their results with their community (Curtis, 2002).

PBL promotes student learning by helping students to construct knowledge through a
variety of learning experiences (Donnelly & Fitzmaurice, 2005). Students working
collaboratively on cross-curricular academic tasks in small groups produce artifacts as evidence
of learning in a designated amount of time (Cheng, Lam, & Chan, 2008). PBL allows students to
share ideas, voice opinions, and discuss solutions, thus increasing students' level of class
participation. Students show improved levels of cognitive development when fully engaged with
an exciting project that enhances the quality of learning and teaching (Taylor & Parsons, 2011).

Reform efforts in science education place emphasis on the importance of rigor in science
curriculum standards and the use of innovative pedagogical approaches such as PBL that make
science more meaningful and support learners in authentic scientific practices (Krajcik, Mcneill,
& Reiser, 2007; Kwek, 2011). As students investigate problems, they develop an understanding
of fundamental scientific principles and concepts in a realistic environment that connects the
classroom and real-life experiences. Understanding how scientists build, evaluate, and apply
scientific knowledge could be a core part of connecting scientific knowledge to learners'

experiences in the everyday world (Krajcik, Mcneill, & Reiser, 2007).



The use of PBL in science as a teaching approach has helped in the development of
learning environments that reflect the nature of science (Krajcik et al., 1999). Research has
suggested that innovation in curriculum and instructional practice requires that considerable
attention be given to curricular content, classroom and curricular organization, individual and
developmental differences in the use of knowledge (United Nations Educational, Scientific and
Cultural Organization [UNESCO], 2004). Furthermore, attention must be given to motivational
orientation, cognitive and metacognitive strategies, teacher efficacy, opportunities for
professional development, organizational time, and support for teacher reflection. For project-
based instruction to be successful, projects must be designed in a manner that helps sustain
student attitude, aptitude, and thoughtfulness. Teaching in this way requires close attention to
project design and strategies that could lead to the successful implementation of PBL by
instructors (Blumenfeld et al., 1991).

Statement of the Problem

Using technology-integrated PBL, teachers could introduce higher level, cognitively
complex assignments, which in turn provide students with opportunities for problem-solving
(Curtis, 2002). Through technology-integrated PBL, students could construct knowledge by
solving complex problems using multiple sources of information and resources. Most
importantly, students find projects, fun, motivating, and challenging because they play an active
role in choosing and planning processes (Katz, 1994).

Despite the apparent benefits of PBL, its implementation has not been without
challenges. Teachers who wish to implement PBL in the classroom have found it difficult to
allow students to choose a topic of study that interests them within the confines of the prescribed

curriculum (Andrews, 2014). Teachers have also found it harder to follow lesson-pacing



guidelines because the in-depth investigations required often take longer than expected
(Stepanek, 1999). Another issue faced by teachers has been the designing of assessments that
accurately reflect evidence of student understanding of content constructed through PBL rather
than delivered through the traditional single test given at the culmination of a unit of study
(Curtis, 2002)

Critics of PBL have cited students’ lack of prior experience as the reason for students
not knowing what might be essential to learn. Additionally, critics of PBL believe that
teachers’ may not be able to cover the amount of material covered in a traditional classroom
due to the level of work and planning involved for the teachers (Boud, D. & Feletti, 1997).

Beyond issues of lesson planning and assessment, often, the most prominent obstacles
cited to the implementation of PBL by teachers have been the lack of time and resources.
Teachers require the support of the administrators to mitigate issues of time and resources as part
of the successful implementation of technology-integrated PBL in the classroom (Harrigan,
2014, Laboy-Rush, 2009; Thomas, 2000). Administrators’ level of interest and level of
knowledge about best instructional practices could lead to either encouragement or
discouragement for teachers who desired to implement instructional methods such as PBL in
their classrooms (Harrigan, 2014).
Purpose of the Study
The purpose of implementing technology-integrated PBL in a middle school science

classroom was to learn if the use of this method of teaching would enhance the existing science
curriculum while adhering to the curriculum standards and lesson pacing guidelines.
Furthermore, the purpose of this realist ethnographic study was to see if the addition of

technology-integrated PBL to other effective teaching strategies used in a science classroom



could lead to changes in students’ attitude and aptitude, resulting in an improved overall

academic achievement for science. An additional purpose of this study was to learn if access to

an easy to use, lesson-planning platform, along with administrative support, could serve to
change the attitude of teachers with basic knowledge of technology toward implementation of
technology-integrated PBL in their classrooms to improve students’ levels of academic
achievement.

Research Questions

1. How could technology-integrated PBL be implemented in a middle school science classroom
as an augmentation to the existing curriculum while adhering to the curriculum standards and
lesson pacing guidelines?

2. How could the addition of technology-integrated PBL to other effective teaching strategies
used in a science classroom lead to changes in students’ attitude and aptitude, resulting in an
improved overall academic achievement for science?

3. What would be the impact of administrative support on the teachers’ attitude toward the
implementation of technology-integrated PBL to improve students’ levels of academic
achievement?

Hypothesis
Hi: The data collected would demonstrate how technology-integrated PBL could be
implemented in a middle school science classroom as an augmentation to the existing curriculum
while adhering to the curriculum standards and lesson pacing guidelines.
H,: The data collected would demonstrate how the addition of technology-integrated

PBL to other effective teaching strategies used in a science classroom could lead to changes in



students’ attitude and aptitude, resulting in an improved overall academic achievement for
science.

H3: The data collected would demonstrate the impact of administrative support on the
teachers’ attitude toward the implementation of technology-integrated PBL to improve students’
levels of academic achievement.

Theoretical Framework

The current emphasis placed on student outcomes in education challenges teachers to
develop and implement effective and efficient strategies such as PBL that translate into student
engagement and learning (Leithwood, Seashore Louis, Anderson, & Wahlstrom, 2004;
UNESCO, 2004). Multiple theories such as constructivism, situated learning, the theory of
change and the theory of learning and awareness by Marton and Booth (“What is theory of
change,” n.d.; Krajcik et al., 1999; Marton & Booth, 1997; Moursund, 2003) support the use of
PBL in the classroom.

The Constructivist Theory

The constructivist theory (Jean Piaget) stated that students create their knowledge in the
context of their own experiences. When students actively engage with an authentic phenomenon
requiring them to use and apply knowledge with multiple representations, they develop an
understanding as they seek answers to questions about the natural world. In a constructivist
classroom, students interpret received information considering pre-existing knowledge and
experiences (Krajcik et al., 1999; Moursund, 2003). The teacher may make decisions and base
actions on beliefs that are consistent with constructivism. However, constructivism does not
suggest how an individual should learn but offers an account of how learners construct

knowledge using the common elements of constructivist pedagogy, such as being student-



centered, using different modes of instruction, and creating opportunities for understanding
through purposeful group dialogue (Kemp, 2014).

Situated Learning Theory

A critical aspect of learning activity is the context and culture in which learning occurs.
Like PBL, in a situated learning theory classroom, learners become involved in a community of
practice in which both students and the teachers become actively engaged in carrying out a
project in a supportive learning environment designed to facilitate learning that transfers to real-
world settings (Korthagen, 2009, Moursund, 2003).

Cognitively engaged and motivated students tend to learn more and remember materials
learned better than students who receive only didactic instruction (Johnson & Hayes, 2016).
PBL problems need to be relevant to help students be intrinsically motivated (Moursund, 2003).
Inquiry-based teaching methods often used by PBL teachers, focus on teaching students how to
ask questions, observe, and interpret data, solve problems, conduct investigations, and develop
an understanding of the scientific concepts (Goldstein & Bevins, 2016). PBL lessons could
provide the needed environment in which students learn to work cooperatively with their peers as
they explore and learn curriculum topics and social skills (Moursund, 2003).

The Theory of Learning and Awareness

The theory of learning and awareness developed by Marton and Booth (1997)
investigated why some teaching methods were more effective than other strategies for producing
meaningful learning outcomes. This theory emerged as an approach to studying learning
outcomes from the viewpoint of different students' experiences to help them become aware that
they can achieve a better quality of education if they could observe various facets of experience

simultaneously so that the part-whole relationship becomes apparent. By applying this approach,



teachers create a learning space where students can learn by using a variety of experiences
(Marton & Booth, 1997).

The Theory of Change

The significant level of attention placed on curricular reform has only recently expanded
to include the study of teacher training and development within the school setting (Peng et al.,
2014). Using the theory of change (Carol Weiss) as a process to promote change and define
goals and desired outcomes, organizations can study the relationship between all steps of teacher
training and development by mapping pathways backward in chronological order (“What is
theory of change,” n.d.) By breaking down long-term goals and objectives into several shorter-
term and observable outcomes, educational leaders can make informed decisions about strategies
for change and reflectively evaluate the organization’s plan for teacher training and development
(Fullan, 2006).

Closing the student learning gap requires access to resources and a leadership committed
to capacity building that focuses on accountability (“Effective Practices in Closing Achievement
Gaps,” 2019). Promoting capacity building and motivating the people would allow for the flow
of ideas among all levels of an organization that, in turn, could track outcomes at each step to
ensure their actions lead to the expected results (Fullan, 2006). Policies put in place by the
leadership must allow for and support innovation by creating an atmosphere of encouragement
with pathways that can realistically achieve measurable data generated along the way that can
then be used to measure the success or the failure of the change pathways (“What is theory of

change,” n.d.)



Significance of the Study

This study was designed to contribute valuable insight and theory to the successful use of
technology-integrated PBL in science, considering the level of importance placed on student
enthusiasm for learning at the middle school level. Falik, Eylon, and Rosenfeld (2008) showed
that although PBL implementation could have a significant educational potential for students,
teachers required training and support to implement PBL in their classroom successfully. The
outcome of this study may be useful for the development of improved training models,
environments, and implementation strategies that promote the efficient use of technology-
integrated PBL in middle school science classrooms.

As part of the study, the researcher sought to examine the relationship between broad sets
of variables. The variables analyzed included the impact of the addition of technology-integrated
PBL to the existing science curriculum and instruction; the impact of teachers' attitude toward
the implementation of technology-integrated PBL in the classroom; the impact of the level of
administrative support for the implementation of technology-integrated PBL in the classroom
and the theoretical foundations of PBL. By identifying variables, a conceptual starting point was
established for the successful implementation of PBL in the classroom. Providing the proper
contextual environment could enhance the use of PBL to support of students' attitude and
aptitude while helping teachers to deal with issues such as classroom management and
assessment (Fallik et al., 2008). No other study has shown a direct tie-in between strategic
planning and administrative support for teachers to implement technology-integrated PBL in
their classrooms in a private school and students' achievement scores on standardized

achievement tests in what might be an interrelated planning process.
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Researcher Background

As a scientist, the researcher brought her love and knowledge of scientific principles to
the classroom. As a science teacher, the researcher had successfully used PBL as well as the
principles of Science, Technology, Engineering, Arts, and Mathematics (STEAM) in her
classroom with measurable impact on students’ commitment to learning. Year after year, the
researcher saw an average of 50% of her students enroll in high school honors science classes
upon graduation from eighth grade. Based on self-reporting done by former students, many
chose a career path involving the study of science upon graduation from high school. The
researcher believed that her personal and professional background gave her the knowledge and
experience needed to research this topic.

Definition of the Terms

The study provided explanations for terms that many people tend to confuse and mix in
their studies; therefore, it was necessary to separate them and show them as individual words.

Benchmark lessons are teacher-directed lessons or classroom activities used to teach
needed skills or concepts that help students develop understanding essential to project work
(Krajcik et al., 1999).

Concept Map is a visual learning tool with associated spatial features that include concept
hierarchy and relationships. A concept map is also a constructivist-based tool, facilitating active
knowledge construction by the individual as opposed to the passive transfer of knowledge
structures from an expert source to the individual (Rye, Landenberger, & Warner, 2013).

Cognitive strategies help learners to become academically successful. These include

repetition, organizing a new language, summarizing meaning, guessing the meaning from
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context, using imagery for memorization (https://www.teachingenglish.org.uk/article/cognitive-
strategies).

The Community of learners is composed of students, teachers, and members of society

collaborating to investigate questions (Krajcik et al., 1999).

Cross-curricular teaching involves a conscious effort to utilize the knowledge and
principles of more than one academic discipline simultaneously. The subjects may be related to
a central theme, issue, problem, process, topic, or experience
(https://www.collinsdictionary.com/dictionary/english/cross-curricular).

Culture-Sharing Group: A group of people that could be studied, described, and
interpreted by ethnographic researchers with shared or learned cultural values, beliefs, and
language developed because of interaction over time (Creswell, 2013).

Driving questions or problems organize and guide instructional tasks and activities
(Krajcik et al., 1999)

Ethnographic Study refers to a method of study and observation of a culture-sharing
group through immersing of the researcher in the day-to-day lives of participants (Creswell,
2013).

Fundamental scientific principles refer to extensively and reproducibly tested
explanations for significant natural phenomena (http://evidence-based-
science.blogspot.com/2008/02/what-is-scientific-law-theory.html).

Hands-on experience refers to the knowledge and skills gained from doing something
rather than just reading about it or seeing it.

(https://dictionary.cambridge.org/us/dictionary/english/).
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Inert knowledge refers to knowledge stored in the memory that cannot be recalled and
used in an appropriate situation (Moursund, 2003).

Integrated learning happens when previously learned knowledge is used to solve a
problem (Moursund, 2003).

Interactive Science Folders (Journals) are tools used to promote student learning,
enhance communication skills used to assess students’ academic growth (Full Option Science
System [FOSS], 2018).

Metacognitive strategies are methods used to help students understand how they learn
(http://inclusiveschools.org/metacognitive-strategies/).

Motivational orientation relates to innate desires (e.g., interest) or external compensation
(e.g., money) sources of motivation for a person to act (Ryan & Deci, 2000).

Portfolio assessment is the systematic, longitudinal collection of student work created in
response to specific, known instructional objectives and evaluated by the same criteria
(Barnhardt, Kevorkian, & Delett, 1998).

PBL is a teaching strategy where students develop knowledge and skills over time
through investigation of an authentic, engaging, and complicated question, problem, or challenge
(https://www.bie.org/object/document/pbl_essential elements checklist).

Receptional approaches to teaching are those in which teachers transmit information, and
students receive the data (Moursund, 2003).

Suburban norms are the average of the scores from the most recent three years of testing
by select suburban public-school Comprehensive Testing Program (CTP) users throughout the

United States (Educational Records Bureau. (2019). Retrieved from https://www.erblearn.org/)
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Teacher efficacy refers to teachers' beliefs in their abilities to organize and embark upon
courses of action necessary to bring about desired results (Tschanmen-Moran, Woolfolk Hoy, &
Hoy, 1998).

Technology comes from "two Greek words, transliterated techne, and logos. Techne
means art, skill, craft, or the way, manner, or means by which a thing could be gained. Logos
means word, the utterance by which inward thought is expressed, a saying, or an expression.”
("Dictionary.com," 2018).

Technology-integrated PBL describes PBL infused with technological tools, databases,
and online applications to facilitate learning (Kirkwood & Price, 2014).

Traditional Science classrooms could be defined as teacher-centered delivery of
instruction to classes of students who are the receivers of information (Krajcik & Czerniak,
2014).

Transformational approaches to teaching and learning help students to make sense of the
materials themselves rather than receive information to memorize (Moursund, 2003).

Limitations

The study population came from a single for-profit private school organization with three
schools; therefore, it may not be possible to replicate the results of this study in all school
populations. Although the student body was derived from a diversified population, the school
employed a selective screening process for all incoming students that include an academic
assessment as well as financial commitment from the parents. Eligible families could receive
partial tuition assistance upon acceptance. Many variables that could impact the outcome of the
student achievement in science such as small class sizes, the level of technological expertise of

the individual teachers and students, the degree of scientific knowledge and ability, availability
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of technical infrastructure, student aptitude and attitude toward science and school and students’
level of English language proficiency were outside of the control of the researcher. The
researcher believed, based upon the work of Falik, Eylon, and Rosenfeld (2008), that to be
successful, implementation of technology-integrated PBL in a middle school science classroom
required a willingness by the teachers and support from the administration.

Delimitations

The desire to gain an understanding of the relationship between administrative support on
teacher's attitudes toward the use of technology-integrated PBL in the classroom and level of
students' learning determined the delimitations utilized by the researcher in this study. Additional
considerations were given to the time required to complete the study, distance from other schools
within the organization, space needed to do the study as well as other teachers' availability to
participate by the researcher to determine the delimitations for this study.

The middle school level has a one-to-one iPad requirement. The elementary classrooms
have access to iPad carts. All classrooms have Wi-Fi access and an Apple TV. Most classes have
document cameras. The schools' computer lab could be utilized to provide students with weekly
technology instruction. The school administration and faculty must seek a minimum of 20 hours
of professional development annually. The school offers partial tuition reimbursement for staff
members who wish to continue their formal education. All school administrators hold teaching as
well as administrative credentials that enable them to understand and provide support for best
practices in curriculum and instruction. Parents in the school work collaboratively with teachers
and administration through the school's parent-teacher association to make changes and offer

support.
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Assumptions

This study included the following assumptions: (a) the researcher understood the
concepts associated with the implementation of technology-integrated PBL in the classroom; (b)
not all teachers would be receptive to integrating technology and project-based learning; (c) the
data collected measured the knowledge, skills, and perception of the researcher involved in
implementing technology-integrated PBL in the classroom to support student learning; (d) the
interpretation of the data accurately reflected the impact of administrative support for
implementing technology-integrated PBL in the classroom.

Organization of the Study

This research study has been presented in five chapters. Chapter one included the
background of the study, statement of the problem, the purpose of the study, the significance of
the study, the definition of the terms, theoretical framework, research questions, limitations,
delimitations, and assumptions of the study.

Chapter two presented a review of the literature, including the impact of addition of
technology-integrated PBL to the existing science curriculum and instruction, the impact of
teacher attitude on the implementation of technology-integrated PBL in the classroom, impact of
the level of administrative support on the implementation of technology-integrated PBL in the
class and theoretical foundation of PBL. Chapter three described the methodology utilized for
this research study. It included the selection of participants, instrumentation, data collection, and
data analysis procedure.

Chapter four presented the study’s findings, including demographic information, testing

the research questions, and the results of data analyses for the research questions. Chapter five
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provided a summary of the entire study, discussion of the findings, implications of the findings
for theory and practice, recommendations for future research, and conclusions.
Summary

Understanding essential scientific skills such as critical thinking and problem-solving
would enable students to improve the quality of their lives and become better prepared to deal
with the scientific, technological, and social issues that face them in the future (Krajcik et al.,
1999). As opposed to traditional classroom projects, by simulating real problems and problem-
solving PBL would allow students to explore questions based on their interests and needs in a
student-centered process. PBL could promote student learning by helping students to construct
knowledge through the building, evaluating, and applying scientific expertise as a core part of
connecting scientific knowledge to learners' experiences in the everyday world (Krajcik, Mcneill,
& Reiser, 2007).

Despite the apparent benefits of PBL, teachers who wish to implement PBL in the
classroom have found it difficult to allow students to choose a topic of study that interests them
within the confines of the prescribed curriculum due to students' lack of prior experience
(Andrews, 2014). Teachers have also found it harder to follow lesson-pacing guidelines because
the in-depth investigations required often take longer than expected due to the level of work and
planning involved (Stepanek, 1999). Another issue faced by teachers has been the designing of
assessments that accurately reflect evidence of student understanding of content constructed
through PBL rather than delivered through the traditional single test given at the culmination of a
unit of study (Curtis, 2002)

Beyond issues of lesson planning and assessment, often, the most prominent obstacles

cited to the implementation of PBL by teachers have been the lack of time and resources.
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Administrators' level of interest and level of knowledge about best instructional practices could
lead to either encouragement or discouragement for teachers who desired to implement
instructional methods such as PBL in their classrooms (Harrigan, 2014).

The purpose of implementing technology-integrated PBL in a middle school science
classroom was to learn if the use of this method of teaching would enhance the existing science
curriculum while adhering to the curriculum standards and lesson pacing guidelines.
Furthermore, the purpose of this realist ethnographic study was to see if the addition of
technology-integrated PBL to other effective teaching strategies used in a science classroom
could lead to changes in students' attitude and aptitude, resulting in an improved overall
academic achievement for science. An additional purpose of this study was to learn if access to
an easy to use, lesson-planning platform, along with administrative support, could serve to
change the attitude of teachers with basic knowledge of technology toward implementation of
technology-integrated PBL in their classrooms to improve students' levels of academic
achievement.

Multiple theories such as constructivism, situated learning, the theory of change and the
theory of learning and awareness by Marton and Booth (“What is theory of change,” n.d.;
Krajcik et al., 1999; Marton & Booth, 1997; Moursund, 2003) support the use of PBL in the
classroom. The constructivist theory (Jean Piaget) stated that students create their knowledge in
the context of their own experiences. When students actively engage with an authentic
phenomenon requiring them to use and apply knowledge with multiple representations, they
develop an understanding as they seek answers to questions about the natural world. In a
constructivist classroom, students interpret received information considering pre-existing

knowledge and experiences (Krajcik et al., 1999; Moursund, 2003).
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A critical aspect of learning activity is the context and culture in which learning occurs.
Like PBL, in a situated learning theory classroom, learners become involved in a community of
practice in which both students and the teachers become actively engaged in carrying out a
project in a supportive learning environment designed to facilitate learning that transfers to real-
world settings (Korthagen, 2009; Moursund, 2003). The theory of learning and awareness
developed by Marton and Booth (1997) investigated why some teaching methods were more
effective than other strategies for producing meaningful learning outcomes. This theory emerged
as an approach to studying learning outcomes from the viewpoint of different students'
experiences to help them become aware that they can achieve a better quality of education if they
could observe various facets of experience simultaneously so that the part-whole relationship
becomes apparent. Using the theory of change (Carol Weiss) as a process to promote change
and define goals and desired outcomes, organizations can study the relationship between all steps
of teacher training and development by mapping pathways backward in chronological order
(“What is theory of change,” n.d.). By breaking down long-term goals and objectives into
several shorter-term and observable outcomes, educational leaders can make informed decisions
about strategies for change and reflectively evaluate the organization's plan for teacher training
and development (Fullan, 2006).

Falik, Eylon, and Rosenfeld (2008) showed that although PBL implementation could
have a significant educational potential for students, teachers required training and support to
implement PBL in their classroom successfully. The outcome of this study may be useful for the
development of improved training models, environments, and implementation strategies that

promote the efficient use of technology-integrated PBL in middle school science classrooms.
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The study population came from a single for-profit private school organization with three
schools; therefore, it may not be possible to replicate the results of this study in all school
populations. Many variables could have impacted the outcome of the student achievement in
science such as small class sizes, the level of technical expertise of the individual teachers and
students, the degree of scientific knowledge and ability, availability of technical infrastructure,
student aptitude and attitude toward science and school and students' level of English language
proficiency were outside of the control of the researcher. The researcher believed, based upon the
work of Falik, Eylon, and Rosenfeld (2008), that to be successful, implementation of technology-
integrated PBL in a middle school science classroom required a willingness by the teachers and
support from the administration. The desire to gain an understanding of the relationship between
administrative support on teachers' attitudes toward the use of technology-integrated PBL in the
classroom and level of students' learning determined the delimitations utilized by the researcher

in this study.
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CHAPTER 2: REVIEW OF LITERATURE
Introduction
This chapter explains the impact of the addition of technology-integrated PBL to the
existing science curriculum and instruction, teacher attitude toward implementation of
technology-integrated PBL and the importance of researching the relationship between
administrative support for the implementation of technology-integrated PBL and teachers’
attitude towards enacting technology-integrated PBL in the middle school science classrooms.
Teacher attitude and aptitude has recently become a subject of interest in educational research
involving PBL (Blumenfeld et al., 1991; Grant & Branch, 2005). Therefore, this study attempted
to build upon currently available research through looking at the correlation between the levels
of administrative support on teachers’ attitude towards implementing technology-integrated PBL
in a middle school science classroom, the students’ attitude and aptitude, and their levels of
academic achievement on the standardized science test (CTP4).
Key Themes
Key themes for this literature review were: (a) the impact of the addition of technology-
integrated PBL to the existing science curriculum and instruction; (b) the impact of teachers’
attitude on the implementation of technology-integrated PBL in the classroom; (c) the impact of
the level of administrative support on the implementation of technology-integrated PBL in the
classroom and (d) the theoretical foundations of PBL.
Impact of Addition of Technology-integrated PBL to the Existing Science Curriculum and
Instruction
Technological and scientific advances have made it necessary for every citizen to

become scientifically literate to comprehend their world and make informed decisions (Hazen,
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2002; McNamee, 2014). Technology has changed the way people learn and work. Employers
seek to hire employees who not only have scientific or technical expertise but could also work
collaboratively, think creatively, solve problems, as well as collect and analyze data (Rainie &
Anderson, 2017).

The world students' face has become increasingly technological. Learners need to be able
to present information in multiple formats such as text, graphics, and animation while retaining
information and developing a deeper understanding of concepts (Seo, Templeton, & Pellegrino,
2008). The expansion of technology has led to a surge in the level of available knowledge.
Educational institutions can no longer present their students with all the information needed to
become successful for the rest of their lives (UNESCO, 2004; Scott, 2015). With access to
technology from a very young age, many students may know more about technology than their
teachers. Technology has made information so accessible that students could quickly locate
information about fundamental concepts and subject matter topics as they explore solutions to
questions (Eady & Lockyer, 2013; Gollub, Bertenthal, Labov, & Curtis, 2002; Groff, 2013). By
being able to use and access technology, students could research issues that help them
understand the topic studied (Boss & Krauss, 2007). The integration of technology has
transformed the classroom and changed the teacher's role from the expert to the facilitator (Goos,
Galbraith, Renshaw, & Geiger, 2000).

Because of the exponential growth in the amount of available information, and access to
digital resources that enable them to communicate with others instantly, teens have become
significantly different from previous generations (Krajcik & Czerniak, 2014). In direct
contradiction to traditional classroom structures, technology-savvy adolescents often multitask,

communicate, and collaborate with others in various ways using their digital devices (Weigel,
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Straughn, Gardner, & James, 2009). The infusion of digital tools and resources into the twenty-
first-century classroom has led to shifting of roles for both teachers and students (Blair, 2012).

Students may not want to learn in an environment where they required to learn things
they do not see as worth learning, regardless of adult expectations (Dweck, Walton, & Cohen,
2014; Toshalis & Nakkula, 2012). The International Society for Technology in Education
(ISTE) 's National Educational Technology Standards (2007) has stated that the sixth through
eighth-grade students need to be able to "Design, develop, publish, and present products (e.g.,
Web pages, videotapes). Using technology resources that demonstrate and communicate
curriculum concepts to audiences inside and outside the classroom."

The institutional structure provided by PBL could meet the Next Generation of Science
Standards (NGSS) three-dimensional structure by focusing on concepts that require students to
cut across several academic disciplines while investigating highly complex problems. By
infusing teaching practices with twenty-first-century skills that respond to the complex learning
needs of middle school students, middle school educators would be able to provide students with
the opportunity to practice under real-life situations similar to ones they would encounter in
college and beyond (Discovery Education, 2017; "Families and Youth," 2019). For example,
technological tools can help students to conduct experiments, collect data, and communicate with
other scientists in real-time (Krajcik & Czerniak, 2014).

Curriculum, Instruction, and the Adolescent Mind

During adolescence, young brains experience one of the most critical periods of physical
changes since infancy. During the early teen years, students go through body changes triggered
by hormonal shifts that can, in turn, bring out intense feelings. Emotionally tweens become

more independent of their family units and more concerned about fitting in with their peer
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groups. Although they can exercise critical thinking skills, tweens are hindered by the fact that
the portion of the brain responsible for thinking through possible consequences of their actions is
still under construction. A significant part of the young brain's growth and development involves
the building and strengthening of brain pathways and structures such as the brain stem,
cerebellum, occipital lobe, parietal lobe, frontal lobe, and temporal lobe actively mature during
adolescence (Arain et al., 2013). During the early years of life, the adolescent brain created new
brain cells and connections between the brain cells that are subsequently pruned starting around
the age of three and into the teen years, and possibly even early twenties (Blakemore, 2012).

The frontal cortices that control reasoning, decision-making, and executive brain
functions continue to change and mature well into adulthood (Fuster, 2002). The significantly
underdeveloped prefrontal lobe responsible for communications, overall decision, regulating
emotions, working memory, and executive functioning can lead to behaviors that are irrational,
illogical, and impulsive (Reyna & Farley, 2006).

The adolescent behavior could interfere with effective classroom management and the
delivery of curriculum and instruction. Studies of male and female brains have shown that even
though the female brain has higher proportions of gray matter than white matter, male brains use
nearly seven times more gray matter for action while the female brains use almost ten times more
white matter (Jantz, 2014; "Intelligence In Men And Women Is A Gray And White Matter,"
2005). This fact may explain the presence of stronger processing, verbal, and multitasking skills
among young girls, whereas the presence of additional white matter may explain why the male
brain can think more spatially (Dumontheil, 2014). A bigger amygdala means that boys and
young men need to move around while learning as compared to girls and young women, who can

sit still and focus on one subject for extended periods (“Male and Female Brains Are Not the



24

Same,” 2018). Higher blood flow to the female brain, especially to an area called the cingulate
gyrus, means that girls will think more about emotional memories (Jantz, 2014). Middle school
teachers need to have a thorough understanding of the brain physiology of both male and female
students to deliver curriculum and instruction in an active learning environment.

Tweens have been exposed to technology all through their lives. They are both
consumers and producers of digital media products. However, the developmental issues
associated with tween years can lead to irresponsible use of technology. By using digital
citizenship instruction, teachers can be instrumental in providing the students with the skills they
need to thrive in an ever-increasing digital society (Katz & Chard, 2000). The steadily
increasing understanding of the human brain, how it stores and retrieves information, learns,
builds and extends previous knowledge, thinks and makes decisions has caused the teachers’ role
to be changed to more of a guide rather than a source of knowledge (Boss & Krauss, 2007).
Through a better understanding of neurological, physical brain maturation, cognitive, and social-
emotional adolescent development, teachers can become better able to guide middle school
students (Arain et al., 2013; Casey, Jones, & Hare, 2008; Discovery Education, 2017; Jantz,
2014).

Adolescence and motivation. Adolescence is the age where young people further
develop their social and emotional competence. At this stage of their lives, young people become
better able to understand and manage life tasks such as self-awareness, impulse control, learning,
forming relationships, solving everyday problems, and adapting to the complex demands of
growth and development. Adolescent students have also begun developing their abilities to think

abstractly about various ideas as they strive toward understanding themselves relative to the



25

world around them ("Developing Adolescents: A Reference for Professionals," 2002; Collins,
1984).

During adolescence, young people develop a need and commitment toward their peer
group (Blakemore, Choudhury, & Charman, 2007). Students in middle school have started to
develop the ability to distinguish right from wrong, show empathy toward others, and the need to
be liked by their peers (American Psychological Association, 2002; Cole, 2008). During this
period of their lives, young students experience self-esteem issues that could affect their personal
and academic identities due to the conflict between their decisions and maturity level (Arain et
al., 2013; Discovery Education, 2017). Adolescents could have different views about their ability
to succeed academically. Some may believe that they have no choice over their academic skills,
whereas others may feel that academic strength could improve over time (Cole, 2008; Dweck et
al., 2014). When given the opportunity as part of the collaborative learning, young students who
do not believe that they can succeed academically may choose lower-level tasks to demonstrate
learning outcomes (Cole, 2008; Willis, 2007).

Middle school students may have different goals in mind about their academic careers.
Whereas, proficiency versus ability motivate some students, learning and not performance may
drive others. Tasks versus ego involvement may inspire some students. Students may also differ
in how they perceive and value education (Toshalis & Nakkula, 2012; Wigfield & Cambria,
2010). Some students value learning, whereas others see education as a means earning grades,
teacher, and parental approval, and avoiding consequences (Blumenfeld et al., 1991; Fallik,
Eylon, & Rosenfeld, 2008; Pepper Rollins, 2017).

Extrinsic motivational methods such as rewards and punishment control student behavior

and enhance classroom management without any positive impact on student learning and
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academic achievement ("Motivating Students," 2019). While external rewards might control
immediate student behaviors, the behavior change may not continue to the next task (US Office
of Special Education Program, 2015). Intrinsically motivated students are far more interested
and excited about their academic performance. Inherently motivated students benefit from
assignments, become more engaged in their work, self-regulate, and use higher-level learning
strategies (Cheng, Lam, & Chan, 2008; Curtis, 2002). Learning choices in the classroom and
meaningful feedback are essential to developing students' attitude and aptitude (Fallik, Eylon, &
Rosenfeld, 2008; Pepper Rollins, 2017). Intrinsically motivated students could build their
confidence when allowed to make choices and take ownership of the learning process (Pepper
Rollins, 2017). Activities that challenge inherently motivated students help to build persistence,
creativity, and self-esteem (Cole, 2008; Irvin, Meltzer, & Dukes, 2007). Projects that challenge
students help them to develop critical thinking skills needed for the successful assessment of the
quality of their work and provision of feedback for their peers (Scott, 2015). Challenging
projects could teach students to work with limited resources such as time and money, develop
personal responsibility for completing the project on time and, build skills for future careers
(Cheng, Lam, & Chan, 2008; Curtis, 2002; Moursund, 2003).

Research has shown that as students move to middle school, they lose interest in science
and develop negative attitudes toward learning science because classroom instruction moves
away from engaging in the process of learning science to focusing on students memorizing facts
and formulas (Kamara, 2015; Osborne, 2003; Prince, 2004). Through creation of learning
opportunities that appeal to the young students' intellectual, social-emotional, physical, and

moral developmental needs, teachers not only challenge their students to develop and apply
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twenty-first-century skills in their everyday lives but also respond to their desire for connection,
affiliation, and self-assurance (Weigel, Davis, James, & Gardner, 2009).

Along with the social and emotional changes, tweens often experience physical changes
that could affect the psychological and social aspects of their development (American
Psychological Association, 2002). According to Maslow's hierarchy of needs, the need for
survival motivates human behavior (McLeod, 2018). Young students who are not able to fulfill
their physical requirements would not be able to achieve their full potential. Meeting the physical
needs of adolescents requires access to sports and other physical activities, adequate nutrition,
and rest in a safe and supportive learning environment (Discovery Education, 2017; "Male and
Female Brains Are Not the Same," 2018). Educators need to become aware of the ongoing
developmental changes inherent in adolescent brain composition, to bridge the gap between
students' cognitive capacity and its impact on teaching and learning(Cole, 2008; Discovery
Education, 2017; Eliot, 2009; "Families and Youth," 2019).

Educators should strive to provide safe, active learning environments where students
could take risks, participate in an academic discussion with their peers, and build supportive
relationships with both students and adults as to help strengthen students' social and emotional
competence (Cole, 2008; Willis, 2007; Yoder, 2014). Teachers must be aware of how their
students learn and value the students' knowledge acquired outside of the classroom. Teachers
should involve students in instruction design and decision-making (Discovery Education, 2017;
"Male and Female Brains Are Not the Same," 2018). Teachers could be instrumental in helping
their students to integrate learning by seeing mistakes as learning opportunities. Teachers could
encourage a positive attitude toward academic challenges in the young mind by focusing on the

learner's effort and progress. By concentrating on abilities in a variety of different situations and
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contexts, teachers could enable students to use what they know (Dweck, Walton, & Cohen, 2014;
Dweck, 2016; Discovery Education, 2017; Spinks, 2002).

Effective instructional strategies, such as PBL, could inspire bored students and raise
their level of understanding and achievement (Usher & Kober, 2012). Student-centered
approaches like PBL allow students to learn core information and develop knowledge through
the active use of experience (Delisle, 1997; Krajcik et al., 1999). PBL has demonstrated a
positive impact on student attitude and aptitude (Doppelt, 2009; Saleh, Cox, Fowler, & Duncan-
Shemwell, 2010). Projects could stimulate students and increase student interest by involving
students in solving authentic problems while working with others ("Motivating Students," 2019).
Unfortunately, low-level tasks (use of worksheets) that are more prevalent in schools cause
students to develop a lack of real understanding of the content and a poor attitude toward
learning and schooling (Oberg, 2010).

PBL and differentiated instruction. The currently existing traditional system of
education is highly compartmentalized and does not allow students to transfer knowledge learned
in one domain to another quickly (Scott, 2015). Real-world problem-solving requires students to
use information from multiple areas ("2 1st Century Skills for Students and Teachers," 2010).
However, schools often ask students to solve domain-specific problems that lack real-world
connections (Thomas, 2000).

PBL's use of driving questions and active engagement as part of a benchmark lesson in
the context of the real world could differentiate PBL from didactic instruction. Because of an
emphasis on active involvement, PBL has the potential for meeting the different learning needs
of diverse students by helping them to develop long-term learning skills (NYC Department of

Education, 2009; Hmelo-Silver, 2004). Using PBL, science teachers could plan and design
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differentiated lessons and projects aligned with their students' abilities and interests (Seo,
Templeton, & Pellegrino, 2008). By considering student abilities and interests, teachers could
intentionally create a differentiated learning environment (Habok & Nagy, 2016; Subban, 2006).

Providing access to information does not guarantee that it will be useful to the teachers
and the students. The design of subject-matter curriculum and project support materials must
enhance the teachers' knowledge base and help them to adapt existing projects or generate new
ones considering their teaching circumstances and students (Clayton-Pederson & O'Neal, 2018;
Kwek, 2011). The design, organization, and structure of data must support students' cognitive
competence and help them while they are working on authentic tasks (Apedoe, Ellefson, &
Schunn, 2012).

Development of a curriculum that attends to critical relations between learning and
thinking must include projects with focused and meaningful units of instruction that integrate
educational objectives and priorities as well as concepts from other disciplines or field of studies
(Apedoe et al., 2012; Krajcik et al., 1999). PBL projects allow students to become responsible
for their learning process by engaging with authentic scientific experiences that allow for the
collaborative discovery of solutions to a real-world problem using an interdisciplinary approach.
In this way, students develop the skills needed to apply knowledge previously gained by actively
planning, designing, organizing, and carrying out activities such as investigations, presentations,
and interviews. Projects have the potential to enhance understanding because they allow
students to acquire and apply information, formulate plans, track progress, and evaluate solutions
(Curtis, 2002). Reflection and goal setting must be essential components of any project.

Teachers would need to ask students to reflect on their work and set goals for their

progress. Teachers could further assist students by creating mini-lessons around specific student
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learning goals (Department of Education and Training Melbourne, 2017). To differentiate
instruction and support their students learning needs, teachers could use mini-lessons and
learning centers. Teachers could provide students with mini-lessons and resources at teaching
stations, depending on the individual requirements of the students. Thoughtfully designed and
implemented projects could be more effective than traditional instruction for teaching concepts
and helping students to develop long-term retention and recall (Aloisi, Major, Coe, & Higgins,
2014). However, when the projects focus on what students could create or do at the end of a unit
without the process of investigation and element of discovery, projects fail to engage students in
authentic learning (Saleh et al., 2010).

Due to an emphasis on innovation and transfer of knowledge, PBL could engage and
encourage students (Kanter, 2009). Research has shown that students would be more likely to
participate in authentic problem-solving using scientific principles and processes such as the
scientific method, engineering design principles, sampling methods, and measurement skills
(American Chemical Society, 2012; California Department of Education, 2016; McCright, 2012;
Singer, Nielsen, & Schweingruber, 2012). Students would be more encouraged to learn when
provided with choices in how they are to complete the work. Tasks that are authentic and
challenging connect new ideas to prior knowledge, generate artifacts as an effective method of
knowledge construction and closure, enhance student interests (Blumenfeld et al., 1991;
Tinzmann et al., 1990). By allowing students to connect new information with previously
acquired knowledge and real-world problems, PBL could incentivize students to develop a
broad, integrated understanding of content and process rather than memorization of random facts

(Curtis, 2002; Remmen & Froyland, 2014).
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Sustained inquiry based on relevant and meaningful questions that meet the interests,
abilities, and experiences of students has always been one of the hallmarks of science (Holbrook,
2009). In the absence of sustained inquiry, students memorize scientific information without
understanding. Memorization could lead to gaining of inert scientific knowledge, but
memorization could not explain the scientific phenomenon (Discovery Education, 2017;
"Families and Youth," 2019; Jantz, 2014; Lenroot & Giedd, 2010; Lujan & DiCarlo, 2006).
However, the use of significant issues or problems in science based on authentic experiences
could reinforce conceptual understanding in a PBL classroom.

By enticing students with higher-order thinking tasks that allow the internalization of
knowledge and comprehension, PBL could be used to improve students' scientific experience
(American Chemical Society, 2012; Apedoe, Ellefson, & Schunn, 2012; Delisle, 1997;
Discovery Education, 2017; "Families and Youth," 2019; Krajcik et al., 1999; Krajcik et al.,
2007; Nextgenscience.org, 2013). Multidisciplinary science instruction could encourage the
investigation of problems relevant to the context of real-life, thus drive students to understand
subject matter content (California Department of Education, 2016).

Research has shown that learners construct knowledge by solving complex problems
involving the use of multiple sources of information as well as other individuals as resources
(Apedoe et al., 2012; Michaels et al., 2008). By working with various ideas students would be
able to find information, plan, and design, build apparatus, collect data, analyze data, draw
conclusions, and communicate findings through the creation of a concept map and generation of
artifacts (Blumenfeld et al., 1991; Grant & Branch, 2005; Krajcik et al., 1999; Krajcik et al.,

2007; Krajcik & Czerniak, 2014; Thomas, 2000; Tseng, Chang, Lou, & Chen, 2013).
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A significant part of the ability to think like a scientist is the capacity to picture oneself as
a scientist. By using PBL, students who work with scientists in the field and contribute to real-
world research could see themselves as partner experts and take pride in their work and use of
professional language and tools (Cole, 2008, National Education Association, 2012). Students
could have a chance to deal with different challenges and solve problems in their learning
process like adults in professional practice (Larmer, Mergendoller, & Boss, 2015). Their skills
in scientific inquiry, use of instruments, observations, hypotheses, and data analysis skills
improve as they gain experience (Boss & Krauss, 2007; Moursund, 2003; US Department of
Education, 2017).

PBL and technology. The technology could help transform the science classroom into
an environment in which learners actively construct knowledge (Groff, 2013; Guzey & Roehrig,
2016; McKnight et al., 2015). In PBL, teachers design the plans to support the teaching of
required concepts. Still, the use of technology would help them to overcome the boundaries of
the classroom to develop a more productive classroom environment (Blumenfeld, Krajcik, Marx
& Soloway, 1994; Boss, 2015). The use of technology would make it possible for projects to
become more than an event at the end of a unit of instruction. Engaging in real-world projects
could change students’ perspectives on learning (Klopfer, Osterweil, Groff, & Haas, 2009).

Although the use of technology may lead to improved understanding of scientific
concepts, it should not be a replacement for students conducting an experiment or observing
phenomena (Science Teaching Reconsidered: A Handbook, 1997). Students develop scientific
beliefs as they do tests and make observations. However, the use of technology in PBL could
assist teachers and students in carrying out investigations and develop products when the concept

under investigation could not be studied within the confines of classroom space (Chanlin, 2008;
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Finn & Ravitch, 1995). Technology integrated as a tool could help learners and teachers to gain
access to information that may not otherwise be accessible as they work that toward achieving
their learning goals (Boss & Krauss, 2007).

The implantation of technology in a collaborative environment alongside concept and
skill learning processes using digital resources as part of PBL lesson plans has the potential to
bring about the best learning outcomes for students during the critical middle school years
(Apedoe, Ellefson, & Schunn, 2012; Krajcik et al., 1999; Seo et al., 2008). Although some
awareness of the use of technology may be helpful before integrating PBL into any classroom,
students and teachers do not need to have lots of expertise to use technology as part of the PBL
lesson (http://www .battelleforkids.org/networks/p21). Students, as well as educators, could learn
how to use various forms of technology during the process of integration (Moursund, 2003). A
combination of PBL and technology could provide students with an opportunity to transfer
knowledge learned from one area to another in a collaborative learning environment by focusing
on solving a problem or accomplishing a task (Hmelo-Silver, 2004; Laboy-Rush, 2009). By
creating their digital projects, students not only enhance their understanding of new materials but
also connect concepts learned with authentic real-life examples (Groff, 2013; Kwek, 2011;
Klopfer et al., 2009; U.S. Department of Education, 2017).

Through the routine use of technology to carry out the work in collaborative projects,
pupils could learn from one another, build upon existing knowledge, and ultimately become
independent, life-long learners (Dooly & Sadler, 2016). Using digital devices, students could
learn to collect information from multiple sources and share information with others while
developing content area expertise (Moursund, 2003). Access to a broader community of

knowledgeable individuals and resources and ideas that others have to offer in different parts of
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the world could enable students to learn and share thoughts and ideas with other student
scientists and professional researchers (U.S. Department of Education, 2017). Access to
technology along with ability to collaborate and share in real-time with others, as well as ability
to use tools for collection and analysis of data and production of artifacts, could lead to a more
authentic classroom atmosphere (Cole, 2008; Krajcik, Czerniak, & Berger, 1999; Lipponen et al.,
2003; National Education Association, 2012).

Collaborative Learning Environment

The educators must concern themselves with authentic questions that set the stage for
classroom activities if they would like to develop students' minds by engaging them in a
thorough understanding of curricular content (Kanter, 2009). Using collaborative learning
strategies such as PBL, teachers, and curriculum designers could integrate knowledge gained
from studying students' hobbies with the academic subject matter to generate an educationally
rich environment (Kanter, 2009). More challenging and enjoyable ways to learn, such as
collaborative learning, could promote a more engaging and meaningful learning experience for
students (Fernandes, Mesquita, Flores, & Lima, 2014).

According to Krajcik, Czerniak, and Berger (1999), traditional learning environments
could not measure students' ability to work as a team, show how students could apply their
knowledge and skills to everyday life, nor would they prove that students could design and plan
investigations. However, teachers could foster students' collaborative skills, help, and hold
students accountable for their learning through the creation of a collaborative environment like
PBL in the classroom ("Implementing Group Work in the Classroom," 2018; Tinzmann et al.,
1990). Collaborative environments could allow the students to investigate critical driving

questions, learn science concepts, form conclusions, use technology, develop products or
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artifacts that address the problem, and present findings (Habok & Nagy, 2016; NYC Department
of Education, 2009). By implementing PBL in a well-managed structured environment, teachers
could create opportunities for learning by providing students with access to authentic research,
guiding students to solve problems, and making tasks more manageable. Additionally, teachers
could assess progress, diagnose issues, provide feedback, and evaluate overall results
(Blumenfeld et al., 1991; McCright, 2012).

Years of research into collaborative work have shown that regardless of academic
achievement level, students who work together show improvement in standardized test scores,
study skills, and organizational skills (Bruffee, 1998; Kelly, 2002; Wenglinsky, 2001). Often
students learn better from their peers because their peers could translate difficult vocabulary into
a language understandable by students (Davis, 2012). When students work with others, they
have an opportunity for discussion of ideas (Curtis, 2002). When students work together, not
only could they imitate what others are doing but also discuss the task and make thinking visible
(Brame & Biel, 2015). When students work collaboratively, they control their learning through
their choices (Remmen & Froyland, 2014). Working in small groups, students could work on a
different aspect of the problem with different ideas that could lead to a solution.

The use of PBL could encourage students to work collaboratively with others to solve
problems, share ideas, promote responsibility, develop literacy and critical thinking skills
(Blumenfeld et al., 1991; Brame & Biel, 2015; Curtis, 2002; Frank & Barzilai, 2004). However,
because students may have gaps in their knowledge, which can interfere with their ability to
work collaboratively toward completion of PBL activities, teachers would need to establish
classroom environments where students would be expected to collaborate with others

respectfully, exchange ideas and negotiate meaning (Apedoe et al., 2012). By using PBL,
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teachers could help students gain the level of knowledge, broad problem-solving, and
communication skills needed to address real-world problems (US Department of Education,
2017; Moursund, 2003). Thinking about an authentic issue could help students to consider how
to design, build, and assess their final products. Student presentation of final projects would help
them to develop their communication and presentation skills. Products allow students to engage
in authentic learning with real-world connections while working collaboratively to solve
problems (Boss & Krauss, 2007). This method of education could enable students to build
competencies by working on multifaceted projects (Doppelt, 2009).

Much of science learning is hands-on. Still, there are times when it may not be practical
or possible for students to participate in specific science activities because of cost, time, safety,
or accessibility issues. Research has indicated that students with learning, language, emotional
and behavioral disabilities, and those with limited English proficiency, benefit from collaborative
learning opportunities (Navarrete & Watson, 2013). Collaborative technology tools such as
computer simulations could be a useful approach to and augment what is already happening in
the classroom. Simulations and virtual labs could allow students to explore complex topics and
tasks in the same ways that professional scientists do (Akpan, 2001; Boss & Krauss, 2007; Seo,
Templeton, & Pellegrino, 2008). Simulations and virtual labs could be especially helpful for
students with disabilities. Students with physical limitations may not be able to experiment
because of their physical disabilities. However, they could complete a simulation that permits
them to see and interact with a scientific model for first-hand observations (Hasselbring &
Glaser, 2000). Scientists routinely use many technological instruments in their daily work.

Although students may not have access to many of these tools in the classroom, they

could use simulations and multimedia tools to work as scientists, collaborate with their peers,
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model scientific processes, conduct virtual experiments, and actively participate in research with
scientists locally and around the world (Guzey & Roehrig, 2016). Students could learn to think
like scientists, develop scientific language and engage in an authentic scientific discussion by
making observations, forming hypotheses, debating each other's work and ideas, and providing
feedback (UNESCO, 2010; NYC Department of Education, 2009). Using PBL could provide
students with more knowledge, skills, and time than working alone

(http://www .battelleforkids.org/networks/p21; Railsback, 2002). By working collaboratively to
pursue solutions to driving problems, anchored in real-world situations, students develop a
meaningful understanding of fundamental scientific concepts (Krajcik et al., 1999; Krajcik et al.,
2007).

Collaborative learning tools could foster discussion, help students develop reasoning
skills, confront scientific misconceptions, and refine theories. The device or software selected
could allow students to manipulate an object or image and view a scientific concept in many
ways (Hasselbring & Glaser, 2000). Being able to manage pictures and information could help
students to retain concepts better. The use of digital documents could enable students to revisit
their artifacts and develop their ideas further by using multiple digital resources in the same way
that scientists in the field do (US Department of Education, 2017). A computer interfaced with
electronic probes could detect temperature, voltage, light intensity, sound, distance, dissolved
oxygen, or pH. The probes could digitally record and graph the data collected. The graphical
data collected could allow students to see trends in their data and focus on the concepts they are
exploring and ask new questions related to the experiment (Klopfer, Groff, Hass, & Osterweil,

2009; US Department of Education, 2017).
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Assessment and PBL

To succeed in the world, young people not only need to develop critical thinking and
problem-solving skills but also practical skills and knowledge required for college and career
readiness ("21st Century Skills for Students and Teachers," 2010). The goal of education
curricula should be to help students develop twenty-first-century skills rather than solely
focusing on curricular learning outcomes. Teachers should engage in the ongoing evaluation of
their teaching, to help themselves, parents, and the public as well as policymakers to improve
instruction and focus on what society values most in education (Stanovich & Stanovich, 2003).

The elements of college and career readiness could be assessed and efficiently taught.
However, most U.S. schools continue to measure students' progress by testing them only on a
prescribed set of state and national standards ("Assess Teaching and Learning," 2016). Schools
have continued to use standardized, multiple-choice tests despite the lack of provision of useful
information about students' progress toward long-term goals (Organization for Economic
Cooperation and Development, 2008). Standardized tests like the Partnership for Assessment of
Readiness for College and Careers (PARCC) and Smarter Balanced Assessment Consortium
(SBAC) assessments appear to offer some improvements over existing state tests by asking
students to analyze complex texts and respond to challenging writing prompts. However, by
focusing on language arts and math, they fail to offer any information about real readiness for
college and careers (McGroarty & Robbins, 2012). By comparing students' curriculum-based
performance and growth with similar groups of students enrolled in independent private schools,
suburban public schools, and district norms, standardized tests such as CTP4 can provide
detailed reporting using scaled scores, stanines, and percentiles to inform instruction and learning

(Educational Records Bureau, 2017).
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Teaching methods and assessment tasks should integrate and align with the educational
standards to allow the students to participate in the process of discovery and learning through
meaningful activities (Oberg, 2010; Remmen & Froyland, 2014). A significant understanding of
standards-based curriculum and instruction not only meets the purpose of classroom
accountability but also addresses the need to help individual students to use what they have
learned to solve problems as evidence of active learning (Kanter, 2009).

Assessment should not be limited to traditional tests given for purposes of generating
grades (Aviles & Grayson, 2017). Traditional paper and pencil tests could provide teachers with
a limited amount of information about each student. Traditional tests only allow teachers to see
the final answer given by a student, without letting the teacher know how the student arrived at
that answer (Cole, 2008). Infusion of creative thinking into the design of authentic projects has
the potential to help teachers change their teaching methods and adopt alternative assessment
methods that consider pupils' different learning styles and informs their teaching (Curtis, 2002;
Guskey, 2003; Oberg, 2010). By using alternative assessments with clear expectations, teachers
could create appropriate, motivating, and differentiated classroom instruction that could help all
students succeed (Oberg, 2010).

A major criticism of current science education has been the level of emphasis placed on
solving well-defined, closed issues (UNESCO, 2010). Alternative assessments that measure
critical thinking skills such as performance assessments, persuasive essays, projects, and student
portfolios provide opportunities for students to demonstrate that they grasp the overall
significance of what they have learned. The use of alternative assessments could allow students
to display their knowledge and skill levels while providing teachers with the needed opportunity

to get to know their students (Educational Testing Service, 2003). Because different learners
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would respond to different assessment methods differently, a variety of assessment techniques
could ensure appropriate assessment of all students. By using a variety of forms of evaluations,
teachers could let students express understanding in ways consistent with their strengths
(Educational Testing Service, 2003, Thomas, Allman, & Beech, 2004). Resources such as
graphic organizers could allow teachers to do a formative evaluation of ongoing learning while a
finished product could enable teachers to do summative assessments (Krajcik et al., 1999).
Continuous and purposeful formative and summative assessments that provide teachers with a
comprehensive understanding of the students' knowledge and skill levels can ensure academic
progress for all students while preventing loss of instructional time (Oberg, 2010; Krajcik et al.,
1999).

The use of a range of evaluation practices within their curriculum could help teachers
with the creation of engaging lesson plans that meet instructional needs of the student, according
to their abilities and skill levels based on the assessment data (Guskey, 2003; Department of
Education and Training Melbourne, 2017). The evaluation process would also need to include
student interpretations of their learning using self-evaluation techniques such as journal
reflections (Oberg, 2010; Krajcik et al., 1999).

Student projects created using digital media that show their learning could provide
opportunities for teachers to do authentic assessments and develop differentiated instruction
based on students' knowledge levels and learning goals (NYC Department of Education, 2009).
By embedding evaluation consistent with the process of inquiry and investigation into the
curriculum, instructors would be able to measure what the students have learned based on the
lessons taught (Ruiz-Primo & Furtak, 2006). Alternative assessments that show what students

have learned, such as performance tasks, student contribution to classroom discussions, ability to
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solve problems and the teacher's observations within the classroom setting could provide
teachers with critical information needed to create a curriculum aligned to the students' skills and
interests. As concrete and explicit tools for learning, artifacts, or student-generated classroom
objects could allow students to build an understanding of the concepts studied. Members of the
community of learners could critique artifacts, thus providing students with opportunities to
revise their objects as they further their knowledge (Krajcik et al., 1999; Krajcik, Mcneill, &
Reiser, 2007).

In a learner-centered classroom, teachers provide the students with the learning
objectives, resources, assessment tools as guides for student learning ("Learner-Centered
Assessment," 2018). The hands-on experience with scientific content using PBL could create a
learning environment that allows students to work collaboratively with others and participate in
the assessment process (Kwek, 2011; Thomas, 2000). Students' ability to make choices in their
learning process could provide them with the opportunity to work cooperatively and
independently while providing teachers with the prospects for authentic assessment (Davis,
2012). Authentic and relevant evaluations could motivate students to become active participants
in their learning by allowing them to demonstrate their abilities and knowledge as they progress
toward college and career readiness (Oberg, 2010; Krajcik et al., 1999).

Impact of Teacher Attitude on the Implementation of Technology-integrated PBL

Implementation of PBL in the classroom involves several challenges. PBL
implementation would require the classroom teacher to know problem-solving strategies needed
and possesses a complete comprehension of the subject matter required to engage and challenge
the students as they carry out the project. The knowledge and the ability level of the teacher tend

to be the most powerful predictor of student success (Blumenfeld et al., 1991; Frank & Barzilai,
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2004). Many teachers have difficulty-implementing PBL because of their beliefs about learning
and teaching (Park & Ertmer, 2007; Thomas, 2000). The underlying principals involved in
project-based instruction could frequently be in direct opposition to teachers' views regarding
their role, the goals of education, and how students learn (Anderman, Sinatra, & Gray, 2012;
Habok & Nagy, 2016). Novice teachers leave preparation programs armed with classroom
management routines, whole-class activities, and assessment and accountability practices that
focus on fact retention (National Foundation for the Improvement of Education, 1999; Menzes &
Maier, 2014). Some teachers may view learning as a process of obtaining information and
motivation as a problem of developing favorable attitudes rather than active engagement
(Blumenfeld et al., 1991; Frank & Barzilai, 2004). Teachers may not want to enact PBL in the
classroom because of the belief that projects could prevent the teaching of content due to
students' interest in their projects (Fernandes, Mesquita, Flores, & Lima, 2014). PBL represents
a fundamental shift from how the teachers learned science. Therefore, teachers find the
implementation of PBL challenging (Blumenfeld et al., 1991; Kanter, 2009; Jenkins, Williams,
Moyer, George, & Foster, 2016).

Teachers who implement PBL must not only understand scientific content but also teach
science as a process. PBL teachers could demonstrate skills such as observing, predicting,
graphing, investigating, and answering questions while connecting the lesson with essential
concepts to help students understand why they are doing the activity (Apedoe et al., 2012;
Krajcik et al., 1999). Additionally, teachers need to have the ability to create student-centered
lesson plans that teach thinking and problem-solving strategies essential in helping students who
may feel frustrated in a non-traditional learning environment that requires more effort on their

part.
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PBL teachers could teach not only academic subject areas but also skills such as
collaboration, communication, and problem-solving to equip students for success in the twenty-
first century using a student-centered approach (Cheng et al., 2008). PBL teachers support
students' application of knowledge using several strategies. Because children come to school
with prior understandings of their world, PBL teachers could create learning environments that
encourage the students to revise and expand their viewpoint to integrate new ideas into their
knowledge of scientific concepts. By allowing students to ask questions, dialogue with a
community of learners, and make predictions, teachers could help students to gain confidence in
their abilities. Teachers could help their students to make connections, develop an in-depth
understanding, and construct knowledge by interacting with others (Frank & Barzilai, 2004;
Krajcik et al., 1999). By implementing PBL in the classroom, teachers could help students to
develop an integrated understanding by providing students with opportunities to use and apply
their knowledge, thus retaining more of the information learned in the classroom (Thomas,
2000).

PBL classroom activities often involve students in planning and carrying on
investigations. PBL activities could provide students with opportunities to develop a robust,
integrated understanding of learned concepts and application of skills to new situations while
answering the driving question (NYC Department of Education, 2009). Application of learned
concepts and skills to new circumstances could help students to build connections between the
new ideas and old ideas (How People Learn Brain, Mind, Experience, and School, 2000).
Additionally, by providing multiple resources such as books, journals, science equipment,

supplies, and computers, PBL teachers could help the students to develop further understanding
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by seeing different presentations of the same information (Glowa & Goodell, 2016; National
Education Association, 2012).

PBL teachers provide students with time for reflection on how they used material learned
in the classroom to improve their world (Guzey & Roehrig, 2016). In science, reflection requires
students to think about alternative questions, consider new possible hypotheses, and view
different answers based on the conclusions found (Delisle, 1997; Krajcik et al., 1999). The cycle
of asking and refining questions, brainstorming ideas, making predictions, designing
experiments, gathering information, collecting, and analyzing data, drawing conclusions, and
communicating ideas with others could help students to construct a solid integrated
understanding of the topic and related concepts (NYC Department of Education, 2009).

PBL has changed the way teachers provide classroom instruction from a reception
approach to a transformational approach. The use of technology means that teachers are no
longer the only source of information in the classroom. In a PBL classroom teacher serves as a
guide in the classroom, encouraging student exploration, and learning, not as a presenter of
knowledge (Groff, 2013). Teachers' role has changed from a lecturer to more of a consultant or
an advisor (Frank & Barzilai, 2004). As teachers use PBL, they also develop their understanding
of teaching and learning to become a guide for students through the process of learning. PBL
teachers enable students to interact more with each other more than with the teacher (Delisle,
1997). Teachers who embrace the role reversal could become more motivated as teachers and
lifelong learners (Goos et al., 2000).

Managing elementary and middle grades classrooms could be challenging tasks whenever
teachers try new ideas (Beaty-O'Ferrall, Green, & Hanna, 2010). Teacher's style of classroom

management and the importance they place on performance could create classroom conditions
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that affect whether students would choose to pursue learning or performance goals while
working on projects (Hannah, 2013). Although the implementation of PBL could present
teachers with classroom management challenges, teachers who implement PBL report fewer
disciplinary problems due to the high levels of student engagement (Krajcik, Mcneill, & Reiser,
2007).

Regardless of the teacher's style, classroom projects could create ambiguity for students
about evaluation and what counts as an acceptable artifact (Blumenfeld et al., 1991; Krajcik et
al., 1999). By implementing PBL in the classroom, teachers must balance students' need for a
choice with their own need to have students learn content defined by state curricular mandates
and selection of student artifacts that demonstrate subject matter understanding. By emphasizing
learning over grades, PBL teachers encourage risk-taking. By focusing on proficiency rather
than performance, PBL teachers change the learning environment by using an evaluation
criterion that looks at proficiency rather than performance (Brookhart, 2008).

Although there could be a connection between the desire to learn and instruction, creating
a desire to learn does not necessarily translate into a higher student cognitive involvement.
Research has shown that teachers could influence students using instructional practices that
encourage active learning on the part of students and hold students accountable for
understanding (Blumenfeld et al., 1991). However, it is no less important to examine how
teachers can be encouraged to create and implement active learning strategies such as PBL in the
confines of their classrooms ("Center on Education Policy," 2019; Gbollie & Keamu, 2017;

Hightower et al., 2011; Schaps, 1992).
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Impact of the Level of Administrative Support for the Implementation of Technology-
integrated PBL

PBL leaders must have a significant understanding of the content and understand the
project design process. Leaders must also be familiar with project assessments and be able to
promote twenty-first-century skills (Larmer et al., 2015). Leaders must be comfortable in shared
leadership models and be able to develop a culture of inquiry, teacher collaboration, student-
centered classrooms, and rigorous learning environment. Shared leadership opportunities could
help the leaders to pinpoint, use, and rely upon the expertise of the school community to define
direction and vision (Leithwood et al., 2004). System change could be much easier to
accomplish when teachers initiate changes in the learning process (Boyd-Dimock & McGree,
1995).

Through the revision of and reflection upon the school mission, leaders could form
cohesive and coherent progress (Knapp, Copland, & Talbert, 2003). Leaders could help their
staff manage the change by continually communicating expectations and creating structures that
support staff growth and progress in a culture of professionalism, transparency, respect, trust,
common purpose, and a shared vision ("National Association of Elementary School Principles,"
2013). To create the kind of environment necessary for student-centered approaches,
administrators must make a difference with the people directly involved with them (Mulford,
2003). Leaders could help support the PBL process by creating a school structure conducive to
the implementation of PBL. By creating a positive atmosphere, leaders could be instrumental in
constructing circumstances that support their staff through challenges (Chen, 2011). The support
administrators provide teachers could be critical in creating an environment conducive to new

approaches and innovative techniques. Through administrative support, teachers feel the
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confidence to try and the courage to proceed ("National Association of Elementary School
Principles," 2013).

Administrators could support the implementation of technology-integrated PBL by
creating an environment where the teachers feel empowered to try new and creative teaching
strategies that directly influence the success of the students (U.S. Department of Education,
2017; Sheninger & Murray, 2017). Administrators could help their faculty to see how the new
and innovative ideas fit in with the mission of the school and improved student performance on
high stakes testing. Administrators could increase teacher empowerment and teacher morale by
allowing teachers to decide what and how to teach ("Building a School Culture that Supports
Teacher Leadership," 2015). By empowering teachers, administrators could encourage teachers
to accept leadership roles, share their knowledge and skills with the others on staff and learn new
skills that lead to an increase in student learning (Moran, 2015). Empowered teachers have a
stake in the school's success (Gardner-Webb University, 2018). Therefore, empowered teachers
could be more interested in collaboration with their colleagues and the improvement of the
school's performance through participation in data-driven decision-making. The data could
develop the basis for a shared vision (Leithwood et al., 2004).

Teacher collaboration must begin with a driving question that could help add purpose and
focus on the mission of the school. Leaders could help engage the students and staff by giving
them voice and choice, as well as shared leadership opportunities (Burgess& Bates, 2009). A
collaborative culture could have a substantial impact on the school community by creating more
effective teaching and attitudes toward innovative teaching strategies (Organization for
Economic Cooperation and Development, 2009). Administrators could set up a culture where

sharing ideas and creating projects together is an expected and inherent part of the curricular
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process (Fisher, Frey, & Pumpian, 2012). By establishing goals for collaboration, administrators
could help facilitate the exchange and transfer of knowledge from one participant to another.
Establishment of structured planning time with a clear set of expectations and outcomes by the
administrators could serve to provide teachers with needed instructional support and articulation
across departments (Sheninger & Murray, 2017). Additional benefits of administrative support
include access to resources, minimization of potential schedule conflicts and class interruptions,
and the creation of a sense of team spirit (Moran, 2015). Leaders could help with the
development of physical classroom structures, the creation of block periods, time for teacher
collaboration, ensuring that PBL meets the standards and alignment with other school initiatives
(Wolfe, 2012).

For PBL to succeed, administrators must support the staff by providing access to
professional development opportunities (P.D.). Effective P.D. should be long-term and focus on
the in-depth engagement of teachers rather than merely cover some materials and expect teachers
to absorb it (Gulamhussein, 2013; McConnell, Parker & Eberhardt, 2013). Effective P.D.
requires active learning. Teachers who participate in active learning would be more likely to
bring PBL into their classrooms. Through effective use of P.D., administrators could help to set
up a culture that invites participation and establishes a sense of ownership throughout the PBL
implementation process ("21st Century Skills for Students and Teachers," 2010; Habegger, 2008;
Red Clay Consolidated School District, 2011).

A culture built over time could help shape the way the faculty, student, and parents
interact. Leaders must understand the school's culture to ensure the success of any innovation
efforts. Administrators could help integrate PBL into the school structure and culture by

implementing school-wide projects, consistent assessments, collaborative project opportunities,
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and securing access to technology hardware and software. The integration of technology could
create a path for the inclusion of content combined with the ability to research, find, and present
information (Clayton-Pederson & O'Neal, 2018; U.S. Department of Education, 2017). The
integration of technology should not be a replacement for books, articles, maps, encyclopedias,
or other paper materials. Educational technology was designed to be one more resource in the
classroom for use by children as they learn (Blair, 2012). Use of digital and electronic resources
such as internet research, blogs, forums, electronic communications, and software along with
PBL to present final products could motivate students and encourage them to take responsibility
for their learning. The learner's progress when using educational technology could be self-
determined by the rate at which the pupil wishes to move forward. Technology integration may
change the classroom structure to a less controlled environment because not all learning would
be sequential, and not all knowledge would be dependent on instruction ("Centers for
Implementing Technology in Education," 2016). Therefore, teachers would need administrative
support to create environments that enable students to explore using computers throughout the
day and make choices in their learning (Moeller & Reitzes, 2011).

Administrators could facilitate bringing the real world into the school by helping students
gain access to internships and shadowing experiences, setting up interviews, and inviting guest
speakers (Fullan, 2002). Giving students opportunities and choices enables them to construct
their knowledge and take a leadership role in their education (Groff, 2013; Leithwood et al.,
2004).

Theoretical Foundations of PBL
With the emphasis on student outcomes in education, teachers have become challenged to

develop and implement effective and efficient strategies such as PBL that translate into student
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engagement and learning (Leithwood, Seashore Louis, Anderson, & Wahlstrom, 2004;
UNESCO, 2004). Use of PBL in the classroom has been supported by multiple theories such as
constructivism, situated learning, the theory of change and the theory of learning and awareness
by Marton and Booth (“What is theory of change,” n.d.; Krajcik et al., 1999, Marton & Booth,
1997; Moursund, 2003).

The Constructivist Theory

The constructivist theory (Jean Piaget) stated that students learn best when they could
create their knowledge in the context of their own experiences while actively engaged with an
authentic phenomenon, using, and applying knowledge, multiple representations, use of learning
communities in the same way scientist develop their understanding as they seek to answer
questions about the natural world. The constructivist theory stated that students build knowledge
and understand experiences based on their current and previous knowledge (Bada & Olusegun,
2015). Cognitive constructivism focused on student autonomy, personal attitude and aptitude,
and ownership of the learning process. Cognitive constructivist believed that prior knowledge
could promote inquiry with open-ended questions (Bada & Olusegun, 2015). Social
constructivism focused on real-world problems that are relevant and meaningful to the students
within a learning group. Social constructivist used activities encouraged the student to justify
their responses through discussion, questioning, and group presentations. The teacher's role was
then to help when requested (Kim, 2001).

In a constructivist classroom, students would interpret received information considering
pre-existing knowledge and experiences (Krajcik et al., 1999; Moursund, 2003). Although a
teacher may make decisions based on beliefs consistent with constructivism, constructivism does

not suggest how an individual should learn. Constructivism offers an account of how learners
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construct knowledge using the common elements of constructivist pedagogy such as being
student-centered, using different modes of instruction, creating opportunities for understanding
through purposeful group dialogue, exploring, scaffolding, interpreting, negotiating and creating
learners interact with the environment (Bada & Olusegun, 2015; "Education
Theory/Constructivism and Social Constructivism - UCD - CTAG," 2019; Kemp, 2014). When
learners deal with a more complicated task, they experience cognitive demands. Teachers will
need to consider the cognitive needs experienced by students and teach accordingly (Cole, 2008;
"Learning Theories," 2007).

PBL principles could promote lifelong learning through the process of inquiry and
constructivist learning. PBL encourages collaborative and self-directed learning. Using PBL
principles, students could create meaning and build personal interpretations of the world
(National Education Association, 2012). In PBL, learners could be given a problem and asked to
develop possible solutions through research and discussion within their group (Thomas, 2000).
The instructor would then guide rather than provide knowledge. From the social constructivist
perspective, feedback, and reflection on the learning process and group interactions would be
considered essential aspects of PBL (Brame & Biel, 2015).

The Situated Learning Theory

A critical aspect of learning activity could be the context and culture in which learning
occurs. In a situated learning theory classroom, learners become involved in a community of
practice in which both students and the teachers could be actively engaged in carrying out a
project in a supportive learning environment designed to facilitate learning that transfers to real-

world settings (Korthagen, 2009"; Moursund, 2003).
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Cognitively engaged and motivated students tend to learn more and remember materials
learned better than students who receive only didactic instruction (Johnson & Hayes, 2016).
Problems need to be relevant to students to help students be intrinsically motivated (Moursund,
2003). Inquiry-based teaching methods often used by PBL teachers focus on teaching how to
use science process skills such as observing and interpreting data (Friesen & Scott, 2013). PBL
could help students learn about the scientific method, develop a higher-order understanding,
tendency to ask questions, solve problems, and be willing to conduct investigations (Goldstein &
Bevins, 2016). PBL lessons could provide the needed environment in which students could learn
to work cooperatively with their peers as they explore and learn curriculum topics and social
skills (Moursund, 2003).

The Theory of Change

The significant level of attention placed on curricular reform has only recently expanded
to include the study of teacher development within the school setting (Peng et al., 2014). Using
the theory of change (Carole Weiss) as a process to promote change by defining goals and
desired outcomes and then mapping pathways backward in chronological order, organizations
could study the relationship between all steps of teacher training and development (“What is
theory of change,” n.d.). By breaking down long-term goals and objectives into several shorter-
term and observable outcomes, educational leaders could make informed decisions about
strategies for change and reflectively evaluate the organization’s plan for teacher training and
development (Fullan, 2006).

Closing the student-learning gap requires access to resources and a leadership committed
to capacity building that focuses on accountability (Michaels et al., 2008). Promoting capacity

building and motivating the people would allow for the flow of ideas among all levels of an
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organization that, in turn, would track outcomes at each step to ensure their actions lead to the
expected results (Fullan, 2006). Policies put in place by the leadership must allow for and
support innovation by creating an atmosphere of encouragement with relevant pathways that
could realistically achieve measurable data generated along the way. The data could then be used
to measure the success or the failure of the change pathways (“What is theory of change,” n.d.)
The Theory of Learning and Awareness

Marton and Booth (1997) developed the theory of learning and awareness to investigate
why some teaching methods were more effective than other strategies for producing meaningful
learning outcomes. This theory emerged as an approach to studying learning outcomes from the
viewpoint of different students' experiences to help them become aware that they could achieve a
better quality of education if they observed various facets of experience simultaneously so that
the part-whole relationship becomes apparent. By applying this approach, teachers could create
a learning space where students would learn by using a variety of experiences (Marton & Booth,
1997; Marton et al., 2004).

Students could see and learn through careful reflection and comparison with the teacher's
ways of seeing or teaching the lessons’ objective. As a result, the students could reach a deeper
understanding of the object of learning. The effectiveness of a given teaching method or
approach would depend on the ability of the process to allow the students to discern the critical
features of the object of learning and come to a better understanding of what must be learned
(Organization for Economic Cooperation and Development, 2009).

The theoretical concepts of discernment, simultaneity, and variation (Marton & Booth,
1997) could be used when analyzing learning as well as teaching. According to Marton and

Booth (1997), defined patterns of variation characterize ways of experiencing a phenomenon.
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Therefore, to experience an event in a certain way, one must experience every model of change.
The object of study would thus be to explore the extent to which teachers contribute to the
creation of a pattern of change in the classroom. Unless a change happens, students could not
differentiate the learning of different content and would not be able to develop their awareness
toward the specific content they might come across (Irvin et al., 2007). The change would be
necessary for creating intellectual challenges among students by allowing them to see similarities
and differences (Marton & Booth, 1997).

Quality learning involves a much higher level of cognitive construction of knowledge
rather than a simple function of the individual characteristics of a learner, the quantity of subject
expertise acquired by the students, and the pedagogies adopted by teachers (Department of
Education and Training Melbourne, 2017). Variations of a learning object, organized in
distinctive focal awareness concerning a particularly critical feature, allow students to see
differences and similarities by helping them to develop discernment and knowledge (Marton et
al., 2004). By doing so, students could make use of what they have learned to help with their
future learning and investigation. The knowledge they construct involves a higher cognitive
level because students need to organize, interpret, relate, and anticipate data they gather as
procedural and contextual knowledge (Kwan & Chan, 2004).

The contrast between contextual and procedural knowledge has been part of the
educational approaches to problem-solving as a basis for teaching science and technology
without enough empirical research of what happens in classrooms (Krange & Ludvigsen, 2008).
Procedural knowledge could be used in the performance of algorithms or procedures through

automatic and unconscious steps (McCormick, 1997). In contrast, conceptual knowledge could
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not be gained by rote as part of a more substantial body of knowledge, interrelated concepts,
rules, and even problems.

By implying that students must be able to build meaning for procedural knowledge
before mastering it, many researchers and educators assume a connection between procedural
knowledge and contextual knowledge (Joersz, 2017, Star & Stylianides, 2012, Schwartz, 2007).
Understanding how to follow a procedure to obtain an answer to a problem quickly could be
essential to studying science, but knowing how to follow procedures could not be considered the
essence of learning science (Brame & Biel, 2015).

Summary

This chapter explains the impact of the addition of technology-integrated PBL to the
existing science curriculum and instruction, teacher attitude toward implementation of
technology-integrated PBL and the importance of researching the relationship between
administrative support for the implementation of technology-integrated PBL and teachers'
attitude towards enacting technology-integrated PBL in the middle school science classrooms.
This study attempted to build upon currently available research through looking at the correlation
between the levels of administrative support on teachers' attitude towards implementing
technology-integrated PBL in a middle school science classroom, the students' attitude and
aptitude, and their levels of academic achievement on the standardized science test (CTP4).
Technology has enabled learners to locate and present information in multiple formats such as
text, graphics, and animation while retaining information and developing a deeper understanding
of concepts (Seo, Templeton, & Pellegrino, 2008). The integration of technology has
transformed the classroom and changed the teacher's role from the expert to the facilitator (Goos,

Galbraith, Renshaw, & Geiger, 2000). The implantation of technology in a collaborative
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environment alongside concept and skill learning processes using digital resources as part of
PBL lesson plans has the potential to bring about the best learning outcomes for students during
the critical middle school years (Apedoe, Ellefson, & Schunn, 2012). Along with access to
technology, the ability to collaborate and share in real-time with others, as well as the useful
tools for collection and analysis of data and production of artifacts, could lead to a more
authentic classroom atmosphere (Cole, 2008).

During adolescence, young brains experience one of the most critical periods of physical
changes since infancy. Middle school teachers need to have a thorough understanding of the
brain physiology of students to deliver curriculum and instruction in an active learning
environment (Boss & Krauss, 2007). Students in middle school have begun developing their
abilities to think abstractly about various ideas as they strive toward understanding themselves
relative to the world around them (American Psychological Association, 2002). Young students
may be motivated for different reasons. Some value proficiency versus ability, whereas learning
and not performance may drive others. Some students value learning, whereas others see
education as a means of earning grades, teacher, and parental approval, and avoiding
consequences (Blumenfeld et al., 1991; Pepper Rollins, 2017). Extrinsic motivational methods
might control immediate student behaviors; the behavior change may not continue to the next
task (US Office of Special Education Program, 2015). Intrinsically motivational methods help
students to become more engaged, self-regulate and use higher-level learning strategies (Cheng,
Lam, & Chan, 2008). Projects that challenge students help students to develop critical thinking
skills, work with limited resources such as time and money, develop personal responsibility for
completing the project on time and, build skills for future careers (Cheng, Lam, & Chan, 2008).

Through creation of learning opportunities that appeal to the young students' intellectual, social-
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emotional, physical, and moral developmental needs, teachers not only challenge their students
to develop and apply twenty-first-century skills in their everyday lives but also respond to their
desire for connection, affiliation, and self-assurance (Weigel, Davis, James, & Gardner, 2009).
Student-centered approaches like PBL allow students to learn core information and develop
understanding through the active use of knowledge (Delisle, 1997). Projects could stimulate
students and increase student interest by involving students in solving authentic problems while
working with others ("Motivating Students," 2019). Real-world problem-solving requires
students to use information from multiple areas ("21st Century Skills for Students and Teachers,"
2010). Because of an emphasis on active involvement, PBL has the potential for meeting the
different learning needs of diverse students by helping them to develop long-term learning skills
(NYC Department of Education, 2009). By considering student abilities and interests, teachers
could intentionally create a differentiated learning environment (Habok & Nagy, 2016). PBL
projects allow students to become responsible for their learning process by engaging with
authentic scientific experiences that allow for the collaborative discovery of solutions to a real-
world problem using an interdisciplinary approach. Research has shown that students would be
more likely to participate in authentic problem-solving using scientific principles and processes
such as the scientific method, engineering design principles, sampling methods, and
measurement skills (American Chemical Society, 2012). By allowing students to connect new
information with previously acquired knowledge and real-world problems, PBL could
incentivize students to develop a broad, integrated understanding of content and process rather
than memorization of random facts (Curtis, 2002).

According to Krajcik, Czerniak, and Berger (1999), traditional learning environments

could not measure students' ability to work as a team, show how students could apply their
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knowledge and skills to everyday life, nor would they prove that students could design and plan
investigations. However, teachers could foster students' collaborative skills, help, and hold
students accountable for their learning through the creation of a collaborative environment like
PBL in the classroom ("Implementing Group Work in the Classroom," 2018). Teaching methods
and assessment tasks that integrate and align with the educational standards to allow the students
to participate in the process of discovery and learning through meaningful activities (Oberg,
2010) along with the use of alternative assessments could enable students to display their
knowledge and skill levels while providing teachers with the needed opportunity to get to know
their students (Educational Testing Service.Org [ETS], 2003). Because different learners would
respond to different assessment methods differently, a variety of assessment techniques could
ensure appropriate assessment of all students. Infusion of creative thinking into the design of
authentic projects has the potential to help teachers change their teaching methods and adopt
alternative assessment methods that consider pupils' different learning styles and informs their
teaching (Curtis, 2002). Student projects created using digital media that show their learning
could provide opportunities for teachers to do authentic assessments and develop differentiated
instruction based on students' knowledge levels and learning goals (Galvan & Coronado 2014;
NYC Department of Education, 2009). Continuous and purposeful formative and summative
assessments that provide teachers with a comprehensive understanding of the students'
knowledge and skill levels can ensure academic progress for all students while preventing loss of
instructional time (Oberg, 2010)

PBL teachers should demonstrate skills such as observing, predicting, graphing,
investigating, and answering questions while connecting the lesson with essential concepts to

help students understand why they are doing the activity (Apedoe et al., 2012).
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Additionally, teachers need to have the ability to create student-centered lesson plans that
teach thinking and problem-solving strategies essential in helping students who may feel
frustrated in a non-traditional learning environment that requires more effort on their part. PBL
teachers should teach not only academic subject areas but also skills such as collaboration,
communication, and problem-solving to equip students for success in the twenty-first century
using a student-centered approach (Cheng et al., 2008). PBL teachers need to create learning
environments that encourage the students to revise and expand their viewpoint to integrate new
ideas into their understanding of scientific concepts. By implementing PBL in the classroom,
teachers could help students to develop an integrated knowledge by providing students with
opportunities to use and apply their knowledge, thus retaining more of the information learned in
the classroom (Thomas, 2000). PBL activities could provide students with opportunities to
develop a robust, integrated understanding of learned concepts and application of skills to new
situations while answering the driving question (NYC Department of Education, 2009). PBL
teachers could help the students to develop further understanding by seeing different
presentations of the same information (Glowa & Goodell, 2016). PBL teachers provide students
with time for reflection on how they used material learned in the classroom to improve their
world (Guzey & Roehrig, 2016). PBL teachers enable students to interact more with each other
more than with the teacher (Delisle, 1997). Teachers who embrace the role reversal could
become more motivated as teachers and lifelong learners (Goos et al., 2000). By implementing
PBL in the classroom, teachers must balance students' need for a choice with their need to have
students learn content defined by state curricular mandates and selection of student artifacts that

demonstrate subject matter understanding.
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The support administrators provide teachers could be critical in creating an environment
conducive to new approaches and innovative techniques. Administrators could support the
implementation of technology-integrated PBL by creating a situation where the teachers feel
empowered to try new and creative teaching strategies that directly influence the success of the
students (US Department of Education, 2017). Administrators could help their faculty to see
how the new and innovative ideas fit in with the mission of the school and improved student
performance on high stakes testing. By empowering teachers, administrators could encourage
teachers to accept leadership roles, share their knowledge and skills with the others on staff and
learn new skills that lead to an increase in student learning (Moran, 2015). Empowered teachers
could be more interested in collaboration with their colleagues and the improvement of the
school's performance through participation in data-driven decision-making.

Use of PBL in the classroom has been supported by multiple theories such as
constructivism, situated learning, the theory of change and the theory of learning and awareness
by Marton and Booth (“What is theory of change,” n.d.; Krajcik et al., 1999, Marton & Booth,
1997; Moursund, 2003). The constructivist theory (Jean Piaget) stated that students learn best
when they could create their knowledge in the context of their own experiences while actively
engaged with an authentic phenomenon, using, and applying knowledge, multiple
representations, use of learning communities in the same way scientist develop their
understanding as they seek to answer questions about the natural world. In a situated learning
theory classroom, learners become involved in a community of practice in which both students
and the teachers could be actively engaged in carrying out a project in a supportive learning
environment designed to facilitate learning that transfers to real-world settings (Korthagen,

2009".; Moursund, 2003). Using the theory of change (Carole Weiss) as a process to promote
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change by defining goals and desired outcomes and then mapping pathways backward in
chronological order, organizations could study the relationship between all steps of teacher
training and development (“What is theory of change,” n.d.). By breaking down long-term goals
and objectives into several shorter-term and observable outcomes, educational leaders could
make informed decisions about strategies for change and reflectively evaluate the organization's
plan for teacher training and development (Fullan, 2006). Marton and Booth (1997) developed
the theory of learning and awareness to investigate why some teaching methods were more
effective than other strategies for producing meaningful learning outcomes. This theory emerged
as an approach to studying learning outcomes from the viewpoint of different students'
experiences to help them become aware that they could achieve a better quality of education if
they observed various facets of experience simultaneously so that the part-whole relationship
becomes apparent. By applying this approach, teachers could create a learning space where
students would learn by using a variety of experiences (Marton & Booth, 1997; Marton et al.,

2004).
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CHAPTER 3: METHODOLOGY
Introduction

The purpose of implementing technology-integrated PBL in a middle school science
classroom was to learn if the use of this method of teaching would enhance the existing science
curriculum while adhering to the curriculum standards and lesson pacing guidelines.
Furthermore, the purpose of this realist ethnography study was to see if the addition of
technology-integrated PBL to other effective teaching strategies used in a science classroom
would lead to changes in students’ attitudes and aptitude, resulting in an improved overall
academic achievement for science. An additional purpose of this study was to learn if access to
an easy to use, lesson-planning platform, along with administrative support, could serve to
change the attitude of teachers with basic knowledge of technology toward implementation of
technology-integrated PBL in their classrooms to improve students’ levels of academic
achievement.

Ethnography, as the philosophical study of culture-sharing groups, involved the use of
key informants, observations, and open-ended interviews. As an observer, the ethnographer
recorded the behavior of the culture-sharing group using field notes. Field notes included notes,
photographs, video recording, as well as other artifacts that helped the ethnographer learn about
the culture-sharing group. The unique ethnographic methodologies and processes influenced this
mixed-method study by allowing the researcher to use firsthand knowledge gained through long-
term presence to paint a vivid picture of a culture-sharing group in a science classroom
(Creswell, 2013).

To gain an accurate description of the culture-sharing group, the researcher (realist

ethnographer) became involved in the daily routines of the participants under study. By
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combining the qualitative ethnographic methods with Quasi-experimental nested design, the
researcher attempted to ensure production of useful data that address the study’s guiding
questions and add to the existing body of knowledge about transformation of science education
in the twenty-first century (Sangasubana, 2011)

The methodology used in this study has been presented in this chapter. The chapter has
been organized into six sections: (a) setting and participants, (b) sampling procedure, (¢)
instrumentation and measures, (d) plan for data collection, () plan for data analysis, and (f) plan
to address ethical issues.

Research Questions

1. How could technology-integrated PBL be implemented in a middle school science
classroom as an augmentation to the existing curriculum while adhering to the curriculum
standards and lesson pacing guidelines?

2. How could the addition of technology-integrated PBL to other effective teaching
strategies used in a science classroom lead to changes in students’ attitude and aptitude,
resulting in an improved overall academic achievement for science?

3. What would be the impact of administrative support on the teachers’ attitude toward the
implementation of technology-integrated PBL to improve students’ levels of academic
achievement?

Setting and Participants

The goal of this ethnographic study was to develop an understanding of a culture-sharing
group (Creswell, 2013). The researcher, as a participant-observer, interacted with the student
participants daily within the context of the school and classroom environment to collect the data

needed for an understanding of the culture sharing group.



64

The researcher purposefully selected the middle school studied from a private school
organization located in Orange County, Southern California. The organization comprised of
four schools including three elementary schools (Pre-Kindergarten to eight-grade) and one high
school in urban settings. Each elementary school had one Director and one Assistant Director.
The high school had one Headmaster and one Assistant Headmaster and three Student Deans.
The number of teachers and non-academic staff varied at each campus, depending on the

number of students and programs at each location.

The total population of the student body was 1853 in Pre-Kindergarten to twelfth grade,
161 teachers, and 12 administrators (retrieved from the school's website). The students in this
study followed a schedule that consisted of nine periods, each approximately 42 minutes in
length. More specifically, the students' schedules included five core academic classes and four
to five encore (computer, arts/foreign language/physical education) classes with the remaining
time devoted to lunch and an elective course (retrieved from the school's website). This study
proceeded in the science class, one of the essential cores, yearlong academic courses. The
school administration and the students' parents or guardians granted permission to implement

the study.

The population for this study consisted of approximately 22 sixths, 27 sevenths and, 22
eighth grade students at the experimental site, about 40 eighth grade students at the control site,
one science teacher as a participant-observer (realist ethnographer) at the experimental site, and
one science teacher at the control site. Additionally, 12 teachers, three administrators

participated in the study.
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The students' ages ranged from 11 years old to 14 years old. All the students in the
sample attend regular education classes. The students' demographics consisted of primarily
Asian (54%); white (29%), Hispanic (7.9%) and African American (2%) and others (7%) come
from middle to high socioeconomic backgrounds. Classes have a mixed distribution of boys
and girls and educational skill levels (retrieved from the school's website). The participants in
the study were a non-random convenience sample because they were students who attended the
school as well as teachers and administrators employed by the organization who agreed to sign

the consent forms (Creswell, 2013).

Students within the organization have been participating in standardized testing for
mathematics, language arts, and science. The standardized testing outcomes show that the mean
scores for sixth, seventh, and eighth-grade students in math and language arts are routinely
higher than the mean scores of students in similar grade levels within surrounding school

districts (K.D. Robinette, personal communication, July 19, 2017).

As a long-term teacher, the researcher had previously established a relationship with the
student participants based on mutual trust and respect. The existing relationships provided the
researcher (as an ethnographer) with the opportunity to examine how technology-integrated,
PBL influenced the students' ability to interact with one another, discuss their choices, and
create collaborative relationships within the culture-sharing group. Furthermore, the researcher
was able to analyze the impact of technology-integrated PBL on the middle school students'
science achievement scores, and academic engagement during the implementation of

technology-integrated, PBL in the science classroom.
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Sampling Procedures

As described in Figure I, the mixed-method study using realist ethnography (qualitative)
and quasi-experimental design (quantitative) was conducted using six, seven, and eighth-grade
students enrolled at a private middle school as of August 2018. The non-random, convenience
sample at the experimental site comprised 71 six, seven, and eighth-grade students (retrieved
from the school's website), one science teacher who was also the researcher as a participant-
observer (ethnographer) at one of the middle schools within the private school organization. The
non-random, convenience sample at the control site included 40 eighth grade students and one
science teacher. Additionally, the researcher sampled 12 teachers and three administrators
within the private school organization (retrieved from the school's website).

In choosing the sample size of students and school staff, the researcher considered
convenience and practicalities of cost and time and availability. Therefore, the study sampled 18
six grade students (82 percent of the sample size of 22 students), 18 seventh-grade students (67
percent of the sample size of 27 students), and 14 Eighth-grade students (63 percent of the
sample size of 22 students). Additionally, the study sampled 12 teachers (7.45 % of the sample
size of 161 teachers), and three administrators (25 % of the sample size of 12 administrators).

The Concordia University Institutional Review Board (Appendix A) gave prior approval
for the data collection process involved in the research study to ensure compliance with the
Standards for Ethical Conduct of Research. Furthermore, the school site administrators gave the

researcher prior permission to research with little or no disruption to the activities at the school.
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The instruments used as part of this study have been shown in Figure 2.
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The sixth, seventh, and eighth-grade experimental science classrooms consisted of 71

students. The letters of consent that were provided for each pupil and their parents (Appendices

C, C2, C3, C4) explained the purpose of the study, what the participants would do, how the data

collected would be used and disclosed to obtain informed consent. The letter of consent

indicated that although all students would receive regular science instruction, using technology-

integrated PBL as an enhancement to the existing curriculum, the researcher would only collect

and use data from students who voluntarily consented to be participants in the study (Maxwell,

2013).

Furthermore, the letter of consent indicated that participation in the study was voluntary

and would not place the participants at undue risk. The researcher ensured the confidentiality of

the participants by using anonymous surveys, pseudonyms, and group data reporting.
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Furthermore, the destruction of the data collected at the end of the study meant that the data

collected could not be linked to individual participants.

Students who agreed to be participants (experimental group) were asked to complete an
online survey created using Google Forms (Appendix D) at the beginning and the end of the
study. The URL link for the survey was provided to the students via email (Appendix G).
Study participants were a convenience sample due to their enrollment in the school at the time
of the study. The survey was peer-reviewed before use in the study to ensure validity and
reliability. All surveys were designed using a Likert scale of measurement to be attractive,
organized, and easy to complete (Jacques et al., 2016). All questions and pages were numbered.
Instructions were designed with clarity and organization in mind. The researcher’s name was
included at the beginning, as well as at the end of the surveys. Questions were organized in a
logical sequence beginning with non-threatening questions early on to ensure participation of all

respondents.

Student participant survey was developed to collect data on student general background
information, how students learn, attitude toward the use of technology in the classroom, attitude
toward working in collaborative groups, attitude and aptitude toward science education and
students’ understanding of PBL (Frank & Barzilai, 2004, Blair, Czaja, & Blair, Harrigan, 2014;
McCright, 2012). The questions on the survey were intentionally phrased using the first-person
singular to obtain information from each student (Frank & Barzilai, 2004; Blair, Czaja, & Blair,
2014). The student participant survey (Appendix D) was examined for clarity of questions and
appropriateness of the content. The wording of student surveys considered the age and
comprehension level of the participants who were answering the questions. The survey

included questions concerning PBL, designed to check for accuracy of student responses, and
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draw out complete explanations. The survey questions included Likert scale questions, closed-
ended, dichotomous questions, as well as multiple coded, scaled, and open-ended questions

designed to get the students to provide additional information (Maxwell, 2013).

Upon completion of the study, the teachers, and administrators from all school sites
within the organization were invited to participate in online surveys created using Google Forms
(Appendices E & F) following a presentation by the researcher at a regularly scheduled in-
service meeting. A letter of consent that was provided for each staff member via email
(Appendix C1) explained the purpose of the study, what the participants would do, how the data
collected would be used, and disclosed to obtain informed consent from the staff participants.

The URL link for the survey was provided to the staff via email (Appendix H).

Staff members who agreed to participate in the survey were a convenience sample due to
employment with the organization during the study. The survey was peer-reviewed to ensure
validity and reliability. The staff surveys (Appendices E & F) were examined for the
organization, clarity of the instructions and questions as well as the appropriateness of the
content. The survey questions included Likert scale questions, closed-ended, dichotomous
questions as well as multiple coded, scaled, and open-ended questions designed to check for
accuracy of responses, and draw out complete explanations (Maxwell, 2013; Jacques et al.,
2016). All questions and pages were numbered. The researcher’s name was included at the
beginning, as well as at the end of the questionnaires and surveys. Questions were organized in
a logical sequence beginning with engaging and non-threatening items early on to ensure the
participation of all respondents. The questions on the survey were intentionally phrased using
the first-person singular to obtain each participating staff member’s general background

information, perceptions and attitudes toward collaborative work, understanding of students’
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learning styles, use of technology in the classroom, use of PBL in the classroom and role of
administrative support for teachers (Frank & Barzilai, 2004, Blair, Czaja, & Blair, 2014). Staff
survey also contained open-ended questions about the role of administrative support on teacher
attitude to implement technology in the classroom and the benefits and challenges involved in

the implementation of technology-integrated PBL (McCright, 2012).

PBL lesson plans (Appendix I) were developed based on the essential elements’ checklist
(Appendix J) required for a PBL Lesson plan. The essential elements checklist was developed
by the researcher using Buck institute guidelines for PBL lesson plan design and development
(https://www.bie.org/object/document/pbl_essential elements checklist). Problems were
designed by students using the problem development checklist (Appendix N) created by the
researcher. Using the problem development checklist (Appendix N), students were asked to
develop problems (questions) that were developmentally appropriate, utilize student personal
knowledge and experiences, consider student skills and resources and support classroom
curriculum goals (Bluemenfeld, Fishman, Krajcik, et al., 1999, Krajcik, Marx, & Solloway,

2000; Moursund, 2003).

The lesson plan evaluation rubric, created by the investigator (Appendix K), ensured that
the lesson plan contained literature-based criteria for PBL based on the principals of PBL. The
lesson plan was evaluated using a Likert scale that reflected if the lesson plan included a goal of
the project (lesson), the essential question, the relationship of the project with the real-life,
precise definition of the students’ and teacher’s role, the application of the acquired knowledge,
the interdisciplinary aspects of the project, the final product of the project, collaborative group
work, student conducted research, and the students’ areas of interest. The teacher’s role in the

lesson plan was defined as one who facilitates exploration, development, and communication of
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ideas and concepts. The lesson plan also addressed student skills (perform, draw, research,
measure, compare, find, decide, discuss, criticize, imagine) required for successful completion
of a project. The evaluation rubric was used by the administration during three informal and
formal observations (Appendix L) to determine if PBL was conducted efficiently in the
classroom. The administrator evaluators observed and examined the physical setting of the
experimental classroom, the participants’ activities and interactions, conversations, attitudes,
and demeanors and even the researcher’s behavior using the Classroom observation protocol

(Appendix R).

In developing rubrics for the assessments (Appendices S & T), the researcher considered
classroom climate, students’ background knowledge, engagement with the problem,
participation and collaboration, creativity, technology skills, ability to work collaboratively,
determination of mastery, assessment of mastery, ability to provide constructive feedback,
student involvement in the assessment process as well as how assessment data could be used to

improve classroom teaching (Oberg, 2010).

The researcher used the classroom observation protocol (Appendix R) during each of the
three informal observations conducted at the control site. The observations were done in the
eighth-grade classroom. The control classroom teacher used research-based instructional
strategies other than PBL. The researcher interviewed (Appendix W) the control classroom
teacher at the end of the study to gather information about the differences between traditional

research-based instructional strategies and PBL.

CTP4 standardized science test scores from 2016-2017, 2017-2018, and 2018-2019

academic years were collected for experimental study participants. Additionally, CTP4 results
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for the same testing cycles were obtained for the control site classroom. The CTP4 standardized
science achievement test is a rigorous assessment for high achieving students that “helps to
compare content specific, curriculum-based performance to the more conceptual knowledge
base found in reasoning tests” (Educational Records Bureau, 2017). The CTP4 science scores
reflected content proficiency (percentage correct) only. Although the Educational Records
Bureau (ERB) did not provide national norms, they did offer suburban norms for the content
proficiency scores. Science scores were considered statistically significant if they fall ten
percent above or below the suburban norm. Scores above ten percent of the suburban norm are
advanced, scores that fall within ten percent of the suburban norm (above or below) are
proficient, and scores that fall ten percent below the proficient range are basic. Scores below
basic were considered minimal (K. Robinette, personal communication, July 19, 2017).
Reliability
The reliability of experimental data speaks to the consistency and stability of data
collected. Criterion-referenced tests provided by the publisher of the curriculum used in the
researcher’s school were used as part of this study. Each test was available as a version A or a
version B test that measured the same concepts at the same level of difficulty, thus ensuring the
internal consistency reliability of an exam. Internal consistency reliability ensured that the test
was reliable even if participants read the items on a test differently based on their experiences
and backgrounds. Split half reliability was used to calculate internal consistency based on the
concept of dividing a test into two halves to find the correlation between the two halves to
establish validity and reliability of the whole test as well as each half-evaluated (Sprinthall,
2012). Scorer/rater reliability was conducted to ensure consistent and equitable scoring of tests

considering scorer fatigue, external influences on scorers that may cause differences in scoring.
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Each test was copied before being graded. Each test was graded once, and then re-graded on a
different day using a fresh copy of the same test. The scores were then compared to establish
scorer/rater reliability (Sprinthall, 2012).

The researcher obtained detailed field notes of classroom activities. The stability of data
collected was analyzed using an intercoder agreement of 80% between multiple coders of data
sets based on the code names, coding of the same passages the same way, and the agreement on
the themes of the study (Creswell, 2013). To ensure the reliability of the standardized science
assessment and the testing procedure, testing coordinators at each campus within the researcher’s
educational organization were responsible for making sure that testing conditions for CTP4 met
the standard classroom testing procedures. Each coordinator received a testing schedule and
timeline, testing materials list, and directions for administration of the test. A parallel form of
reliability was achieved through a comparative analysis of CTP4 science standardized tests
administered in 2016-2017, 2017-2018, and 2018-2019 academic years containing items that
assessed the same skill and knowledge base of the same group of students. The scores were then
correlated to evaluate the consistency of the results across alternate versions. New students
admitted during the 2018-2019 academic year were excluded from parallel reliability analysis
due to a lack of available CTP4 testing scores from the 2016-2017 and 2017-2018 academic
years.

Validity

Validity referred to the ability of a method to measure what the researcher believed
it should be measuring. Assessing the validity expressed a judgment about the extent to which
relevant evidence supported the research claims (Maxwell, 2013). To establish internal validity

researcher addressed how well the research instruments measured what they were expected to
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measure through evaluation of formative and summative criterion-referenced tests used for this
study to make sure all the relevant areas of the topic studied were represented in the tests. A
comparison was made between materials taught and what was tested. The similarity between
these areas indicated very high content validity. Item validity of each assessment verified
whether all the elements of each test were on the topics studied in the classroom. Sampling
validity was used to ensure that the items on a test represented the full breadth of the content
tested.

Internal validity allowed the researcher to say with a degree of certainty that no other
variables other than the independent variables were responsible for the change in the dependent
variables. Threats to internal validity are alternative explanations of the results that are not
related to the treatment (Maxwell, 2013). Threats to internal validity included test directions not
being understood by the participants that could cause their answers to vary because of different
interpretations. Additionally, confusing, and ambiguous test terms, as well as vocabulary and
acronyms that were too difficult for test-takers to understand, could have made it difficult for the
test takers to answers the questions on the test. Untaught items included in the achievement tests
and failure on the part of the students or proctors to follow standardized test administration
procedures might have influenced the test results.

To control the threats to internal validity, the researcher used multiple validation
strategies. Intensive long-term involvement (ethnography) led to repeated observations. The
continued presence of the researcher as a participant-observer (ethnographer) helped rule out
distortions and premature conclusions. Triangulation of detailed and varied data such as
meticulous note-taking as well as an accurate transcription of specific events was used to help

the researcher develop a complete account of the events studied. A member check was
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employed to overcome researcher bias and misinterpretation of the participants’ comments and
actions. To further overcome researcher bias, the data was collected but not examined or
analyzed until after the study data collection phase had been completed. The data collected was
extensively searched for discrepant evidence and the sources of the discrepant data to identify
and communicate the diversity of activities and perspectives in the setting, and the population
studied (Maxwell, 2013; Oliver-Hoyo & Allen, 2006). Additionally, the tests were administered
to the groups of students at each grade level who attended science class at the same time each
day throughout the life of the study (Maxwell, 2013).

To control bias, the researcher compared the data collected in the experimental classroom
using PBL with the data collected in the control classroom using traditional research-based
instructional strategies. To avoid bias in the data collected, the researcher used an intercoder
agreement of 80% between multiple coders of data sets based on the code names, coding of the
same passages the same way, and the agreement on the themes of the study. Additionally, the
researcher triangulated control classroom data with other sources of data collected and checked
for alternative explanations.

External validity addresses how well the findings from a research study could be applied
to people in different settings, different ages, or from alternate lifestyles. Threats to external
validity, such as funding or frequency of intervention, could indicate if the results of the study
may be generalized across alternative situations such as those involving different age groups,
socioeconomic groups, and people of diverse cultural backgrounds. Treatment variations created
by external variables such as funding or frequency of intervention, outcomes of the study, and
settings created by the availability of resources were among other threats to external validity.

External validity could be established if the intervention could demonstrate a high account of
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power, thus indicating an increase in the ability of the intervention to influence other
populations. External validity could be increased through participant sampling choice. A more
significant sample size with multiple demographics and ethnicities, socioeconomic status, as well
as international participants, could increase external validity.

CTP4 test used by the researcher’s organization measured advanced skills in keeping
with the advanced curriculum used by the organization. Because the study school selected has
no features that make it different from other small private school organizations with a traditional
science curriculum offered in grades six, seven, and eight, the researcher found no reason to
study teachers in other private school settings. Students participated in surveys anonymously to
ensure that students were responding honestly, thereby eliminating any power the researcher
might have had over them as their science teacher. Data collector characteristics and data
collector bias were controlled because the researcher was also the data collector. Educational
Records Bureau (ERB) scored the Standardized Science Achievement tests, thus helping to
eliminate validity issues caused by collector bias and teacher fatigue (Creswell, 2013).

Data Collection
The quantitative data for this study were collected using a Quasi-experimental method
that utilized technology-integrated PBL and the available science curriculum at the researcher’s
organization (Thornton et al., 2013). The study was conducted during a structured, scheduled
school day for one academic year (2018-2019). The study included one to two-week projects
involving the participation of adults other than school site staff, with scientific expertise within
the school community. The projects focused on the academic community, looking for the assets

within the researcher’s school community.
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As a participant-observer (ethnographer), the researcher also employed qualitative
ethnography methods of data collection to generate rich and detailed data. The primary sources
of data (Figure 3) collected included classroom researcher observations, structured student and
staff surveys, classroom and standardized testing assessments, classroom artifacts, extensive

note-taking, and developed written forms for recording the information gathered (Creswell,

2013).

Figure 3. Primary Sources of Data Collected

Procedure
The researcher (ethnographer) developed an experimental study design using PBL

(Figure 4) before the start of the study.

Conducted Four PBL projects
integrated into currently used
science curriculum materials

Figure 4. Study Design Process



79

Before the start of the study, the researcher designed a student-centered classroom
environment conducive to collaborative learning. Student work areas were organized, and
needed daily supplies were kept within easy reach. A variety of scientific experimental supplies
was routinely available for student use and rotated based on the students’ projects. With access
to 1Pads (one-to-one), classroom resources, and school and nearby public libraries, students

could acquire information from primary and secondary sources for their research (Figure 5).
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Figure 5. Science Classroom

The researcher placed students in small teams with the expectation that the teams would

change at the end of each project or a unit allowing students to work with other classmates

(Figure 6).
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Figure 6. Students Working in Groups

Classroom expectations were set and discussed (Appendix B) as soon as groups formed.
The classroom expectations stated that all group members must participate, be considerate, and
help others on the team and be respectful when there are disagreements. These expectations

were revisited each time groups changed.

As could be seen in Figure 7, the researcher discussed and modeled what was meant by
collaboration and working together as a team. The researcher monitored and joined group
discussions to demonstrate further collaborative practices such as active listening. Researchers
modeled how teams could work together to find an answer to the question that all team members
could agree upon or demonstrate respectful disagreement when members of the group had

differing opinions on the solution to the problem.
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Obtain administrative Plan and Develop standards Administrative support
approval and support based PBL Lesson plans throughout the life of
before beginning the utilizing technology the study
Topic introduced using a concept
map and whole class discussion
I
[ Teacher guided practice ]
|
Student designed projects
| | | | |
Stundents submit Students worked Students maintained group Researcher provided Fmal project,
plans including a collabratively to as well as individual feedback and presentation and
project completion complete the records to demonstrate formative assessment summatrve
timeline project . progress along the way

Study Presentation to Faculty and
Administrators

Faculty and Administrator Survey

Figure 7. Plan for Data Collection

The students in sixth, seventh, and eighth-grade experimental science classrooms
consisted of 71 students. Letters of consent (Appendices C, C2, C3, C4) for participation in the
study and completion of an online survey created using Google Forms (Appendix D) were
provided for each pupil (Maxwell, 2013). The researcher shared the digital link for the online
survey (Google Forms) with all students via email (Appendix G), using the students’ school
email accounts. The students were encouraged to log in to the website hosting the online survey
using the digital link provided by the researcher, at their convenience during the one week that
the survey was made available before the start of the study. The online survey tool (Google
Forms) allowed students to complete the survey without capturing their email address. Students
were not required to put their names or any other identifying information on the survey (Oliver,
2010). Furthermore, the survey site did not maintain a record associating students’ login

credentials with the surveys completed by the students, thus allowing the participants to be
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assured of anonymity during the survey completion process (Baysura, Altun, & Yucel-Toy,

2016).

Question 1. How could technology-integrated PBL be implemented in a middle
school science classroom as an augmentation to the existing curriculum while adhering to
the curriculum standards and lesson pacing guidelines? The researcher planned and
developed lesson plans that contained literature-based criteria for PBL (Appendix X). To ensure
that the grade-level science standards, as well as school site curriculum goals, were met the
researcher selected the topics of the study based on California middle school science standards
(California Department of Education, 1998), New Generation of Science Standards (2013) and
lesson pacing guidelines provided by the currently used science curriculum (Thornton, Buckley,
Miller, Padilla, & Wysession, 2013).

The sixth-grade curriculum consisted of an introduction to Earth Science. The topics
covered in the sixth-grade curriculum included the basic structure of the earth, plate tectonics,
earthquakes, volcanoes, weathering, and erosion as well as the earth’s resources. The seventh-
grade curriculum consisted of an introduction to life Science. The topics covered in the seventh-
grade curriculum included the essential characteristics of living things, the cell and its structures,
genetics, and the science of heredity, DNA, microbial life, plants, animals, and an introduction to
the human body. The eighth-grade curriculum consisted of an introduction to Physical Science.
The topics covered in the eighth-grade curriculum included the basic structure of different
Phases of Matter, atoms, molecules, and the Periodic Table of Elements, bonding and chemical
reactions, acids and bases, forces, and motion (Thornton et al., 2013).

Because all students received the same instruction, using teacher-created literature-based

PBL lesson plans, before the start of the study, the pupils were notified that scores received for
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their classroom activities, assignments, assessments, and projects would affect their course
grade. Therefore, all students were encouraged to show diligence toward all their academic
activities.

Before the introduction of a new unit of study, the researcher assessed students’ prior
knowledge by using diagnostic pretests ( Appendix X1) (Thornton et al., 2013) provided by the
currently used science curriculum. At the beginning of each chapter, students‘ prior knowledge
was assessed using a criterion-referenced chapter pretest (Appendix X3). The topics were
introduced to students using concept maps (Appendix M) (Rye, Landenberger, & Warner, 2013).

The style and design of concept maps varied depending on the topic of discussion. Students

were asked to document the concept map (Appendix M) that was created during the topic
introduction in their science journals. As part of each class period, students updated their notes
and concept map to show daily progress. The concept map was displayed through the end of the
unit so students could add information to the concept map as a means of documenting whole
class progress (Ozdemir, 2006; Rye et al., 2013). The concept maps were used for formative

assessment of students’ progress throughout the life of the unit or chapter (Figure §).
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Figure 8. Concept Maps

Subsequently, students were given additional instruction through a benchmark lesson

(Appendix X). These lessons helped students to acquire background knowledge before being

presented with the project. For example, during the benchmark lesson on Introduction to Matter
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(Appendix X, Lesson 3), the students received instructions on how to use laboratory tools such
as a tri-beam balance to measure weight (mass) and laboratory glassware to measure volume

(Figure 9).

Figure 9. Learning to Measure Volume

Students were provided with instructions on how to use the concepts of mass and volume
in density calculations. Additionally, students received instruction on the Archimedes principle
for calculating the density of non-geometric objects. Following the benchmark lesson, the
students were placed in small groups of two to four students who worked together for two to
three weeks during regular class time towards finding the answer for a common driving question
in a project using the principles of PBL integrated with currently used science curriculum. In the
measuring matter lesson (Appendix X, Lesson 3), the students were challenged to build a device
that could accurately measure the masses of powdered solids and liquids. Students were also
required to develop a method to measure volume without using standard laboratory equipment
and collect data that could be used to calculate the density of items while following laboratory
safety procedures. Students were provided with guidelines (Appendix Y) that clarified

expectations and project deadlines (Figure 10).
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Figure 10. Collaborative Groups

Students could work and speak with others in the school community who were experts on
the topic of study to help them with their investigations and project planning. Members of
student groups were asked to be responsible for their learning while the teacher provided support
and encouragement to facilitate learning (McCright, 2012). In the beginning, the researcher
offered much guidance for all students. Once the students became more comfortable working in
their groups and were able to take on more responsibility for the team’s project, the researcher
transitioned to providing advice and suggestions as a facilitator and guide, reminding students of
upcoming deadlines and expectations while holding students accountable for their learning
process (Gerlach, 2008; McCright, 2012). Students were expected to design and test their
projects or prototypes and maintain detailed documentation (Figure 11) of their design process
using their Interactive Science Folders and Journals (Appendix U) (Chesbro, 2006, Doppelt,

2009).
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Figure 11. The Design Process
Students were asked to submit their plan (design) for the project (Appendix O) before the
start of the project. As part of their plan, students were required to submit a timeline (Figure 12)

for project completion, presentation of the final product, and individual student self-evaluation.

Task Due Date
Research and gather information for your project. October 25, 2018
Design and construct a balance October 25, 2018
Create a scale drawing of the final product (must be color-coded and fully labeled). October 29, 2018
Select containers and develop a method to measure the volume October 29, 2018
Test Balance, redesign, and retest if necessary. October 30, 2018
Make density measurements of objects. October 30, 2018
Project presentation November 1, 2018

Figure 12. Student-Created Project Timeline

The researcher provided students a checklist (Figure 13) to assist the students with the
process of formulating a driving question (Appendix N) that their investigations would answer.
Problems designed by students needed to be developmentally appropriate, utilize student
personal knowledge and experiences, consider student skills and resources, and support
classroom curriculum goals (Blumenfeld, Fishman, Krajcik, et al., 1999, Krajcik, Marx, &

Solloway, 2000; Moursund, 2003).
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In developing the problem, we considered the need for... Yes No

Appropriateness of the content when we developed our problem.

The availability of skills and resources, either in or out of the classroom.
Our experience and ability level in dealing with this type of problem.
The current curriculum and learning goals of the class.

Our curricular interests and learning styles.

Creating a driving question.

o T B R

Developing individual and group evaluation strategies.
Figure 13. Student-Created Problem Checklist

Throughout the investigational process, students were expected to be responsible for their
learning while the teacher provided support and guidance to facilitate learning (McCright, 2012).
Each student was expected to be involved in representing what was learned while working in
their level of core competencies through the production of artifacts and products. Students were
required to maintain their individual and collaborative group notes using their Interactive Science
folder and Journals. Students were required to take detailed notes chronological order, either
individually or collaboratively, for each project (investigation) to help them develop a better

understanding of the concept studied and how scientists use it (Figure 14).

Figure 14. Student notes in the Interactive Science Journal

The student received both written and oral comments regarding their progress as well as

the needed technology training throughout the life of the project (Jacques, Bissey, & Martin,
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2016). Students' projects were assessed using a formative assessment rubric (Appendix S) and a
summative assessment rubric (Appendix T). The formative assessment was designed to provide
students with feedback while the project (investigation) was still in progress to allow students to
make necessary changes and corrections as they moved toward completion of the projects or
investigations and achievement of learning goals. The summative assessment was designed to
evaluate students based on items such as meeting project milestones on time, quality of the final
product, teacher observations of students’ work in the classroom, team reports, individual

reports.

Student Interactive Science Folders and Journals were also used for formative assessment
throughout the life of the unit (chapter) and as well as a summative assessment at the end of the
unit (chapter) (Rye et al., 2013). Student folders and journals were assessed using the Interactive
Science Folder and Journal evaluation rubric (Appendix U). Students were evaluated on the
quality and type of data recorded (Full Option Science System [FOSS], Grace, 2014) during the
life of the project. Student awareness of the evaluation process and its focus on progress rather
than a final product, helped students to become responsible for their learning and reduced

students’ level of stress and anxiety (Jacques, Bissey, & Martin, 2016).

In preparation for project presentations, the students worked collaboratively with the
teacher to review and evaluate the whole project, select materials to share, find creative ways to
share their knowledge and make a purposeful transition between the conclusion of the project
and the topic of study in the current as well as the next project (Ozdemir, 2006). Each team was
asked to complete the project and present a final collaborative project report (Hou, 2010) to other
students and administrators (Figure 15). The finished products of the projects consisting of

group and individual written reports, a poster, or a model presentation demonstrating a scientific
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principle were evaluated at a culminating event where students shared what they had learned

with others.

Figure 15. Project Presentation Day
At the completion of chapter, criterion-referenced tests (chapter posttest and benchmark

summative unit posttest) available as part of the teacher resources( Appendices X2 & X4) that
accompany the existing curriculum (Thornton et al., 2013) were administered by the researcher
as part of the classroom assessment practices to measure comprehension of materials and ensure
content knowledge proficiency. The tests included multiple-choice, fill-in-blank, true, or false,
short answer, essay questions. The researcher administered the tests as part of the classroom
assessment practices. Before returning any formative or summative project assessment
documents to the students, the researcher made electronic, scanned copies of paper documents
submitted by students. The researcher also made electronic copies of digital documents
submitted by students. The researcher removed all student identifying information before
making any copies of student artifacts (Oliver, 2010). The researcher photographed project

presentation artifacts such as prototype and posters before returning the artifact to the students.
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At the end of the project, students reflected on their collaborative efforts (Figurel6). In
their written reflections (Appendix Q), each student described the general process followed by
the group to achieve their learning goals, stated their contributions to the team effort, and
suggestions for future improvements. Student reflections provided the researcher with insight

into how the groups were functioning and any necessary future changes that needed to be made

(Frank & Barzilai, 2004).

To complete this project, I had to build a scale that measured both mass and volume. 1
solved these two problems with a balance scale and a container. To measure mass, [ used a
balance scale because balance scales are an excellent way to find the mass of an object.
Volume can be measured simply with a container that has markings that show the amount of
liquid in the container. The suggestion was to make the scale bigger and capable of
measuring more and larger objects. The containers I had only carried 20 mL, and a better
idea would be to have larger container for a larger volume. For that, I would have also
needed a bigger scale because the scale that I built for this project was very small. T also
think that I learned a lot from this project. I learned how to build and use a balance scale. I
also learned how to solve the problem of finding density, for which I needed a mass and a
volume. I realized that a balance scale is one of the best methods for finding the mass of

objects, and that to find the volume I simply need a measuring cup.”

Figure 16. Student-Created Reflections Sample
The researcher collected data daily and weekly using the classroom observation protocol

(Appendix R). Participant behavior and attitudes were observed and examined as part of the
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study using classroom observations protocol (Appendix R) and online student surveys (Appendix
D). Photographs of classroom activities were collected as part of classroom observation. These
photographs were grouped and coded. The field notes, documented in the researcher diary,
included the students' progress, problems, daily explanatory, and reflective notes on the physical
setting of the classroom, the participants, activities and interactions, conversations, student
attitude and demeanor, and even the researcher's behavior. All the notes and thoughts recorded
during these observations were considered field notes (Creswell, 2013; Doppelt, 2009).

The researcher also collected artifacts demonstrating the implementation and use of PBL and
technology integration into the currently used science curriculum (Baysura et al., 2016).

Instructional artifacts were collected based on their relevance to the learning activities,
demonstrating student engagement in the classroom learning activities (Remmen & Froyland,
2014). Classroom artifacts gathered included items such as quizzes, examination results, and
formal and informal student products such as Interactive Science folder and Journals, research
papers, and project background reports. Other artifacts collected included class handouts,
weekly lesson plans, and pictures of students engaged in PBL activities (Oliver-Hoyo & Allen,
20006).

The researcher (ethnographer) conducted observations of the control classroom using the
Classroom Observation Protocol (Appendix R). The control teacher provided the researcher
with anonymous student artifacts collected in the control classroom. The students at the control
site did not experience any changes in their classroom instructional routine while using the
currently available curriculum, research-based instructional strategies (i.e., inquiry-based
science), as well as technology. The instruction in the classroom was conducted using research-

based instructional strategies, as was expected by the school organization. The researcher did a
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follow-up interview with the control classroom teacher at the end of the study to examine the
similarities and differences between the experimental and control groups. The interview focused
on gaining insight into similarities and differences between project-based learning and other
research-based instructional strategies.

Additionally, students were assessed using the CTP4 standardized science achievement
test during the 2018-2019 academic year. The results were compared to students' 2016-2017 and
2017-2018 CTP4 standardized science achievement test scores in the same content area to
determine if the implementation of PBL had led to an increase in the students' performance
levels on the standardized tests. The CTP4 scores were analyzed by ERB, considering the level
of the student's English proficiency, and learning challenges based on the information provided
by the school site. Testing accommodations were made for students with testing anxiety.
Student fatigue was mitigated by dividing the CTP4 test along curriculum topic areas to be
administered over two weeks in three-hour blocks. Also, all students could become familiar with
the testing format during a practice session before the start of the CTP testing.

Additional protocols were drawn up to deal with field issues that included incomplete
data generated when student participants were absent or could not complete assigned work, lost
or incomplete participant information (Appendix V). All research data was stored on the
researcher's laptop that was password protected and backed up to a personal storage device kept
in a locked cabinet at the researcher's office (Maxwell, 2013).

Question 2. How could the addition of technology-integrated PBL to other effective
teaching strategies used in a science classroom lead to changes in students’ attitude and
aptitude, resulting in an improved overall academic achievement for science? Project-based

learning lesson plans created by the researcher (Appendix 1) were enhanced using technological
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tools and skills. The addition of digital technology to the curriculum potentially allowed
students to personalize their learning. Allowing students to explore and apply their knowledge in
the ways that worked best for them could have led to changes in students’ attitude, aptitude, and
improvement of overall academic achievement for science. By having access to digital
workspaces in an active learning environment, students were able to participate in teamwork,
communicate with others, create artifacts, personalize learning, and develop critical thinking in

an authentic setting (Figure 17).

Figure 17. Data Sharing and Collaboration Meeting

Using web-based tools such as Google Docs, students collaborated in real-time using a
shared digital workspace where they created documents, edited content, tracked progress while
working on projects with each other, and the classroom teacher (researcher) as part of their
learning process. By using personal iPads, students could access and use apps such as Keynote
and Pages to create reports and presentations as part of their projects. Additionally, students
chose to create an iMovie, take photographs on the iPad, create other types of documents such as

books using a book creation app, create animation or Claymation, create a digital storyboard, and
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add music to their movie or create original songs using GarageBand to document their learning

process (Figure 18).

Figure 18. Examples of Student-Created Digital Projects

Using iPad features such as Airdrop and the classroom Apple TV, students created digital
projects on their iPads with their peers and constructive feedback from a larger group.
Additional iPad features such as Speak Screen and typing feedback embedded in apps such as
Pages and touch screen helped students to interact with the learning materials and personalize
learning. Using technology, students gather and analyze data both inside and outside of the
classroom while sharing that data in real-time with their peers, members of the community using
apps such as face time and video chat.

The slow-motion setting on the iPad camera allowed students to record experimental
outcomes for further investigation and analysis of the data collected. Using the built-in
gyroscope and accelerometer on the iPad, students recorded the speed of objects and measured
angles as part of their physics experiments with force and motion. Using the camera function of

the iPad, students photographed the microscopic features of a cell (Figure 19).
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Figure 19. Onion Skin Picture was taken with Student iPad

Calculator apps were used to analyze data. Scientific simulation apps helped the
students to learn about laws of physics, super volcanoes, study the Periodic Table, do chemistry
experiments, participate in virtual dissections, and learn about Polymerase Chain Reaction
(PCR). Interfaced electronic probes helped students to detect temperature, voltage, light
intensity, sound, distance, dissolved oxygen, or pH. The data generated by the probes were
digitally recorded and provided graphical data that could allow students to see trends in their data
and focus on the concepts explored by asking new questions related to the experiment ("Centers
for Implementing Technology in Education," 2016).

During the study, the researcher (ethnographer) conducted three informal observations of
the control classroom using the Classroom Observation Protocol (Appendix R) and a follow-up
interview (Appendix W) with the control classroom teacher at the end of the study to examine
the similarities and differences between the experimental and control groups. Educational
technology was integrated with the curriculum at both the experimental and control sites.
Therefore, the interview focused on gaining insight into similarities and differences between
how technology was used to enhance project-based learning as well as other research-based

instructional strategies.
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Question 3. What would be the impact of administrative support on the teachers’
attitude toward the implementation of technology-integrated PBL to improve students’
levels of academic achievement? Administrative support was instrumental in the completion of
this study. Before the beginning of the study, the researcher worked with the school site
administrators to minimize potential schedule conflicts and class interruptions throughout the life
of the study. Administrators continually supported the research by providing the researcher with
adequate planning time, physical classroom resources, and time for teacher collaboration,
classroom observations, and lesson plan evaluations to ensure that PBL lesson plans developed
by the researcher met the standards and aligned with other school initiatives (Poulos, 2016).
Throughout the life of the study, the researcher received additional support from the
administrators to gain access to students’ standardized testing data as well as technology support
the help students with the use of their iPads and other technological tools (Moeller & Reitzes,
2011).

During the study, the administrators were asked to observe the researcher’s classroom
formally (3 times) using Classroom Formal Observation Rubric (Appendix L) to ensure that the
compliance of the PBL lesson plans with state and school site teaching standards. Using the
Lesson Plan Evaluation Rubric (Appendix K), the school site administrators evaluated the
researcher’s weekly lesson plans. Although the researcher had adequate physical access to the
school site administrators, all lesson plans, rubrics, and evaluation forms were shared with the
administrators electronically using a shared Google Doc folder. The use of Google Docs helped
the researcher with the data collection process and created an open and continuous line of

communication with the school site administrators.
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Following the completion of the study, the administrators provided the researcher with an
opportunity to present the content of the study, its application in the classroom environment,
assessment methods, and the study results during an all-staff in-service meeting. To solicit
feedback and gain an understanding of teachers’ and administrators’ attitudes toward structural
and cultural changes necessary at an organizational level for creation of an environment
conducive to the implementation of technology-integrated PBL, the researcher asked the teachers
and administrators to participate in a voluntary and anonymous online survey using Google
Forms (Appendix E & F). This survey was designed to help the researcher with collecting data
about opinions on achievement, attitudes toward science, collaborative workgroups, learning
styles, use of technology in the classroom and PBL in the class as a whole (Frank & Barzilai,
2004, Blair, Czaja, & Blair, Harrigan, 2014, 2014, McCright, 2012). The survey contained
groups of items on general background information, attitude toward collaborative groups, views
on benefits of working in groups, opinions on challenges of working in groups, knowledge of
learning style, attitude toward the use of technology in the classroom, understanding of PBL,
open-ended questions about teacher attitude towards implementation of technology in the
classroom, and teachers’ and administrators perceptions of benefits and challenges involved in
implementation of technology-integrated PBL (McCright, 2012).

A letter of consent (Appendix C1) for participation in the study and completion of an
online survey using Google Forms (Appendix E &F) was provided for each staff member
(Maxwell, 2013). The researcher shared the digital link for the online survey (Google Forms)
with the staff via email (Appendix H), using the member’ school email accounts. Participation
in the survey was voluntary. However, the staff was encouraged to log in to the website hosting

the online survey using the digital link provided by the researcher, at their convenience during
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the one week that the survey was available. The online survey tool (Google Forms) allowed the
staff to complete the survey without capturing their email address. The staff was not required to
put their names or any other identifying information on the survey (Oliver, 2010). Furthermore,
the survey site did not maintain a record associating staffs’ login credentials with surveys
completed by the staff, thus allowing the participants to be assured of anonymity during the
survey completion process (Baysura, Altun, & Yucel-Toy, 2016). Data Analysis

The study variables have been shown in Figure 20. The detailed list of the study

variables could be found in Figure 21.

Variables

Figure 20. Study Variables



*The survey (teacher, student
and administrator)

*Instructions Provided to study
Participants

*Implementation of
technology- integrated PBL
in a science classroom

*Lesson plans

» Teacher Willingness to
implement technology-
integrated PBL in the
classroom

* Administrative support for
implementation of technology
enhanced PBL in the
classroom

*Level of teacher/administrator
participation
*Private school demographics
*) pupil-teacher ratio
savailability of adequate
electronic digital devices and
technological infrastructure in the
classroom

*school’s standardized testing
scores in reading, language arts,
mathematics and science

* Student artifacts
*CTP4 test scores

* Administrative support for
implementation (including
provision of funding)

*Level of available technology
infrastructure in the classroom

*Student aptitude/attitude toward
school in general

*Level of student English
proficiency

*Student Prior knowledge

*Student Fatigue

*Test Anxiety

*Formative /Summative test Scores

*Level of technological expertise of
the individual students

*The degree of scientific ability

*The control site observations

* Control site CTP4 Results

* Control Site Teacher
Interview

* Control sites student artifacts
and criterion-referenced
assessment results
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Figure 21. List of Study Variables

Before beginning the data analysis (Figure 22), the researcher prepared the data set by
assigning numeric values to the variables within the dataset. The researcher ensured that the
values for variables were standardized and managed missing data points. A codebook was
developed to assist with the inventory of individual variables within the dataset and their
corresponding values. The codebook included a list of data collected along with the description
of each type of data collected and the numerical values assigned by the researcher.

To complete the quantitative data analysis, the researcher identified the variables.

Variables were further defined as categorical or interval. Data generated during the study were
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analyzed using descriptive statistics to identify patterns and trends. Data were also analyzed for
measures of central tendency, deviance from the mean, sample variation, population variance,
range, and frequency. The data generated was examined to see if the data was parametric or
non-parametric to determine the appropriate type of inferential statistical test for data analysis.
Subsequently, the data was uploaded and analyzed quantitively using statistical analysis tests
found in the Excel 2018 Data Analysis Tool Pack and Real Statistics Resource Pack for Excel
2018 (Zaiontz, 2019).

Inferential statistical tests chosen helped the researcher to identify the relationships
between variables and to determine if one variable can influence another variable. The use of
inferential statistics allowed the researcher to generalize the interpretation of the quantitative
study data to a larger population, thus allowing the researcher to assess the impact of the
variables on a more significant population as the means of predicting outcomes. The researcher
employed a normal curve distribution to determine whether to accept or reject the null hypothesis
using a 0.5 alpha level to identify statistically significant findings.

Data for this study was further analyzed using triangulation and nested mixed-method designs to
achieve an accurate and valid estimate of qualitative results. Through reviewing classroom
observation notes, and participation data, a picture of the impact of the teacher's professional
development on the enactment of PBL and integration of interfaced electronic probes in a middle
school science classroom emerged (Guo & Yang, 2012).

The researcher examined the data collected by reading and looking through all the field
notes, student artifacts, and photographs taken during the study to obtain an overall view of the

information while writing memos ideas that helped her think about the organization of the data
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and bring to light areas where more data was needed. Student standardized assessment data were
analyzed, considering factors such as individual needs status and limited English proficiency.
The researcher consolidated, reduced, and interpreted the data gathered in a continuous process
throughout the life of the study. The factors that contributed to the achievement levels of middle
school students in a science classroom were identified to help the researcher understand the data
collected (Creswell, 2013). The researcher analyzed the data gathered based on the
observational notes and artifacts collected from an emic perspective to develop organizational
categories and themes by grouping similar codes using a conventional coding method that
allowed for the elimination of redundancy and overlap of codes. Photographs were also tagged
and coded similarly. Axial coding was used to connect strategies that allow for an understanding
of contextual relationships between themes and larger conceptual models (Creswell, 2013).

The data collected in this study was validated to achieve an 80% intercoder agreement (Maxwell,
2013). The researcher used computer data analysis software, Microsoft Excel 2018, and Word
2018, to order the data and generate coding categories (Creswell, 2013). As themes emerged in
the analysis, collected data was reviewed and cross-referenced for the existence of similar
patterns, grouped, and classified into themes that followed the direction of the recurring ideas.
Additional evidence was gathered deductively to support the researcher's arguments and
interpretations to develop an overall cultural analysis (Creswell, 2013). Types of Inferential
Statistics used in the study and their relationship to the study question and variables could be

found in Table 1.
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Table 1

Types of Inferential Statistics used in the study and their relationship to the study questions and
Variables (Creswell, 2013, Lattimer & Riordan, 2011)

Questions Variables Instruments and Statistical test
Measures

1. How could technology- The survey (teacher, student, and Student artifacts, Spearman’s
integrated PBL be implemented  administrator) Student survey results ~ Rank
in a middle school science Instructions provided to study Staff survey results Correlation
classroom as an augmentation to  participants CTP4 Test Scores (Spearman
the existing curriculum while Implementation of technology- Lesson plan & Rho), Wilcoxon
adhering to the curriculum integrated PBL in a science classroom  evaluation rubric Signed Rank
standards and lesson pacing Lesson plans Informal and formal test
guidelines? Teacher willingness to implement observations

technology-integrated PBL in the

classroom

Administrative support for the

implementation of technology-

integrated PBL in the classroom
2. How could the addition of Teacher willingness to implement Lesson plans, Spearman’s
technology-integrated PBL to technology-integrated PBL in the student artifacts Rank
other effective teaching classroom student and staff Correlation
strategies used in a science Implementation of technology- survey results (Spearman
classroom lead to changes in integrated PBL in a science classroom  Lesson plan evaluation Rho), Wilcoxon
students’ attitude and aptitude, Student aptitude/attitude toward school rubric Signed Rank
resulting in an improved overall  in general test
academic achievement for Level of student English proficiency
science? Student prior knowledge

Student fatigue

Test anxiety

Formative /summative test scores

Level of the technological expertise of

the individual students

The degree of scientific ability
3. What would be the impact of ~ Teacher & administration participation ~ Teacher Survey, Spearman’s
administrative support on the Administrative support for the Administration survey ~ Rank
teachers’ attitude toward the implementation of technology- Lesson plan evaluation  Correlation
implementation of technology- integrated PBL in the classroom rubric (Spearman
integrated PBL to improve Classroom formal Rho), Wilcoxon
students’ levels of academic observation rubric Signed Rank
achievement? test

Narrative Structure

The narrative structure of this study was based on realist ethnography defined as a way of

studying a culture-sharing group, immersing oneself in the day-to-day lives of participants by

observing (Creswell, 2013). Ethnography requires the continued presence of the researcher
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within the filed to build connections and trust needed for the collection of rich data including
mundane facts, objectively from the third person's perspective by obtaining the data from the
participants at the research site (Reeves, Peller, & Kitto, 2013). The researcher relayed the
information uncontaminated by individual predisposition, political objectives, and judgment,
giving a detailed report of the actions and words of participants under study using standard
categories for cultural description (e.g., family life, the communication network). The researcher
established a perspective on how the culture was interpreted and presented regarding
demographics and context of the research by the culture-sharing group through verbatim
quotations in the final report (Creswell, 2013).
Ethical Issues

The Concordia University Institutional Review Board (Appendix A) gave prior approval
for the data collection process involved in the research study to ensure compliance with the
Standards for Ethical Conduct of Research. Furthermore, the school site administrators gave the
researcher prior permission to research with little or no disruption to the activities at the school

(Creswell, 2013).

The purpose of the study, what the participants were required to do, and how the data
collected would be used, was disclosed to the participants to obtain informed consent from adult
participants and parents of minor participants. A letter of consent indicated that participation in
the study was voluntary and would not place the participants at undue risk. The researcher
ensured confidentiality by making sure that the data could not be linked to individual participants
by name through the anonymous surveys, pseudonyms, group data reporting, and destruction of

the data collected for the study at the end of the study (Creswell, 2013).
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The researcher established a supportive and respectful relationship with the participants
by taking the time to learn about cultural and religious differences that would need to be
considered and respected during this study. The researcher participated in the study as an
observer studying students and teachers whose voices were represented in the report of the
results of this investigation. During the study, the researcher-avoided leading questions withheld
sharing personal opinions and impressions and protecting sensitive information learned about
participants (Creswell, 2013).

The researcher has a professional relationship with the participating teachers in the study.
The researcher and her colleagues have worked collaboratively together in various capacities in
an environment that does not provide rewards for educational program development or teaching
achievement. Teachers and administrators involved in this study shared a passion and love for
education.

Even though the researcher did not hold an administrative position within her school
organization, teacher participants risked having the researcher scrutinize their professional
perceptions and attitudes. Teacher participants were assured that the researcher would only share
group results of the research with the schools’ administration in a manner that would protect the
identity of individual participants. The researcher further assured the teacher participant of
privacy protection through the use of aliases and composite profiles in the future publication of

the research findings (Maxwell, 2013).

Students participating in this study risked not knowing how the results of the student
survey would impact their grades. Students were allowed to take the survey anonymously

without the researcher being present to minimize risk. Furthermore, the surveys were not
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conducted the week before or the week after the due dates for progress reports, parent-teacher

conferences, or semester report cards (Maxwell, 2013).

To give back to participants in the study, the researcher provided educational services
such as tutoring and training to the teacher and student participants. Following the completion of
the research, the researcher reported multiple perspectives as well as contrary findings. The
privacy of the participants was protected through the use of aliases, composite profiles, and
group reporting so that individuals could not be identified. Data collected was reported honestly
following APA (2010) guidelines for obtaining permission to reprint and adapt the work of

others. Participants were provided with copies of the final data report (Maxwell, 2013).

Summary

The purpose of implementing technology-integrated PBL in a middle school science
classroom was to learn if the use of this method of teaching would enhance the existing science
curriculum while adhering to the curriculum standards and lesson pacing guidelines.
Furthermore, the purpose of this realist ethnographic study was to see if the addition of
technology-integrated PBL to other effective teaching strategies used in a science classroom
could lead to changes in students’ attitude and aptitude, resulting in an improved overall
academic achievement for science. An additional purpose of this study was to learn if access to
an easy to use, lesson-planning platform, along with administrative support, could serve to
change the attitude of teachers with basic knowledge of technology toward implementation of
technology-integrated PBL in their classrooms to improve students’ levels of academic
achievement.

The unique ethnographic methodologies and processes influenced this mixed-method

study by allowing the researcher to use firsthand knowledge gained through long-term presence
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to paint a vivid picture of a culture-sharing group in a science classroom (Creswell, 2013). The
researcher established a perspective on how the culture was interpreted and presented regarding
demographics and context of the research by the culture-sharing group through verbatim
quotations in the final report (Creswell, 2013).

The researcher purposefully selected the middle school studied from a private school
organization located in Orange County, Southern California. The letters of consent indicated
that the researcher would only collect and use data from students who voluntarily consented to
be participants in the study (Maxwell, 2013) and would not place the participants at undue risk.
Furthermore, the destruction of the data collected at the end of the study meant that the data
collected could not be linked to individual participants.

Students who agreed to be participants completed an online survey created using Google
Forms (Appendix D) at the beginning and the end of the study. Student participant survey was
developed to collect data on student general background information, how students learn, attitude
toward the use of technology in the classroom, attitude toward working in collaborative groups,
attitude, and aptitude toward science education and students’ understanding of PBL (Blair,
Czaja, & Blair, Harrigan, 2014, Frank & Barzilai, 2004).

The primary sources of data (Figure 3) collected included classroom researcher
observations, structured student and staff surveys, classroom and standardized testing
assessments, classroom artifacts, extensive note-taking, and developed written forms for
recording the information gathered (Creswell, 2013).

PBL lesson plans (Appendix I) were developed based on the essential elements’ checklist
(Appendix J) required for a PBL Lesson plan. The administrator evaluators observed and

examined the physical setting of the experimental classroom, the participants’ activities and
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interactions, conversations, attitudes, and demeanors and even the researcher’s behavior using
the Classroom observation protocol (Appendix R).

The researcher used the classroom observation protocol (Appendix R) during each of the
three informal observations conducted at the control site. The researcher collected data daily and
weekly using the classroom observation protocol (Appendix R). The researcher (ethnographer)
conducted observations of the control classroom using the Classroom Observation Protocol
(Appendix R). Before the introduction of a new unit of study, the researcher assessed students’
prior knowledge by using diagnostic pretests (Appendix X1) (Thornton et al., 2013) provided by
the currently used science curriculum. Using the problem development checklist (Appendix N),
students were asked to develop problems (questions) that were developmentally appropriate,
utilize student personal knowledge and experiences, consider student skills and resources and
support classroom curriculum goals (Bluemenfeld, Fishman, Krajcik, et al., 1999, Krajcik, Marx,
& Solloway, 2000). As part of their plan, students were required to submit a timeline (Figure 12)
for project completion, presentation of the final product, and individual student self-evaluation.
In preparation for project presentations, the students worked collaboratively with the teacher to
review and evaluate the whole project, select materials to share, find creative ways to share their
knowledge and make a purposeful transition between the conclusion of the project and the topic
of study in the current as well as the next project (Ozdemir, 2006). Student reflections provided
the researcher with insight into how the groups were functioning and any necessary future
changes that needed to be made (Frank & Barzilai, 2004).

In developing rubrics for the assessments (Appendices S & T), the researcher considered
classroom climate, students’ background knowledge, engagement with the problem, participation

and collaboration, creativity, technology skills, ability to work collaboratively, determination of
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mastery, assessment of mastery, ability to provide constructive feedback, student involvement in
the assessment process as well as how assessment data could be used to improve classroom
teaching (Oberg, 2010). At the completion of chapter, criterion-referenced tests (chapter posttest
and benchmark summative unit posttest) available as part of the teacher resources( Appendices
X2 & X4) that accompany the existing curriculum (Thornton et al., 2013) were administered by
the researcher as part of the classroom assessment practices to measure comprehension of
materials and ensure content knowledge proficiency. Criterion-referenced tests provided by the
publisher of the curriculum used in the researcher’s school were used as part of this study. The
stability of data collected was analyzed using an intercoder agreement of 80% between multiple
coders of data sets based on the code names, coding of the same passages the same way, and the
agreement on the themes of the study (Creswell, 2013).

Upon completion of the study, the teachers, and administrators from all school sites
within the organization were invited to participate in online surveys created using Google Forms
(Appendices E & F) following a presentation by the researcher at a regularly scheduled in-
service meeting. Administrators continually supported the research by providing the researcher
with adequate planning time, physical classroom resources, and time for teacher collaboration,
classroom observations, and lesson plan evaluations to ensure that PBL lesson plans developed
by the researcher met the standards and aligned with other school initiatives (Poulos, 2016). This
survey was designed to help the researcher with collecting data about opinions on achievement,
attitudes toward science, collaborative workgroups, learning styles, use of technology in the
classroom and PBL in the class as a whole (Frank & Barzilai, 2004, Blair, Czaja, & Blair,
Harrigan, 2014, McCright, 2012). The survey contained groups of items on general background

information, attitude toward collaborative groups, views on benefits of working in groups,
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opinions on challenges of working in groups, knowledge of learning style, attitude toward the
use of technology in the classroom, understanding of PBL, open-ended questions about teacher
attitude towards implementation of technology in the classroom, and teachers’ and administrators
perceptions of benefits and challenges involved in implementation of technology-integrated PBL
(McCright, 2012).

Before beginning the data analysis (Figure 22), the researcher prepared the data set by
assigning numeric values to the variables within the dataset. The codebook included a list of
data collected along with the description of each type of data collected and the numerical values
assigned by the researcher. The data generated was examined to see if the data was parametric
or non-parametric to determine the appropriate type of inferential statistical test for data analysis.
Subsequently, the data was uploaded and analyzed quantitively using statistical analysis tests
found in the Excel 2018 Data Analysis Tool Pack and Real Statistics Resource Pack for Excel
2018 (Zaiontz, 2019). As themes emerged in the qualitative analysis, collected data was
reviewed and cross-referenced for the existence of similar patterns, grouped, and classified into
themes that followed the direction of the recurring ideas.

Inferential statistical tests chosen helped the researcher to identify the relationships
between variables and to determine if one variable can influence another variable. The use of
inferential statistics allowed the researcher to generalize the interpretation of the quantitative
study data to a larger population, thus allowing the researcher to assess the impact of the
variables on a more significant population as the means of predicting outcomes. The researcher
examined the data collected by reading and looking through all the field notes, student artifacts,
and photographs taken during the study to obtain an overall view of the information while

writing memos ideas that helped her think about the organization of the data and bring to light
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areas where more data was needed. Student standardized assessment data were analyzed,
considering factors such as individual needs status and limited English proficiency. The
researcher consolidated, reduced, and interpreted the data gathered in a continuous process
throughout the life of the study.

To establish internal validity researcher addressed how well the research instruments
measured what they were expected to measure through evaluation of formative and summative
criterion-referenced tests used for this study to make sure all the relevant areas of the topic
studied were represented in the tests. To further overcome researcher bias, the data was
collected but not examined or analyzed until after the study data collection phase had been
completed. To avoid bias in the data collected, the researcher used an intercoder agreement of
80% between multiple coders of data sets based on the code names, coding of the same passages
the same way, and the agreement on the themes of the study. Additionally, the researcher
triangulated control classroom data with other sources of data collected and checked for
alternative explanations. The data collected in this study was validated to achieve an 80%

intercoder agreement (Maxwell, 2013).
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CHAPTER 4: RESULTS
Introduction

The researcher conducted a Quasi-experimental (Nested design) ethnographic study to
explore if the implementation of technology-integrated PBL in a middle school science
classroom would enhance the existing science curriculum while adhering to the curriculum
standards and lesson pacing guidelines. Furthermore, this study sought to find if the addition of
technology-integrated PBL to other effective teaching strategies used in a science classroom
would lead to changes in students’ attitude and aptitude, resulting in an improved overall
academic achievement for science. Additionally, this study attempted to determine if access to
an easy to use, lesson-planning platform along with administrative support, could serve to
change the attitude of teachers with basic knowledge of technology toward implementation of
technology-integrated PBL in their classrooms to improve students’ levels of academic
achievement.

The purpose of this study was achieved by examining the results of the data analyzed
from surveys, criterion-referenced tests, CTP4 standardized testing, observations, field notes &
reflections, lesson plans and rubrics, interactive science journals, and student artifacts.

The findings of this study were presented according to the types of data collected as well
as the three research questions that guided this study. The data collected was quantitatively
analyzed using a statistical analysis tool pack in Excel 2018 as well as Real Statistics Resource
Pack for Excel 2018 (Zaiontz, 2019). The data collected was qualitatively analyzed and coded
using Excel 2018 and Word 2016. Achievement in science was measured by the 2018-2019

Comprehensive Testing Program (CTP4) test. The CTP4 test scores for academic years 2016-
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2017 and 2017-2018 measured by the Educational Records Bureau (ERB) were obtained and

served as comparison data to establish pre-experimental equivalence.

Research Questions

1. How could technology-integrated PBL be implemented in a middle school science
classroom as an augmentation to the existing curriculum while adhering to the curriculum
standards and lesson pacing guidelines?

2. How could the addition of technology-integrated PBL to other effective teaching
strategies used in a science classroom lead to changes in students’ attitude and aptitude,
resulting in an improved overall academic achievement for science?

3. What would be the impact of administrative support on the teachers’ attitude toward the
implementation of technology-integrated PBL to improve students’ levels of academic
achievement?

Quantitative Data Analysis

Demographic Information

The population for this study was comprised of approximately 22 sixths (earth science),
27 seventh (life science) and, 22 eighth grade (physical science) students at the experimental site,
approximately 40 eighth grade students at the control site, one science teacher as a participant-
observer (realist ethnographer) at the experimental site, and one science teacher at the control
site. The researcher invited 161 teachers and 12 administrators to participate in a survey as part
of the study.
Demographic Data (Categorical Data)

Categorical data (i.e., degree, position, and gender, years served at current school) was

collected from students and staff who completed the study surveys. However, not all student
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participants responded to the Pre-study survey. Thus the demographic information collected
from the sample of 46 student respondents based on the data provided on the participant consent
forms has been presented in Table 2. The demographic information collected from the 38
students who responded to the Pre-study survey has been presented in Table 3. The
demographic information collected from 34 students who responded to the Post-study online
survey has been presented in Table 4.

Table 2

Student Participant Demographics (Based on Consent Forms)
6™ Grade Participants 7" Grade Participants 8™ Grade Participants

Gender Male Female Male Female Male Female
8 8 7 9 9 5

Table 3

Student Participant Demographics (Based Pre-study Online Survey Participation)
6™ Grade Participants 7™ Grade Participants 8" Grade Participants

Gender Male Female Male Female Male Female

Table 4

Student Participant Demographics (Based Post-study Online Survey Participation)
6™ Grade Participants 7% Grade Participants 8t Grade Participants

Gender Male Female Male Female Male Female

7 8 2 8 5 4

The demographic information collected from the 12 teachers who responded to the study

survey has been presented in Table 5. One female participant (NA*) did not provide years in
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practice. The demographic information collected from the three administrators who responded

to the study survey has been presented in Table 6.

Table 5
Teacher Demographic Information
Gender Years in Years as Highest Degree Current Grade Academic
Current an Levels. Subjects
Position Educator
Female 7 10 BA English 12 Literature
Teaching
Credential
Male 7 8 Masters in 12 Science
Teaching Art
Female 16 18 MA 10 Language
Arts
Male 21 24 Ph. D. 10 Science
Male 16 18 B.A. 11;12 Literature
Female 15 26 Master's 9;10;11;12  Science
Male 8 10 Master’s 9:10;11;12 Mathematics
Science
Female 12 16 MS 9;10;11;12  Science
Male 8 8 Master’s 10 Mathematics
Female 7 10 Masters in 9;10 Language
TESOL Arts
Male 17 35 MS 9;10;11;12 Mathematics
Female NA* 17 Credential 9;10;11;12 Art
Table 6
Administrators Demographic Information
Gender Same School as last  Years in current  Years as an Highest Degree
year position educator
Male Yes 2 22 BA in Physics and
Management
Male Yes 1 11 Masters
Female Yes 2 21 MA Educational
Administration
Statistical Tests

The quantitative statistical analysis was conducted first, followed by qualitative statistics.
Descriptive statistical tests, including measures of central tendency (mean, mode, median) as well
as measures of spread (range, variance, and standard deviation) were used to analyze the study

results. Since many of the statistical tests considered for data analysis were parametric, it was
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essential to check the assumptions required of parametric tests to avoid the risk of making wrong
decisions. Due to the small sample size, the study data did not meet the underlying assumptions
(normally distributed data, homogeneity of variance, interval data, and independence) required for
parametric tests. Therefore, the results of this study were analyzed using a non-parametric
inferential statistical test, including Spearman’s Rank Correlation (Spearman Rho), Wilcoxon
Signed Rank test.

Spearman's rank correlation coefficient or Spearman's rho (r) was used to measure the
strength of dependence between two variables (pretests vs. posttest scores) using a monotonic
(linear or not linear) function. A value of r=+1 or close +1 would have represented a perfect or a
high level of a positive correlation between two variables. Whereas a value of r= -1 or close to -1
would have represented a complete or high level of a negative relationship between two
variables. The Wilcoxon signed-rank test was for a comparison of the matched pretests and
posttests scores to determine whether or not there were differences in their values "before" and
"after" the intervention. The requirements and null hypothesis for each test have been listed in

Table 7.

Table 7

Requirements for Statistical Tests Used

Requirements Null Hypothesis
Spearman’s  The scale of measurement must be ordinal (or interval, ratio) There is no correlation
Rank Requires matched pairs between the two data
Correlation  The association between variables must be monotonic sets.
(Spearman
Rho) +1 = a perfect positive correlation between ranks

-1 = a perfect negative correlation between ranks

0 = no correlation between ranks.
Wilcoxon Requires matched data The medians for both
Signed The dependent variable must be continuous samples are Equal.

Rank test



https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/correlation-analysis/
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Data Collection Methods
The Survey. In the quantitative phase, data were collected in part through the

administration of surveys to students, teachers, and administrators. The surveys were distributed
to a total of 161 teachers, 12 administrators in the four schools within the researcher’s
organization. The 71 student participants from the school serving as the experimental site
received individual hard copies of the informed consent and confidentiality information with an
option to give consent, as well as the option to exit the survey at any time (Appendices C, C2,
C3). The 46 student participants who consented to be in the study were provided with a link to
access to a secure URL address for the online Google Forms survey at the beginning and the
end of the study via email (Appendix G).

All eligible teacher and administrator participants were provided with a detailed
description of informed consent and confidentiality information with an option to give consent,
as well as the option to exit the survey at any time (Appendix C1) via email, thus making
recruitment and consent easier. The 15 staff (teachers and administrators) participants who
consented to be in the study received a link to access a secure URL address for the online
Google Forms survey at the end of the study via email (Appendix H). The survey response rate

for teachers, administrators, and students have been presented in Table 8.

Table 8
Survey Responses Rate
Administrators Teachers Students Students (Post-
(Pre-study survey) study survey)
Total Number of 3 12 46 46
participants
Total number of 3 12 38 34

participants who
responded to the survey
Survey Response Rate 100% 100% 82.60% 73.91%
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Criterion-Referenced Test. Criterion-referenced tests (diagnostic unit pretest, chapter
tests, and benchmark summative unit posttest) provided by the publisher of the curriculum used
in both the experimental as well as the control school sites were used as part of this study. Each
test was available as a version A or a version B test that measured the same concepts at the same
level of difficulty, thus ensuring internal consistency and reliability. Both version A (posttest)
and version B (pretest) tests included multiple-choice, fill-in-blank, true, or false, short answer,
essay questions (Appendices X1, X2, X3, X4).

Additionally, as part of the classroom assessment practices to measure comprehension of
materials and ensure content knowledge proficiency, the researcher administered diagnostic
(used before the start of a new unit) and benchmark (used after a unit) criterion-referenced tests

(Thornton et al., 2013). The tests included multiple choice and short answer questions.

CTP4 Test. The results for the Comprehensive Testing Program (CTP4) standardized
science achievement test given during the 2018-2019 academic year were compared with the
results of the 2016-2017 and 2017-2018 CTP4 standardized science achievement test scores in
the same content area to determine if the implementation of PBL had led to an increase in the
students’ performance levels on the standardized tests. The Educational Records Bureau (ERB)
analyzed the CTP4 scores based on the information provided by the school site regarding the
level of the student’s English proficiency and learning challenges. Testing accommodations
were made for students with testing anxiety. Student fatigue was mitigated by dividing the
CTP4 test along curriculum topic areas to be administered over two weeks in three-hour blocks.
Also, all students became familiar with the testing format during a practice session before the

start of the CTP testing.
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Based on the information provided by ERB, science scores were considered statistically
significant if they fall ten percent above or below the suburban norm. Scores above ten percent
of the suburban norms were considered advanced. Scores that fall within ten percent of the
suburban norm (above or below) were considered proficient, and scores that fall ten percent
below the proficient range were considered basic. Scores below basic were considered minimal
(K. Robinette, personal communication, July 19, 2017). CTP4 standardized science test scores
from 2016-2017, 2017-2018, and 2018-2019 academic years were collected for the experimental
study participants. A composite CTP4 score was collected for each of the testing cycles at the
control site.

Testing the Research Questions
Consistency of Analysis
To establish consistency of analysis researcher addressed how well the research
instruments measured what they were expected to measure through evaluation of formative and
summative criterion-referenced tests used for this study. The formative and summative
criterion-referenced tests were compared for the content taught versus content tested based on
the information provided in the student science textbooks to ensure representation of all relevant

areas of study. The similarity between these areas indicated high content validity.

The use of criterion-referenced tests (version A and Version B provided by the textbook
publisher) ensured the reliability of the test even if participants read the items on a test
differently based on their experiences and backgrounds (Appendices X3 & X4). Split-half
reliability was used to calculate internal consistency based on the concept of dividing a test into
two halves to find the correlation between the two halves to establish validity and reliability of

the whole test as well as each half-evaluated (Sprinthall, 2012). Each test was copied before
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being graded. Each test was graded once, and then one-half of the tests were chosen at random
to be re-graded on a different day using a fresh copy of the same test. The comparison of the

test grades proved that the split-half reliability for the criterion-referenced tests was 100%.

The scorer/rater reliability was conducted to ensure consistent and equitable scoring of
tests considering scorer fatigue, external influences on scorers that may cause differences in
scoring. Each test was copied before being graded. New copies of the same test, tests were
chosen at random to be re-graded on a different day. The scores were compared to establish a

scorer/rater reliability of 100% (Sprinthall, 2012).

The scores for CTP4 science standardized tests administered in 2016-2017, 2017-2018,
and 2018-2019 academic years were correlated to evaluate the consistency of the results across
alternate versions. New students admitted during the 2018-2019 academic year were excluded
from parallel reliability analysis due to a lack of available CTP4 testing scores from the 2016-

2017 and 2017-2018 academic years.

Descriptive and Inferential Statistics
The descriptive and inferential statistics used to investigate the three research questions

for this study have been presented in Table 9.



Table 9

Types of Descriptive and Inferential Statistics used in the study and their Relationship to the

Study Questions and Variables (Creswell, 2013, Lattimer & Riordan, 2011)

Questions Variables Instrumentations  Descriptive Inferential
and Measures Statistical test  Statistics

1. How could The survey (teacher, student, Student artifacts, Mean Spearman’s
technology- and administrator) Student survey Standard Error  Rank
integrated PBL be  Instructions provided to study results staff Median Correlation
implemented in a participants survey results Mode (Spearman
middle school Implementation of technology-  CTP4 Test Standard Rho),
science classroom  integrated PBL in a science Scores lesson Deviation Wilcoxon
as an augmentation classroom plan & Sample Signed Rank
to the existing Lesson plans evaluation rubric ~ Deviance test
curriculum while Teacher willingness to Informal and Range
adhering to the implement technology- formal
curriculum integrated PBL in the classroom  observations
standards and Administrative support for the
lesson pacing implementation of technology-
guidelines? integrated PBL in the classroom
2. How could the Teacher willingness to Lesson Plans, Mean Spearman’s
addition of implement technology- student artifacts Standard Error Rank
technology- integrated PBL in the classroom student and staff =~ Median Correlation
integrated PBLto ~ Implementation of technology-  survey results Mode (Spearman
other effective integrated PBL in a science Lesson plan Standard Rho),
teaching strategies  classroom evaluation rubric ~ Deviation Wilcoxon
used in a science Student aptitude/attitude toward Sample Signed Rank
classroom lead to school in general Deviance test
changes in Level of student English Range
students’ attitude proficiency
and aptitude, Student prior knowledge
resulting in an Student fatigue
improved overall Test Anxiety
academic Formative /summative test
achievement for scores
science? Level of the technological

expertise of the individual

students

The degree of scientific ability
3. What would be =~ Teacher & administration Teacher survey, = Mean Spearman’s
the impact of participation Administration Standard Error  Rank
administrative Administrative support for the survey Median Correlation
support on the implementation of technology-  Lesson plan Mode (Spearman
teachers’ attitude integrated PBL in the classroom evaluation rubric ~ Standard Rho),
toward the Classroom Deviation Wilcoxon
implementation of formal Sample Signed Rank
technology- observation Deviance test
integrated PBL to rubric Range

improve students’
levels of academic
achievement?
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The independent, dependent, and control variables relative to each of the study questions

have been presented in Table 10.

Table 10

Research Questions Variables

Study Questions Independent Variables Dependent Variables Control Variables
1. How could technology- The survey (student) Level of teacher/administrator The control site
integrated PBL be Instructions provided to study participation observations
implemented in a middle participants Private school demographics Control site CTP4
school science classroom as  Implementation of technology- pupil-teacher ratio Results

an augmentation to the
existing curriculum while
adhering to the curriculum
standards and lesson pacing
guidelines?

integrated PBL in a science
classroom

Lesson plans

Teacher willingness to
implement technology-integrated
PBL in the classroom
Administrative support for the
implementation of technology-
integrated PBL in the classroom

Availability of adequate
electronic digital devices and
technological infrastructure in
the classroom

school’s standardized testing
scores in reading, language arts,
mathematics, and science
Student artifacts

CTP4 test scores
Administrative support for
implementation (including the
provision of funding)

Student aptitude/attitude toward

school in general

Level of student English
proficiency

Student Prior knowledge
Student fatigue & Test anxiety
Formative /summative test
scores

Level of the technological
expertise of the individual
students

The degree of scientific ability

Control Site
Teacher Interview
Control sites
student artifacts
and criterion-
referenced
assessment results

2. How could the addition
of technology-integrated
PBL to other effective
teaching strategies used in a
science classroom lead to
changes in students’ attitude
and aptitude, resulting in an
improved overall academic
achievement for science?

The survey (student)
Instructions provided to study
participants

Implementation of technology-
integrated PBL in a science
classroom

Lesson plans

Teacher willingness to
implement technology-integrated
PBL in the classroom
Administrative support for the
implementation of technology-
integrated PBL in the classroom

Level of teacher/administrator
participation

Private school demographics
pupil-teacher ratio
Availability of adequate
electronic digital devices and
technological infrastructure in
the classroom

school’s standardized testing
scores in reading, language arts,
mathematics, and science
Student artifacts

The control site
observations
Control sites
student artifacts
and criterion-
referenced
assessment results
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3. What would be the
impact of administrative
support on the teachers’
attitude toward the
implementation of
technology-integrated PBL
to improve students’ levels
of academic achievement?

The survey (teacher, and
administrator)

Instructions provided to study
participants

Implementation of technology-
integrated PBL in a science
classroom

Lesson plans

Teacher willingness to
implement technology-integrated
PBL in the classroom
Administrative support for the
implementation of technology-
integrated PBL in the classroom

Level of teacher/administrator
participation

Private school demographics
pupil-teacher ratio
Availability of adequate
electronic digital devices and
technological infrastructure in
the classroom

school’s standardized testing
scores in reading, language arts,
mathematics, and science
CTP4 test scores
Administrative support for
implementation (including the
provision of funding)

Student aptitude/attitude toward
school in general

Level of student English
proficiency

Level of the technological
expertise of the individual
students

The control site
observations
Control Site
Teacher Interview

Discussion of the Quantitative Survey Results

In this study, descriptive and inferential statistics were used to form the basis of the

quantitative analysis of data and help the researcher to provide summaries about the samples and

the measures used during the data collection window. The level of significance of 0.05 was set

for each statistical analysis test used in this study. The data was uploaded and analyzed

quantitively using non-parametric inferential statistical analysis tests consisting of Spearman’s

Rank Correlation (Spearman Rho), and Wilcoxon Signed Rank test found in the Excel 2018

Data Analysis Tool Pack and Real Statistics Resource Pack for Excel 2018 (Zaiontz, 2019).

The Survey

The data generated by the Likert-style survey used for this study was ordinal data. The

data collected could only say one score was higher than another, but could not provide the

distance between the two points. The results of the student participants favorites academic

subjects, as stated in the Pre-study and Post-study surveys presented in Table 11 show a 15.2%

decrease for mathematics, a 2.5% increase for Spanish, a 7.9% decrease for Literature, a 2.2%
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increase for Art, a 0.8% increase for science and a 3.4% decrease for Language arts during the

life of the study.

Table 11

Student Participants Favorite Academic Subjects as Stated in the Pre-study and Post-study

Surveys
Pre-study Survey (% Liked)  Post-study Survey (% Liked)

Mathematics 74 58.8
Spanish 21 23.5
Literature 55 47.1
Art 36 38.2
Science 58 58.8
Language Arts 21 17.6
History 47 50

The summary of the results of the student participants' pre-study survey has been

presented in Table 12.

Table 12
Summary of the Results of the Student Participants Pre-study Survey
Question Strongly Agree Neutral Disagree Strongly
Agree (%) (%) (%) Disagree
(%) (%)
How Students Learn
6 I learn best in a traditional 5.30 31.60 52.60 10.50 0
classroom with a teacher directing
the learning.
7 I learn best when allowed to use a 28.90 44.70 15.80 10.50 0
variety of materials in addition to
the textbook to research and learn
the information I need to know
about the subject.
8 I learn best by talking and 21.10 36.80 28.90 10.50 2.60
thinking about topics during
whole-class discussions.
9 I learn best when I can gather the 21.10 31.60 26.30 18.40 2.60

information myself working in
collaborative groups instead of a
teacher just giving the
information.
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11

12

13

14
15

16

17

18

19

20

21

22

23

26
27

28

29

Use of Technology

I am comfortable using an iPad, a 71.10 15.80
laptop computer, and an iPhone.

I like using personal digital 52.60 26.30
devices in the classroom.

I learn more when I use personal 28.90 23.70
digital devices in the classroom.

I am distracted when allowed to 5.30 7.90
use personal digital devices in the

classroom.

10.50

18.40

28.90

26.30

Working in Collaborative Groups & Assessment

I like working in groups. 42.10 21.10

I like having jobs & 26.30 57.90
responsibilities as part of working

with a small group.

Completing a group project 73.70 15.80
requires that all the group

members participate in the

process.

I like working towards creating a 47.40 39.50
final product in class to show I

have mastered the concepts

studied.

I like it when the projects involve 40.50 37.80
the investigation of real-world

topics as they relate to the

community and the concepts

taught.

I like going beyond the classroom 59.90 16.20
to gain real-life experience and do

hands-on activities.

I like writing and reflecting about 2.70 13.50
what I learn in class.

I like receiving short lessons from 27 35.10
my teacher based on my needs.
I like being evaluated based on 37.80 37.80

my ongoing collection of
completed work rather than
relying only on tests.
I like it when my teacher models’ 51.40 35.10
different roles and acts as more
than just a teacher.
Attitude and Aptitude

I like to set personal goals. 43.20 37.80

I have the potential to achieve my 40.50 45.90
personal goals.

I like being able to have a choice 62.20 29.70
and voice over how I learn.

I like to take responsibility for my 51.40 35.10
success.

18.40
13.20

7.90

13.20

18.90

21.60

40.50

32.40

16.20

13.50

18.90
13.50

5.40

13.50

0

2.60

18.40

36.80

13.20

2.60

2.70

2.70

29.70

5.40

5.40

2.60

0

0

23.70

5.30
2.60

13.50

2.70
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30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

I am curious about the world
around me and like to learn new
things.

I believe that academic success is
essential.

My parents expect me to be
successful at school.

I like to win in a competitive
environment.

I like to be academically
challenged.

I believe that my ability and
confidence grow with my effort.
I believe that my teachers show

enthusiasm about the subjects they

teach.

I believe that my school is a place
where I accepted and valued as
part of a community of learners.

I like working collaboratively in a

supportive environment with
authentic problems.

Attitudes Towards Science Education

I like to learn by doing an activity

or an experiment rather than by
reading about the topic.

I believe that my science lessons
are relevant to my everyday life.
The science curriculum at my
grade level has an appropriate
level of difficulty.

I believe that science lessons are
fun.

I am considering a career in a

scientific field after I complete my

education.

59.50

48.60

89.20

40.50

27

40.50

48.60

40.50

40.50

70.30

27

32.40

32.40

21.60

24.30

43.20

10.80

37.80

43.20

40.50

32.40

32.40

37.80

10.80

37.80

51.40

43.20

18.90

Project-based Learning

PBL is when students work on a
project assigned by the teacher to
help them learn.

PBL is when students choose a
project to work on to show that
they have learned the lesson.
PBL is when students can do a
project in place of a test.

PBL is when students learn by
investigating an interesting
problem presented by the teacher.
PBL is when students learn by
investigating a problem with real-
life applications.

18.90

29.70

35.10

27

27

32.40

21.60

27

37.80

35.10

13.50

8.10

18.90

27

16.20

18.90

27

18.90

10.80

27

13.50

21.60

32.40

45.90

43.20

29.70

32.40

35.10

2.70

2.70

2.70

2.70

5.40

8.10

2.70

2.70

21.60

2.70

5.40

8.10

2.70

2.70
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2.70

5.40




A summary of the student’s Post-study survey data has been presented in Table 13, shown

below.
Table 13
Summary of the Results of the Student Participants Post-Study Survey
Question Strongly Agree Neutral Disagree  Strongly
Agree (%) (%) (%) Disagree
(%) (%)
How Students Learn
6 I learn best in a traditional 11.80 26.50 32.40 20.60 9
classroom with a teacher directing
the learning.
7 I learn best when allowed to use a 23.50 50.00 20.60 5.90 0
variety of materials in addition to
the textbook to research and learn
the information I need to know
about the subject.
8 I learn best by talking and 14.70 47.10 32.40 5.90 0
thinking about topics during
whole-class discussions.
9 I learn best when I can gather the 20.60 26.50 35.30 11.80 5.90
information myself working in
collaborative groups instead of a
teacher just giving the
information.
Use of Technology
10 I am comfortable using an iPad, a 58.80 29.40 11.80 0 0
laptop computer, and an iPhone.
11 I like using personal digital 50.00 32.40 14.70 2.90 0
devices in the classroom.
12 I learn more when I use personal 14.70 47.10 29.40 5.90 3
digital devices in the classroom.
13 I am distracted when allowed to 0 2.90 38.20 50.00 8.80
use personal digital devices in the
classroom.
Working in Collaborative Groups & Assessment
14 I like working in groups. 38.20 35.30 11.80 11.80 2.90
15 I like having jobs & 35.30 47.10 14.70 2 0
responsibilities as part of working
with a small group.
16 Completing a group project 64.70 32.40 2.90 0 0
requires that all the group
members participate in the
process.
17 I like working towards creating a 23.50 52.90 20.60 0 3
final product in class to show I
have mastered the concepts
studied.
18 I like it when the projects involve 29.40 41.20 26.50 2.90 0

the investigation of real-world
topics as they relate to the
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19

20

21

22

23

26
27

28

29

30

31

32

33

34

35

36

37

38

39

40

community and the concepts
taught.

I like going beyond the classroom 38.20 35.30
to gain real-life experience and do
hands-on activities.
I like writing and reflecting about 8.80 23.50
what I learn in class.
I like receiving short lessons from 29 26.50
my teacher based on my needs.
I like being evaluated based on my ~ 44.10 41.20
ongoing collection of completed
work rather than relying only on
tests.
I like it when my teacher models’ 32.40 50.00
different roles and acts as more
than just a teacher.

Attitude and Aptitude
I like to set personal goals. 32.40 44.10
I have the potential to achieve my 39.40 45.50
personal goals.
I like being able to have a choice 47.10 47.10
and voice over how I learn.
I like to take responsibility for my 55.90 29.40
success.
I am curious about the world 50.00 41.20
around me and like to learn new
things.
I believe that academic success is 55.90 35.30
essential.
My parents expect me to be 70.60 29.40
successful at school.
I like to win in a competitive 50.00 26.50
environment.
I like to be academically 35 44.10
challenged.
I believe that my ability and 44.10 38.20
confidence grow with my effort.
I believe that my teachers show 29.40 47.10
enthusiasm about the subjects they
teach.
I believe that my school is a place 38.20 35.30
where [ accepted and valued as
part of a community of learners.
I like working collaboratively in a 41.20 44.10

supportive environment with
authentic problems.

Attitudes towards Science Education

I like to learn by doing an activity 50.00
or an experiment rather than by

reading about the topic.

I believe that my science lessons 15
are relevant to my everyday life.

23.50

44.10

23.50

29.40

41.20

14.70

14.70

20.60
12.10

5.90

14.70

8.80

8.80

23.50

18

17.60

23.50

21

14.70

11.80

29
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2.90 0
26.50 11.80
2.90 0
0 0
3 0
3 0
3 0
0 3
0 0
0 0
0 0
0 0
0 0
2.90 0
0 0
0 0
6 0
0 0
11.80 2.90
11.80 0
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41 The science curriculum at my 20.60 55.90 17.60 5.90 0
grade level has an appropriate
level of difficulty.

42 I believe that science lessons are 23.50 44.10 26.50 5.90 0
fun.

43 I am considering a career in a 20.60 17.60 29.40 20.60 11.80
scientific field after I complete my
education.

Project-based Learning

44 PBL is when students work on a 11.80 44.10 44.10 0.00 0
project assigned by the teacher to
help them learn.

45 PBL is when students choose a 20.60 32.40 38.20 5.90 3
project to work on to show that
they have learned the lesson.

46 PBL is when students can do a 32.40 24 35.30 5.90 3
project in place of a test.
47 PBL is when students learn by 21 32.40 41.20 2.90 3

investigating an interesting
problem presented by the teacher.
48 PBL is when students learn by 18 38.20 41.20 0 3
investigating a problem with real-
life applications.

The results of a comparative analysis of pre-study and post-study surveys for questions
six through nine (how students learn) have been presented in Figure 23. As shown in Figure 23
52.6% of students stated a “neutral” position, and zero percent stated a “strongly disagree”
position towards learning in a traditional classroom with a teacher directing the learning
(question 6). In the Post-study survey, 32.4% of students stated a “neutral” position, and nine
percent reported a “strongly disagree” opinion towards learning in a traditional classroom with a
teacher directing the learning. Students’ opinions about the use of a variety of materials in
addition to the textbook to research and learn the information needed did not show significant
levels of change based on the data collected from the pre-study and post-study survey (question
7). Students’ opinions about gathering information independently and working in collaborative
groups instead of the teacher providing the information did not show significant levels of change
from the pre-study phase to the post-study period (question 9). In the pre-study step, 21.1% of

students strongly agreed, and 36.8% agreed that they learned best by talking and thinking about
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topics during whole-class discussions (question 8). In the post-study phase, 14.7 of students
strongly agreed, and 47.1% of students agreed that they learned best by talking and thinking
about topics during whole-class discussions. Despite the shifting of student opinions from one
category to another, the data showed that students believed strongly in the value of talking and

thinking about topics during whole-class discussions.

How Students Learn
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B Pre-Study Strongly Disagree (%) ™ Post-Study Strongly Disagree (%)

Figure 23. A Comparative Analysis of Pre-study and Post-study Surveys for Question
Six Through Nine (How Students Learn)

The results of a comparative analysis of pre-study and post-study surveys for questions
10 through 13 (Use of Technology) has been presented in Figure 24. As shown in Figure 24. in
the pre-study phase, 71.1% of students strongly agreed that they were comfortable using an iPad,
a laptop computer, and an iPhone (question 10). In the post-study phase, 58.8 of students
strongly agreed that they were comfortable using an iPad, a laptop computer, and an iPhone.
Despite the shifting of student opinions from one category to another, the data showed the

students believed that they were comfortable using an iPad, a laptop computer, and an iPhone.
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Students' opinions did not show the significant change between the pre-study and post-study
phase with regards to liking to use digital devices in the classroom (question 11). Despite the
shifting of student opinions from strongly agree to agree between the pre-study and the post-
study phase, the data showed the students believed that they learned more when using their
digital devices in the classroom (question 12). In the post-study phase, zero percent of students
strongly agreed, and 8.8% of students strongly disagreed that the use of technology in the
classroom is a distraction, thus showing that students did not consider the use of technology to be

a distraction in the classroom (question 13).

Use of Technology
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Figure 24. A Comparative Analysis of Pre-study and Post-study Surveys for Question
10 Through 13 (Use of Technology)

The results of a comparative analysis of pre-study and post-study surveys for questions
14 through 23 (working in collaborative groups and assessment) has been presented in Figure
25. As shown in Figure 25, the data collected showed that despite the shifting of student
opinions from one category to another, the students liked working in collaborative groups
(question 14) with jobs and responsibilities (question 15). Data for question 16 showed that

students agreed that the completion of a successful group project required the participation of all
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group members. Despite the shifting of student opinions from strongly agree to agree between
the pre-study and the post-study phase, the data showed the students liked working towards
creating a final product in class that demonstrated proficiency in the concepts learned. Data for
questions 18 and 19 show that students enjoy doing hands-on activities that allow them to go
beyond the classroom and gain real-world experience. Data collected for question 20 showed
that in the post-study phase most students were either neutral (29.4%), disagreed (26.5%) or
strongly disagreed (11.8%) with the idea of writing and reflecting about the projects as the means
of further learning. Data for question 21 showed that although many students liked receiving
short lessons from the teacher based on their needs, most students (41.2%) were neutral in the
post-study phase. Data collected for question 22 indicated that despite the shifting of student
opinions from one category to another, overall, students liked being evaluated based on their
ongoing collection of completed work rather than relying only on tests. Data for question 23
indicated that most of the students either strongly agreed or agreed that they liked having the

teacher model different roles and act as more than just a teacher.

Working in Collabrative Groups
80
60
4

2
. “ . || im.. i ‘| 1l || . h . . ‘“In “ “ “ IL.. ‘l .
14 15 16 17 18 19 20 21 22 23

® Pre-Study Strongly Agree (%) ™ Post-Study Strongly Agree (%)

o O

Pre-Study Agree (%) Post-Study Agree (%)
B Pre-Study Neutral (%) m Post-Study Neutral (%)
m Pre-Study Disagree (%) ® Post-Study Disagree (%)

B Pre-Study Strongly Disagree (%) B Post-Study Strongly Disagree (%)

Figure 25. A Comparative Analysis of Pre-study and Post-study Surveys for
Question 14 Through 23 (Working in Collaborative Groups & Assessment)
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The results of a comparative analysis of pre-study and post-study surveys for questions
26 through 38 (attitude and aptitude) have been presented in Figure 26. As shown in Figure 26,
the data collected for questions 26 through 31 do not show significant changes between the pre-
study and the post-study phase. The data collected showed despite the shifting of student
opinions from one category to another, the students liked to set personal goals (question 26)
because they have the potential to achieve their goals (question 27). Data for question 28 & 29
showed that students agreed that they like having a voice and choice and taking responsibility for
their learning and success. Data for questions 30 and 31 showed that students were generally
curious about the world around them and believed that academic success was critical. Most
students strongly agreed (pre-study= 89.2 and post-study=70.6) that their parents expected them
to be successful in school. Data for questions 33 and 34 show that students like to work in a
competitive environment that was academically challenging.

Furthermore, students indicated that their ability and confidence grew proportional to
their effort (question 35). Most students either strongly agreed (48.6) in the pre-study phase and
agreed (47.1%) in the post-study phase that their teachers were enthusiastic about the subjects
they taught (question 36). The data for questions 37 and 38 showed that students believed that
their school was a safe and supportive community of learners where they could work

collaboratively with authentic problems.
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Attitude and Aptitude
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Figure 26. A Comparative Analysis of Pre-study and Post-study Surveys for Question 26
Through 38 (Attitude and Aptitude)

The results of a comparative analysis of pre-study and post-study surveys for questions
39 through 43 (attitudes towards science education) has been shown in Figure 27. As shown in
Figure 27, the data collected for questions 39 showed that most of the students (70.3% pre-study
and 50% post-study) strongly agreed that they liked to learn by doing an activity or an
experiment rather than by reading about the topic. Most students strongly agreed or agreed that
their science lessons were relevant to everyday life and had the appropriate level of difficulty
(questions 40 and 41). Most students either strongly agreed or agreed that science lessons were

fun (question 42). Most students were neutral about considering scientific careers in the future

(Question 43).
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Attitudes Towards Science Education
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Figure 27. A Comparative Analysis of Pre-study and Post-study Surveys for Question
39 Through 43 (Attitudes towards Science Education)

The results of a comparative analysis of pre-study and post-study surveys for questions
44 through 48 (project-based learning) have been presented in Figure 28. As shown in Figure
28, the data collected for questions 44 showed that most of the students either agreed (pre-
study=32.4 and post-study=44.1) or were neutral (pre-study=45.9 and post-study=44.1) about the
definition of PBL as presented in the question ( PBL is when students work on a project assigned
by the teacher to help them learn). The data collected for question 45 showed that most of the
students were neutral (pre-study= 43.2 and post-study=38.2) about PBL being “when students
choose a project to work on to show that they have learned the lesson.” Despite the shifting of
student opinions from between the pre-study and the post-study phase, the data showed that
overall, students thought that PBL was “when students can do a project in place of a test,” as
stated in question 46. Furthermore, students believed that PBL was “when students learn by

investigating an interesting problem presented by the teacher” (question 47). Additionally,
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students believed that PBL was “when students learn by investigating a problem with real-life

applications” (question 48).

Project-based Learning
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Figure 28. A Comparative Analysis of Pre-study and Post-study Surveys for Question
44 Through 48 (Project-based Learning)

A summary of the teacher participant survey results has been presented in Table 14. It is
important to note that all survey respondents were teachers in grades 9-12 despite all 161
teachers (K-12) in the organization having been invited to participate in the survey.

Table 14

Teacher Participant Survey (N=12) Summary

Question Strongly Agree  Neutral Disagree  Strongly

Agree (%) (%) (%) (%) Disagree
(%)
Perceptions and Attitudes Towards Collaborative Work

8. I like to use complex tasks with multiple 41.66 8.33 33.33 8.33 8.33

solutions.

9.1 like to teach in a class in which students 50 25 16.66 8.33 0

execute experiments or complete projects.

10. I like to assign group work that encourages 66.66 25 8.33 0 0

discussion.
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11. T like to use activities that encourage
students to reflect on their learning.

12. T like to use a variety of teaching materials
in addition to the textbook.

13. I like to have my students go beyond the
classroom to gain real-life, hands-on
experience.

14. I believe that students gain insight by doing
experiments and hands-on activities.

15. I believe that working in groups helps
students to develop their social skills.

16. It is challenging to assess group projects and
determine if everyone has contributed and
participated in the project completion.

Understanding of Students’ Learning Style

19. Students learn best in a traditional classroom
with a teacher directing the learning.

20. Students learn best when allowed to use a
variety of materials in addition to the textbook
to research and learn the information they need
to know about the subject.

21. Students learn best by talking and thinking
about topics during whole-class discussions.
22. Students learn best when they gather the
information themselves working in
collaborative groups instead of a teacher just
giving the information.

Use of Technology in the Classroom

23. I am comfortable using an iPad, a laptop
computer, and an iPhone.

24. 1 like using personal digital devices in the
classroom.

25. I believe that students learn more when they
use personal digital devices in the classroom.

26. I believe that students’ understanding
increases when allowed to link technological,
mathematical & scientific concepts.

83.33

100

66.66

66.66

58.33

8.33

8.33

66.66

8.33

33.33

75

33.33

16.66

16.66

16.66

25

33.33

33.33

33.33

25

25

66.66

0

16.66

16.66

25

50

Use of PBL in the Classroom

28. I am familiar with the project-based learning
pedagogy.

29. I have implemented projects in my
classroom.

30. I am skilled at searching for projects to use
in my classroom.

31. I am confident in my ability to design
effective and engaging projects.

32. I like it when my students produce a final
product that demonstrates an understanding of
the concepts taught.

33. I think that technology-integrated PBL
contributes to student learning.

34. T am motivated to implement technology-
integrated PBL in my classroom.

16.66

58.33

41.66

41.66

75

25

16.66

41.66

33.33

16.66

33.33

16.66

66.66

33.33

8.33

8.33

16.66

25

8.33

25

50

8.33

41.66

33.33

33.33

41.66

8.33

33.33

8.33

8.33

8.33

50

41.66

33.33

16.66

8.33

8.33

16.66

8.33

25



Role of Administrative Support for Teachers
36. Administrative support is imperative to the 25 58.33 16.66 0 0
implementation of innovative teaching
strategies such as technology-integrated PBL in
my classroom.

37. The administrators at my school site have 58.33 41.66 0 0 0
always supported my decisions and role as an

educator.

38. The administrators at my school site make 58.33 41.66 0 0 0
me feel like | am making a difference.

39. The administrators at my school site are 50 50 0 0 0

interested in my professional development and
give me opportunities to grow.

40. I receive constructive feedback about my 33.33 50 16.66 0 0
work from my school site administrators.

41. 1 can easily access my administrators to 41.66 58.33 0 0 0
discuss problems and concerns.

42. My school site administrators ensure that I 3333 41.66 16.66 0 8.33
have adequate planning time.

43. My school site administrators encourage the 41.66 50 8.33 0 0

use of innovative teaching strategies to engage

students better.

44. My administrators make sure that [ have 58.33 41.66 0 0 0
space, time, and equipment I need to plan and

teach.

138

A summary of the administrator participant survey Likert question results has been
presented in Table 15. The teacher vs. administrator level of interest in learning about the
implementation of PBL results has been shown in Table 16.

Table 15

Administrator Participant Survey (N=3) Summary

Question Strongly =~ Agree  Neutral  Disagree  Strongly
Agree (%) (%) (%) Disagree
(%) (%)

Perceptions and Attitudes Towards Collaborative Work

8. I like to see teachers use complex tasks with 66.66 33.33 0 0 0

multiple solutions

9. I like classes in which students execute 100 0 0 0 0

experiments or complete projects.

10. I like group work that encourages 100 0 0 0 0

discussion.

11. T like activities that encourage students to 100 0 0 0 0

reflect on their learning.

12. T like to see teachers use a variety of 100 0 0 0 0

teaching materials in addition to the textbook.

13. T like to have students go beyond the 66.66 0 3333 0 0

classroom to gain real-life, hands-on
experience.



14. T believe that students gain insight by doing 66.66 33.33 0
experiments and hands-on activities.

15. I believe that working in groups helps 100 0 0
students to develop their social skills.

16. It is challenging to assess group projects and 0 33.33 33.33

determine if everyone has contributed and
participated in the project completion.
Understanding of Students’ Learning Style

19. Students learn best in a traditional 33.33 0 66.66
classroom with a teacher directing the learning.
20. Students learn best when allowed to use a 33.33 66.66 0

variety of materials in addition to the textbook
to research and learn the information they need
to know about the subject.

21. Students learn best by talking and thinking 33.33 33.33 33.33
about topics during whole-class discussions.
22. Students learn best when they gather the 33.33 33.33 33.33

information themselves working in
collaborative groups instead of a teacher just
giving the information.
Use of Technology in the Classroom

23. I am comfortable using an iPad, a laptop 66.66 33.33 0
computer, and an iPhone.

24. 1 like to see teachers and students using 33.33 66.66 0
personal digital devices in the classroom.

25. I believe that students learn more when they 33.33 0 66.66
use personal digital devices in the classroom.

26. I believe that students’ understanding 33.33 66.66 0

increases when allowed to link technological,
mathematical & scientific concepts.
Use of PBL in the Classroom

28. I am familiar with the project-based learning 0 66.66 33.33
pedagogy.

29. I have previously personally implemented 33.33 33.33 33.33
projects in a classroom.

30. I am personally skilled at searching for 0 66.66 33.33
projects to use in the classroom.

31. I am confident in my ability to help teachers 0 66.66 33.33
design effective and engaging projects.

32. 1 like a student-generated final product that 66.66 33.33 0
demonstrates an understanding of the concepts

taught.

33. I think that technology-integrated PBL 33.33 66.66 0
contributes to student learning.

34. I would like to see teachers implement 33.33 66.66 0

technology-integrated PBL in the classroom.

Role of Administrative Support in the Classroom
36. Administrative support is imperative to the 66.66 0 33.33
implementation of innovative teaching
strategies such as technology-integrated PBL in
the classroom.

37. 1 have always supported the teacher’s 100 0 0
decisions and role as an educator.
38. I believe that educators at my school site 100 0 0

make a difference.

33.33
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39. I strive to provide teachers with 66.66 0 33.33 0 0
opportunities for growth and professional

development.

40. I routinely provide constructive feedback to 33.33 33.33 33.33 0 0
my staff.

41. Teachers and staff can easily reach me as 66.66 33.33 0 0 0
needed.

42. 1 actively engage with my staff to ensure 33.33 33.33 0 33.33 0
that they have adequate planning time.

43. I encourage the use of innovative teaching 33.33 66.66 0 0 0

strategies to engage students better.

Table 16
Teacher vs. Administrator Level of Interest in Learning About Implementation of PBL
Question Teacher Administrators
Yes No Yes No
35. I would be interested in learning more about how I could 83.33 16.66 100 0

implement technology-integrated PBL in my classroom using the
existing curriculum.

Comparative analysis of data collected from the surveys administered to the teachers and
administrators (Tables 14 and 15) has been presented in Table 17. Comparison of data generated
by the students’ pre-study and post-study survey (Tables 12 and 13) and the teacher and
administrators’ surveys (Tables 14 and 15) has been shown in Table 18.

As shown in Table 17, 99.99% of administrators responding to the survey either strongly
agreed or agreed that they liked to see teachers use more complex tasks in the classroom,
whereas only 49.99% of teachers agreed with them. The survey results showed that 99.99% of
administrators were motivated to implement technology-integrated PBL in the classroom,
whereas 49.99% of teachers agreed with them. As shown in Table 18, an average of 30.9% of
students either strongly agreed or agreed that they learned more when they used their digital

devices as opposed to 18.74 of teachers and administers who agreed with them.



Table 17

Comparative Analysis of Teachers vs. Administrators
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Teachers Administrators
Strongly Strongly Agreed
Agreed or or Agreed (%)
Agreed (%)
Liked to use complex tasks with multiple solutions in their classroom. 49.99 99.99
I liked to use a variety of teaching materials in addition to the textbook. 100 100
Challenging to assess group projects and determine if everyone has 41.63 33.33
contributed and participated in the project completion.
They were familiar with project-based learning pedagogy. 58.32 66
They had implemented projects in their classrooms. 99 66
They were skilled in searching for projects to use in the classroom. 58.32 66
They were motivated to implement technology integrated PBL in the 49.99 99.99
classroom.
Administrative support is imperative to the implementation of innovative 83.3 66
teaching strategies such as technology-integrated PBL in my classroom.
The school site administrators support educators. 99 100
The school site administrators believe that teachers make a difference. 99 100
The school site administrators are interested in their professional 100 66
development and provide them with adequate opportunities.
They were provided with constructive feedback about their work. 83.3 66.66
They have adequate planning time. 74.99 66.66
They were encouraged to use innovative teaching strategies to engage 91.66 99.99
students better
They had adequate space, time, and equipment needed to plan and teach. 99.99 NA
Table 18
Comparison of the Average Percent Value for Strongly Agree and Agree in
Students, Teachers, and Administrators Surveys
The questions in the Teacher and  Average of Total Scores  The questions in Average of
Administrator Survey (%) for Strongly Agree the Student Survey  Total Scores
and Agree (Teacher and (%) for
Administrator Survey) Strongly Agree
and Agree
(Students)
19. Students learn best in a 16.66 6.1 learn best in a 19.15
traditional classroom with a teacher traditional classroom
directing the learning. with a teacher
directing the learning.
20. Students learn best when 4791 7.1 learn best when 36.75

allowed to use a variety of materials

in addition to the textbook to
research and learn the information

they need to know about the subject.

allowed to use a
variety of materials in
addition to the
textbook to research
and learn the
information I need to
know about the
subject.



21. Students learn best by talking
and thinking about topics during
whole-class discussions.

22. Students learn best when they
gather the information themselves
working in collaborative groups
instead of a teacher just giving the
information.

23. T am comfortable using an iPad,
a laptop computer, and an iPhone.

24. 1 like using personal digital
devices in the classroom.

25. I believe that students learn
more when they use personal digital
devices in the classroom.

10. I like to assign group work that
encourages discussion.

15. I believe that working in groups
helps students to develop their
social skills.

32. I like it when my students
produce a final product that
demonstrates an understanding of
the concepts taught.

13. T like to have my students go
beyond the classroom to gain real-
life, hands-on experience.

3541

24.99

4791

37.49

18.74

4791

4791

4791

39.58

8. I learn best by
talking and thinking
about topics during
whole-class
discussions.

9.1 learn best when I
can gather the
information myself
working in
collaborative groups
instead of a teacher
just giving the
information.

10. T am comfortable
using an iPad, a
laptop computer, and
an iPhone.

11. I like using
personal digital
devices in the
classroom.

12. I learn more when
I use personal digital
devices in the
classroom.

14. 1 like working in
groups.

15. T like having jobs
& responsibilities as
part of working with
a small group.

17. 1 like working
towards creating a
final product in class
to show I have
mastered the
concepts studied.

19. T like going
beyond the classroom
to gain real-life
experience and do
hands-on activities.

30.9

23.55

44.1

38.7

30.9

36.75

41.2

38.2

36.75
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Criterion-Referenced Tests

Sixth-grade. Criterion-referenced tests were considered ordinal data as indicators of the

students’ performance. Diagnostic (pretest) and benchmark (posttest)
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sixth-grade results for chapters one to five have been presented in Table 19, shown below. The
data has been presented in both the actual raw score as well as the percentage of the total number
of points represented.

Table 19

Sixth-grade Criterion-referenced Diagnostic and Benchmark Tests

Participant Diagnostic Diagnostic Diagnostic Benchmark Benchmark Benchmark
Code test test test Test Ch.1-5 Test Ch.1-5 Test Ch 1-5
Ch1-5 Ch1-5 Ch 1-5 (%) Split Half (%)
Split-Half
NAG6F1 19 19 63 32 80
NA6M2 19 63 32 32 80
KC6M3 22 22 73 33.5 83
RD6MA4 19 63 32 32 80
SK6MS5 21 21 70 32.5 81
HP6M6 22 73 37.5 37.5 93
NP6M7 20 20 66 31 77
MR6M8 19 63 27 27 67
AS6F9 20 20 66 35.5 88
IS6F10 23 76 29.5 29.5 73
AT6F11 19 19 63 34 85
SV6F12 19 63 28.5 28.5 71
SA6F13 13 13 43 32 80
AH6M14 23 76 32 32 80
ANG6F15 16 16 53 29.5 73
ST6F16 18 60 25 25 62

The descriptive data analysis results for the sixth-grade criterion-referenced diagnostic
test has been presented in Table 20 According to the data analysis, most of the non-normally
distributed (Figure 29) sample (SD= 8.452810184) scores fell to the right of the center

(Mdn=63, skewness=-0.949860594) with a skinny-tailed distribution (Kurtosis = 1.787350752).



Table 20

Descriptive Data Analysis Results for Sixth-grade Diagnostic Test Ch 1-5 (%)

Sixth-grade Diagnostic Test Ch 1-5 (%)

Mean 64.625
Standard Error 2.113202546
Median 63
Mode 63
Standard Deviation 8.452810184
Sample Variance 71.45
Kurtosis 1.787350752
Skewness -0.949860594
Range 33
Minimum 43
Maximum 76
Sum 1034
Count 16
Largest (1) 76
Smallest (1) 43
Confidence Level (95.0%) 4.504184606
Sixth-grade Diagnostic Test Ch.1-5 (%)
0.05
0.04
g
= 0.03
b=t
@ 0.02
@)
0.01
0
0 10 20 30 40 50 60 70 80 90
Scores (%)

Figure 29. Sixth-grade Diagnostic Test (Ch.1-5)
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The descriptive data analysis results for the sixth-grade criterion-referenced benchmark

test has been presented in Table 21 According to the data analysis, most of the non-normally

distributed (Figure 30) sample (SD= 7.760745239) scores fell to the right of the center

(Mdn=80, skewness = -0.319231192) with a skinny-tailed distribution (Kurtosis = 0.398984701).
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Table 21

Descriptive Data Analysis Results for Sixth-grade Benchmark Test Ch 1-5 (%)
Sixth-grade Benchmark Test Chapter 1-5 (%)

Mean 78.3125
Standard Error 1.94018631
Median 80
Mode 80
Standard Deviation 7.760745239
Sample Variance 60.22916667
Kurtosis 0.398984701
Skewness -0.319231192
Range 31
Minimum 62
Maximum 93
Sum 1253
Count 16
Largest (1) 93
Smallest (1) 62
Confidence Level (95.0%) 4.135409228

Sixth-grade Benchmark Test Ch.1-5 (%)

0.06
0.05
0.04
0.03
0.02
0.01

10on

Distribut

0 2 4 6 8 10 12 14 16 18
Score (%)

Figure 30. Sixth-grade Benchmark Test (Ch.1-5)
A comparative analysis of the results of diagnostic and benchmark tests showed that
ninety-four percent (15 out of 16) of the participants demonstrated measurable gains, as shown in

Figure 31 below. Participant ST6F16 demonstrated a positive gain of two percentage points.
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Sixth-grade Criterion-referenced Diagnostic vs. Benchmark Testing Scores (%) for
Chapters 1-5

100
90
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Figure 31. Sixth-grade Diagnostic and Benchmark Criterion-referenced Testing Scores(%)

The sixth-grade criterion-referenced diagnostic and benchmark test results were further
analyzed using the Wilcoxon Signed-Rank Test. Because of the small sample size (n=16), the
data analysis for the evaluation of the hypothesis required the use of the W-value. The results of
the Wilcoxon Signed-Rank test (Table 22) for diagnostic and benchmark tests indicate that the

test results were significant at p < 0.05.

Table 22

Sixth-grade Wilcoxonon Signed-Rank Test for Diagnostic and Benchmark Tests
W-value 2
Mean Difference -15.38
Sum of positive ranks 2
Sum of negative ranks 134
Mean (W) 68
Standard Deviation (W) 19.34
Sample Size (V) 16

The value of W is 2. The critical value for Wat N=16 (p <.05) is 23.
The result is significant at p <.05.
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A comparative analysis was conducted (Table 23) between the results of the sixth-grade
diagnostic and benchmark test using the Spearman Rho non-parametric test showed that the

association between the two variables (r=0.39742) was not considered statistically significant.

Table 23

Sixth-grade Spearman Rho Test for Diagnostic and Benchmark Tests
X Ranks Mean 8.5
X Ranks Standard Deviation 4.63
Y Ranks Mean 8.5
Y Ranks Standard Deviation 4.69
Combined

Covariance = 129.25 /15 = 8.62

R=8.62/(4.63 * 4.69)=0.397

rs=0.39742, p (2-tailed) = 0.12743.

By normal standards, the association between the two variables would not be considered statistically significant.

The sixth-grade Introducing the Earth pretest and posttest results have been presented in
Table 24. The data has been presented in both the actual raw score as well as the percentage of
the total number of points represented.

Table 24

Sixth-grade Criterion-Referenced Pretests and Posttests (Introducing the Earth)

Participant  Introducing Introducing Introducing Introducing Introducing Introducing
Code Earth-Pre test ~ Earth-Pretest  Earth-Pretest Earth-Post Earth-Post- Earth-Post (%)
Split-half (%) test Split-half
Reliability Reliability

NAG6F1 8 62 10 100
NA6M2 6 6 46 10 10 100
KC6M3 10 77 10 100
RD6MA4 7 7 54 10 10 100
SK6MS5 10 77 9 90
HP6M6 10 10 77 10 10 100
NP6M7 8 62 10 10
MRO6MS 6 6 46 7 7 70
AS6F9 9 69 9 90
IS6F10 9 9 69 10 10 100
AT6F11 6 46 10 100
SV6F12 6 6 46 10 10 100
SA6F13 8 62 6 60
AH6M14 6 6 46 7 7 70
ANGF15 7 54 7 70
ST6F16 6 6 46 7 7 70
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The descriptive data analysis results for the sixth-grade criterion-referenced Introducing,

the Earth pretest, has been presented in Table 25 According to the data analysis, most of the non-

normally distributed (Figure 32) sample (SD= 12.27853819) scores fell to the left of the center

(Mdn=58, skewness = 0.340200022) with a skinny-tailed distribution (Kurtosis = -1.443433103).

Table 25

Sixth-grade Criterion-referenced Introducing the Earth Pretest

Sixth-grade Introducing the Earth Pretest (%)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

58.6875
3.069634547
58

46
12.27853819
150.7625
-1.443433103
0.340200022
31

46

77

939

16

77

46
6.542771159

0.035

0.03

0.025

0.02

0.015

Distribution

0.01

0.005

Figure 32. Sixth-grade Criterion-referenced Introducing the Earth Pretest
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The descriptive data analysis results for the sixth-grade criterion-referenced Introducing

the Earth posttest has been presented in Table 26. According to the data analysis, most of the

non-normally distributed (Figure 33) sample (SD=24.418231) scores fell to the right of the

center (Mdn=95, skewness =-1.9537001) with a fat-tailed distribution (Kurtosis = 4.6010104).

Table 26

Sixth-grade Criterion-referenced Introducing the Earth posttest

Sixth-grade Introducing the Earth Posttest (%)

Mean 83.125
Standard Error 6.1045577
Median 95
Mode 100
Standard Deviation 24.418231
Sample Variance 596.25
Kurtosis 4.6010104
Skewness -1.9537001
Range 90
Minimum 10
Maximum 100
Sum 1330
Count 16
Largest (1) 100
Smallest (1) 10
Confidence Level (95.0%) 13.011557
Introducing the Earth Posttest (%)
0.02
g 0.015
g

= 0.0l

2 0.005

0

0 2 4 6 8 10 12 14 16 18

Figure 33. Sixth-grade Criterion-referenced Introducing the Earth Posttest

Scores (%)

A comparative analysis of the results of Introducing the Earth pretest and posttest showed

that eighty-eight percent (14 out of 16) of the participants demonstrated measurable gains, as
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shown in Figure 34. Participant NP6M7 demonstrated a substantial adverse change of 52
percentage points, as seen in Figure 34, due to a prolonged absence from school that led to a
considerable loss of academic time. Participant SA6F13 demonstrated a negligible negative

change of two percentage points.

Sixth-grade Introducing the Earth Criterion-referenced Testing Scores (%)
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Figure 34. Sixth-grade Introducing the Earth Criterion-referenced Testing Score (%)

Wilcoxon Signed-Rank Test result details for sixth-grade criterion-referenced Introducing
the Earth pretest and posttest have been presented in Table 27. The W-value was used to
evaluate the hypothesis because of the small sample number (n=16). The results of the Wilcoxon
Signed-Rank test (Table 27) for Introducing the Earth criterion-referenced test indicated that the

results were significant at p < 0.05.
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Table 27

Sixth-grade Wilcoxon Signed-Rank Test for Introducing the Earth
Criterion-referenced Test

W-value 14
Mean Difference -41.31
Sum of positive ranks 14
Sum of negative ranks 122
Mean (W) 68
Standard Deviation (/) 19.34
Sample Size (V) 16

The value of Wis 14. The critical value for Wat N= 16 (p <.05) is 23.
The result is significant at p <.05.

A comparative analysis of the data was conducted between the results of the sixth-grade
Introducing the Earth criterion-referenced test using the Spearman Rho non-parametric test
(Table 28) showed that the association between the two variables (r=0.13946) was not

considered statistically significant.

Table 28

Sixth-grade Spearman Rho Introducing the Earth Criterion-referenced Test
X Ranks Mean 8.5
X Ranks Standard Deviation 4.6
Y Ranks Mean 8.5
Y Ranks Standard Deviation 442
Combined

Covariance =42.5/15=2.83

R=12.83/(4.6 *4.42)=0.139

rs = 0.13946, p (2-tailed) = 0.60647.

By normal standards, the association between the two variables would not be considered statistically
significant.

The sixth-grade Plate Tectonics pretest and posttest results have been presented in Table
29, shown below. The data has been presented in both the actual raw score as well as the

percentage of the total number of points represented.
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Table 29
Sixth-grade Criterion-referenced Introducing Plate Tectonics Pretests and Posttests
Participant ~ Plate Plate Plate Plate Plate Plate
Code Tectonics Tectonics Tectonics Tectonics Tectonics Tectonics
Pretest Pretest Pretest (%)  Posttest Posttest Posttest
Split-half Split-half (%)
Reliability Reliability

NAG6F1 5 50 6 6 85

NA6M2 4 4 40 6 85

KCo6M3 7 70 5 5 71
RD6M4 5 5 50 7 100
SK6M5 6 60 7 7 100
HP6M6 7 7 70 7 100

NP6M7 7 70 6 6 85

MR6M8 4 4 40 6 85

AS6F9 7 70 6 6 85

IS6F10 6 6 60 5 71

AT6F11 6 60 6 6 85

SV6F12 7 7 70 5 71

SAG6F13 4 40 6 6 85

AH6M14 8 8 80 5 71
ANGF15 6 60 7 7 100

ST6F16 8 8 80 5 71

The descriptive data analysis results for the sixth-grade criterion-referenced Introducing
Plate Tectonics pretest has been presented in Table 30. According to the data analysis, most of
the non-normally distributed (Figure 35) sample (SD= 13.40087062) scores fell to the right of

the center (Mdn=60, skewness = -0.318324615) with a skinny-tailed distribution (Kurtosis = -

0.962867861).
Plate Tectonics Pretest (%)
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Figure 35. Sixth-grade Criterion-referenced Introducing Plate Tectonics Posttest
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Table 30

Sixth-grade Criterion-referenced Introducing Plate Tectonics Posttest
Plate Tectonics Pretest (%)

Mean 60.625
Standard Error 3.350217655
Median 60
Mode 70
Standard Deviation 13.40087062
Sample Variance 179.5833333
Kurtosis -0.962867861
Skewness -0.318324615
Range 40
Minimum 40
Maximum 80
Sum 970
Count 16
Largest (1) 80
Smallest (1) 40
Confidence Level (95.0%) 7.140819897

The descriptive data analysis results for the sixth-grade Introducing Plate Tectonics
criterion-referenced posttest has been presented in Table 31. According to the data analysis, most
of the non-normally distributed (Figure 36) sample (SD= 11.17661) scores fell to the left of the

center (Mdn=85, skewness = 0.179934) with a skinny-tailed distribution (Kurtosis = -1.1648).

Introducing Plate Tectonics Posttest (%)
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Figure 36. Sixth-grade Criterion-referenced Introducing Plate Tectonics Posttest
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Sixth-grade Introducing Plate Tectonics Criterion-referenced Posttest

Introducing Plate Tectonics Posttest (%)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

84.375
2.794153
85

85
11.17661
124.9167
-1.1648
0.179934
29

71

100

1350

16

100

71
5.955596
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A comparative analysis of the results of Plate Tectonics pretest and posttest showed that

seventy-five percent (12 out of 16) of the participants demonstrated measurable gains, as shown

in Figure 37 below. Participant SV6F12 demonstrated a negligible positive change of one

percentage point, as seen in Figure 37. Participant ST6F16 demonstrated a negative adjustment

of nine percentage points, as seen in Figure 37.

Plate Tectonics Criterion-referenced Testing Score (%)
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Figure 37. Plate Tectonics Criterion-referenced Testing Score (%)
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Wilcoxon Signed-Rank Test results for the sixth-grade criterion-referenced Introducing
Plate Tectonics pretest and posttest have been presented in Table 32. Because of the small
sample size (N=16), the W-value was used to evaluate the hypothesis. The results of the
Wilcoxon Signed-Rank test (Table 32) for Introducing Plate Tectonics tests indicated that the

test results were significant at p < 0.05.

Table 32

Sixth-grade Wilcoxon Signed-Rank Test for Introducing Plate Tectonics Tests
W-value 7
Mean Difference -24.38
Sum of positive ranks 7
Sum of negative ranks 129
Mean (W) 68
Standard Deviation (/) 19.34
Sample Size (V) 16

The value of Wis 7. The critical value for Wat N=16 (p <.05) is 23.
The result is significant at p <.05.

A comparative results analysis was conducted between the data collected for the sixth-
grade Introducing Plate Tectonics test using the Spearman Rho non-parametric test (Table 33)
showed that the association between the two variables (r=-0.4325) was not considered
statistically significant.
Table 33

Sixth-grade Spearman Rho Test for Introducing Plate Tectonics Tests

X Ranks Mean 8.5
X Ranks Standard Deviation 4.63
Y Ranks Mean 8.5
Y Ranks Standard Deviation 4.45
Combined

Covariance =-133.75 /15 =-8.92

R=-8.92/(4.63 * 4.45)=-0.433

s = -0.4325, p (2-tailed) = 0.09429.

By normal standards, the association between the two variables would not be considered statistically significant.
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The sixth-grade Wilcoxon Signed-Rank Test for the criterion-referenced tests showed
that the difference between the pretests and posttest were statistically significant at p <.05.
However, testing results using the Spearman Rho showed that by normal standards, the
association between the implementation of PBL and test scores was not considered statistically
significant.

The sixth-grade Pangea, Continents Adrift, Plate Tectonics, Rocks and Mineral
Identification, and the Rock Cycle project results were presented in Table 34. Students designed
and created projects to demonstrate the movement of Tectonic plates through geological time.
As part of the Continents Adrift projects, students were asked to use the information they
gathered when completing their Pangea projects to predict where the Tectonic plates may move
to in the next 1,000,000 years of geological time. Examples of students creating their Pangea

and Continents Adrift projects can be seen in Figure 38.

Figure 38. Students’ Pangea and Continents Adrift Projects

Examples of students creating their Plate Tectonics projects and a sample of a project in
progress can be seen in Figure 39. Students were expected to design a project with “moving
parts” that could demonstrate the causes of Tectonic Plates movements. This particular group

chose to create an animation.



Figure 39. Student’s Plate Tectonic Projects
A sample of a student’s final Rock Cycle Project presentation has been presented in
Figure 40. The students were asked to design a project that would allow them to demonstrate

their understanding of the Rock Cycle process.
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Figure 40. Sample of Student’s Final presentation for the Rock Cycle Project
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Participant NP6M7 did not complete the documentation needed for the Pangea project

and therefore lost points for the Pangea project. Participant NP6M7 was unable to complete and

submit the Continents Adrift project (NA*=Not able to submit) due to illness and prolonged

absence from school. Participants marked with an asterisk did not submit part of the required

documentation for the projects they were working on and therefore lost points. The number of

points students lost varied depending on the nature of missing documentation.

Table 34
Sixth-grade PBL Projects Final Assessment Scores
Participant Pangea Project Continents Plate Rock and Rock Cycle
Code (%) Adrift (%) Tectonic Mineral Skits (%)
Project (%)  Identification
Projects (%)

NAG6F1* 100 90 90 100 100
NA6M2* 100 100 86 95 100
KCo6M3* 100 90 100 100 100
RD6M4* 100 50 80 95 100
SK6M5* 100 70 86 100 100
HP6M6* 100 90 96 100 100
NP6M7* 80 NA* 70 100 100
MR6M8* 100 80 86 100 100
AS6F9* 100 70 90 95 100
IS6F10* 100 70 76 100 100
AT6F11* 100 80 76 88 100
SV6F12* 100 100 90 100 100
SA6F13 100 100 100 100 100
AH6M 14* 100 80 50 100 75
ANG6F15* 100 100 50 100 75
ST6F16* 100 70 50 100 100

The descriptive data analysis results for the sixth-grade Pangea project has been

presented in Table 35. According to the data analysis, most of the non-normally distributed

(Figure 41) sample (SD=5) scores fell to the right of the center (Mdn=100, skewness = -4).



Table 35
Pangea Project
Pangea Projects %
Mean 98.75
Standard Error 1.25
Median 100
Mode 100
Standard Deviation 5
Sample Variance 25
Kurtosis 16
Skewness -4
Range 20
Minimum 80
Maximum 100
Sum 1580
Count 16
Largest (1) 100
Smallest (1) 80
Confidence Level (95.0%) 2.664311932
Pangea Project (%)
0.09
0.08
0.07
g 0.06
E 0.05
E 0.04
A 0.03
0.02
0.01
0
0 20 40 60 80 100 120
Scores (%)

Figure 41. Pangea Project

The descriptive data analysis results for the sixth-grade Continents Adrift project has
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been presented in Table 36. According to the data analysis, most of the non-normally distributed

(Figure 42) sample (SD=25.1661) scores fell to the right of the center (Mdn=80, skewness = -

2.0866) with a fat-tailed distribution (Kurtosis=16). Participant NP6M7 was not able to

complete and submit this project due to illness.



Table 36

Sixth-grade Continents Adrift project

Continents Adrift %

Mean 77.5
Standard Error 6.29153
Median 80
Mode 70
Standard Deviation 25.1661
Sample Variance 633.333
Kurtosis 5.67011
Skewness -2.0866
Range 100
Minimum 0
Maximum 100
Sum 1240
Count 16
Largest (1) 100
Smallest (1) 0
Confidence Level (95.0%) 13.4101
Continenents Adrift (%)
0.018
0.016
0.014
0.012
£ 001
20.008
£0.006
~0.004
0.002
0
0 20 40 60 80 100 120

Scores (%)

Figure 42. Sixth-grade Continents Adrift project
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The descriptive data analysis results for the sixth-grade Plate Tectonics project has been

presented in Table 37. According to the data analysis, most of the non-normally distributed

(Figure 43) sample (SD= 16.9214) scores fell to the right of the center (Mdn=86, skewness = -

0.8674) with a skinny-tailed distribution (Kurtosis=-0.3023).



Table 37

Sixth-grade Plate Tectonics Project

Plate Tectonic Project (%)

Mean 79.75
Standard Error 4.23035
Median 86
Mode 50
Standard Deviation 16.9214
Sample Variance 286.333
Kurtosis -0.3023
Skewness -0.8674
Range 50
Minimum 50
Maximum 100
Sum 1276
Count 16
Largest (1) 100
Smallest (1) 50
Confidence Level (95.0%) 9.01677
Plate Tectonic Project (%)
0.025
0.02
S
e 0.015
2
Z 0.0l
a
0.005
0
0 20 40 60 80 100 120

Score (%)

Figure 43. Sixth-grade Plate Tectonics Project

161

The descriptive data analysis results for the sixth-grade Rock and Mineral Identification

project has been presented in Table 38. According to the data analysis, most of the non-normally

distributed (Figure 44) sample (SD= 3.4003676) scores fell to the right of the center (Mdn=86,

skewness = -2.224833) with a fat-tailed distribution (Kurtosis= 5.0615735).



Table 38

Sixth-grade Rock and Mineral Identification Project

Rock and Mineral Identification Project (%)

Mean 98.3125
Standard Error 0.8500919
Median 100
Mode 100
Standard Deviation 3.4003676
Sample Variance 11.5625
Kurtosis 5.0615735
Skewness -2.224833
Range 12
Minimum 88
Maximum 100
Sum 1573
Count 16
Largest (1) 100
Smallest (1) 88
Confidence Level (95.0%) 1.811928
Rock and Mineral Identification (%)

0.12

0.1

£ 0.08

= )

2 0.06

2 0.04

0.02

0

86 88 90 92 94 96 98 100 102

Scores(%)

Figure 44. Sixth-grade Rock and Mineral Identification Project

The descriptive data analysis results for the sixth-grade Rock Cycle project has been

presented in Table 39. According to the data analysis, most of the non-normally distributed
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(Figure 45) sample (SD= 8.53913) scores fell to the right of the center (Mdn=100, skewness = -

2.5095) with a fat-tailed distribution (Kurtosis= 4.89796).



Table 39

Sixth-grade Rock Cycle Project

Rock Cycle (%)
Mean 96.875
Standard Error 2.13478
Median 100
Mode 100
Standard Deviation 8.53913
Sample Variance 72.9167
Kurtosis 4.89796
Skewness -2.5095
Range 25
Minimum 75
Maximum 100
Sum 1550
Count 16
Largest (1) 100
Smallest (1) 75
Confidence Level (95.0%) 4.55018
Rock Cycle (%)

0.05

0.04

. § 0.03

2 0.02

A 0.01

0

0 20 40 60 80 100 120
-0.01

Scores (%)

Figure 45. Sixth-grade Rock Cycle Project
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A comparative analysis of the sixth-grade project scores showed that the most frequent

score earned by students was 100 percent, as can be seen in Figure 46.
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Sixth-grade Projects

60

J

50 A

N
(e
1

Frequency
(98
(e
1

B Frequency

20

1

10 -

50 55 60 65 70 75 80 8 90 95 100 More
Bin
Figure 46. Sixth-grade Projects Histogram
Seventh-grade. The seventh-grade diagnostic (pretest) and benchmark (posttest) tests (chapter 1-
3) results have been presented in Table 40. The data has been presented in both the actual raw

score as well as the percentage of the total number of points represented.



Table 40
Seventh-grade Criterion-Referenced Diagnostic and Benchmark Tests
Participant Diagnostic  Diagnostic  Diagnostic ~ Benchmark  Benchmark  Benchmark
Code Test: Test Test Test Test Test
Chapters Chapters Chapters Chapters 1-  Chapters 1-  Chapters 1-
1-3 1-3 Split- 1-3% 3 3 Split-half 3%
half Reliability
Reliability
MAT7F17 22 73 24 24 80
AGT7F18 20 20 67 20.5 68
JGTM19 19 19 63 17 17 56
CH7M20 18 60 29 96
DK7F21 13 13 43 23 23 76
IN7F22 14 46 18 60
IT7F23 11 11 37 5 5 16
KATM24 23 23 77 28 93
SB7F25 21 70 23.5 23.5 78
BC7M26 21 21 70 30 100
VGTF27 15 15 50 26.5 26.5 88
AJTF28 15 50 26 86
AMTM29 21 21 70 29 29 96
MN7F30 17 17 57 28 93
DS7F31 15 50 24.5 24.5 82
TS7TM32 21 21 70 26 87
RT7M33 15 15 50 27.5 27.5 92
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The descriptive data analysis results for the seventh-grade criterion-referenced diagnostic

test have been presented in Table 41. According to the data analysis, most of the non-normally

distributed (Figure 47) sample (SD= 12.0467838) scores fell to the right of the center (Mdn=60,

skewness = -0.218299086) with a skinny-tailed distribution (Kurtosis=-1.231649121).



Table 41

Seventh-grade Criterion-referenced Diagnostic Test

Seventh-grade Diagnostic Test: Chapters 1-3 (%)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

59
2.921774239
60

50
12.0467838
145.125
-1.231649121
-0.218299086
40

37

77

1003

17

77

37
6.193884693

0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

0n

Distribut

Figure 47. Seventh-grade Criterion-referenced Diagnostic Test

Seventh-grade Diagnostic Test Ch.1-5 (%)

20

30

40

Scores

50

60

70

80 90

The descriptive data analysis results for the seventh-grade criterion-referenced
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benchmark test have been presented in Table 42. According to the data analysis, most of the non-
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normally distributed (Figure 48) sample (SD=20.5746) scores fell to the right of the center
(Mdn=86, skewness = -2.0074) with a fat-tailed distribution (Kurtosis= 4.92567).
Table 42

Seventh-grade Criterion-referenced Benchmark Test
Seventh-grade Benchmark Test (%)

Mean 79.2353
Standard Error 4.99009
Median 86
Mode 93
Standard Deviation 20.5746
Sample Variance 423316
Kurtosis 4.92567
Skewness -2.0074
Range 84
Minimum 16
Maximum 100
Sum 1347
Count 17
Largest (1) 100
Smallest (1) 16
Confidence Level (95.0%) 10.5785

Seventh-grade Benchmark Test (%)
0.025

0.02
0.015

0.01

Distribution

0.005

0 2 4 6 8 10 12 14 16 18
Scores (%)

Figure 48. Seventh-grade Criterion-referenced Benchmark Test
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A comparative analysis of the results of criterion-referenced diagnostic and benchmark
tests showed that ninety-four percent (16 out of 17) of the participants demonstrated measurable
gains, as shown in Figure 49 below. Participant MA7F17 showed a loss of 21 percentage points,

possibly due to illness and loss of academic time due to absence.

Seventh- grade Criterion-referenced Diagnostic vs. Benchmark Test Scores (%)

100

80

60

40

0 Diagnostic Test: Chapters 1-3 %
~ 0 O © — N o 1N O >~ 0 N S — A
— = = & & & A Q0 6 ;0 o0 oo
cEZEEEEZEZEEZEEZC
S2oghE=EgRgR<3s8¢2y

B Diagnostic Test: Chapters 1-3 % m Benchmark Test: Chapters 1-3 %

Figure 49. Seventh-grade Criterion-referenced Diagnostic vs. Benchmark Testing Scores (%)
Wilcoxon Sign Rank test results for the seventh-grade criterion-referenced diagnostic and

benchmark tests have been presented in Table 43. The small sample size (N=17), meant that the

W-value had to be used to evaluate the hypothesis. The results of the Wilcoxon Signed-Rank test

(Table 43) for diagnostic vs. benchmark tests were significant at p < 0.05.
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Table 43

Wilcoxon Signed-Rank Test for Diagnostic vs. Benchmark Tests
W-value 4.5
Mean Difference 3
Sum of positive ranks 4.5
Sum of negative ranks 148.5
Mean (W) 76.5
Standard Deviation (W) 21.12
Sample Size (N) 16

The value of W is 4.5. The critical value for Wat N=17 (p < .05) is 27.
The result is significant at p <.05.

Comparative data analysis was conducted between the results of the seventh-grade
diagnostic vs. benchmark tests using the Spearman Rho non-parametric test (Table 44) showed

that the association between the two variables (r= 0.98578) was considered statistically

significant.

Table 44

Seventh-grade Spearman Rho Test for Diagnostic vs. Benchmark Tests
X Ranks Mean 9
X Ranks Standard Deviation 4.99
Y Ranks Mean 9
Y Ranks Standard Deviation 5.04
Combined

Covariance =396.75/ 16 =24.8

R=24.8/(4.99 * 5.04)=0.986

r,=0.98578, p (2-tailed) = 0.

By normal standards, the association between the two variables would be considered statistically significant.

The results for the seventh-grade criterion-referenced Introduction to Living Things pretest
and posttest has been presented in Table 45. The data has been shown in both the actual raw score

as well as the percentage of the total number of points represented.
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Table 45

Seventh-grade Criterion-referenced Introduction to Living Things Test
Participant ~ Introduction  Introduction  Introduction  Introduction Introduction  Introduction

Code to Living to Living to Living to Living to Living to Living
Things- Things- Things- Things- Things- Things-
Pretest Pretest Split-  Pretest (%) Posttest Posttest Posttest %
half Split-half
Reliability Reliability
MA7F17 7 7 70 17 94
AGT7F18 4 40 17 17 94
JGTM19 5 5 50 6 33
CH7M20 7 70 18 18 100
DK7F21 6 6 60 17 94
IN7F22 2 20 12 12 66
IT7F23 2 2 20 6 33
KA7M24 8 80 18 18 100
SB7F25 7 7 70 18 100
BC7M26 8 80 18 18 100
VG7F27 8 8 80 16 89
AJ7F28 3 30 15 15 83
AM7M29 10 10 100 18 100
MN7F30 6 60 18 18 100
DS7F31 6 6 60 18 100
TS7TM32 6 60 16 16 89
RT7M33 5 5 50 15 83

The descriptive data analysis results for the seventh-grade criterion-referenced
Introduction to Living Things pretest has been presented in Table 46. According to the data
analysis, most of the non-normally distributed (Figure 50) sample (SD= 22.04607475) scores
fell to the right of the center (Mdn=60, skewness = -0.307566561) with a skinny-tailed

distribution (Kurtosis=-0.227306473).



Table 46

Seventh-grade Criterion-referenced Introduction to Living Things pretest

Introduction to Living Things Pretest (%)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

58.82352941
5.346958518
60

60
22.04607475
486.0294118
-0.227306473
-0.307566561
80

20

100

1000

17

100

20
11.3350457

0.02

0.015

0.01

Distribution

0.005

20

Introduction to Living Things Pretest (%)

40

60
Scores(%)

80

100

120

Figure 50. Seventh-grade Criterion-referenced Introduction to Living Things Pretest

The descriptive data analysis results for the seventh-grade criterion-referenced

Introduction to Living Things posttest has been presented in Table 47. According to the data

analysis, most of the non-normally distributed (Figure 51) sample (SD=21.81894) scores fell to



the right of the center (Mdn=94, skewness = -1.90689) with a skinny-tailed distribution

(Kurtosis= 2.754843).

Table 47

Seventh-grade Criterion-referenced Introduction to Living Things Posttest

Introduction to Living things Posttest (%)

Mean 85.76471
Standard Error 5.29187
Median 94
Mode 100
Standard Deviation 21.81894
Sample Variance 476.0662
Kurtosis 2.754843
Skewness -1.90689
Range 67
Minimum 33
Maximum 100
Sum 1458
Count 17
Largest (1) 100
Smallest (1) 33
Confidence Level (95.0%) 11.21826
Introduction to Living Things Posttest (%)
0.02
0.015
g
2 001
2
0.005
0
0 2 4 6 8 10 12 14 16 18
Scores (%)

Figure 51. Seventh-grade Criterion-referenced Introduction to Living Things Posttest
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A comparative analysis of the results of the Introduction to Living Things pretest and
posttest showed that 100 percent (17 out of 17) of the participants demonstrated measurable

gains, as shown in Figure 52 below.

Introduction to Living Things Criterion-referenced Test Scores (%)
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Figure 52. Introduction to Living Things Criterion-referenced Test Scores (%)

Wilcoxon Sign Rank test results for the seventh-grade criterion-referenced test
Introduction to Living Things pretest and posttests have been presented in Table 48. The small
sample size (N=16) required that the W-value be used to evaluate the hypothesis. The test results
for one subject with the same score in both pretest and posttest were discarded and caused a

reduction in sample size. The results of the Wilcoxon Signed-Rank test (Table 48) for



Introduction to Living Things pretest and posttest indicated that the results were significant at p

< 0.05.
Table 48

Seventh-grade Wilcoxon Signed-Rank Test for Introduction to Living Things Pretest and
Posttests
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W-value

Mean Difference
Sum of positive ranks

Sum of negative ranks
Mean (W)

Standard Deviation (W)
Sample Size (N)

27.44

136
68

19.34
16

The value of Wis 0. The critical value for Wat N=16 (p <.05) is 23.
The result is significant at p <.05.

A comparative analysis was conducted between the results of the seventh-grade

Introduction to Living Things pretest and posttests using the Spearman Rho non-parametric test

(Table 49) showed that the association between the two variables (r= 0.96034) was considered

statistically significant.
Table 49

Seventh-grade Spearman Rho Test for Introduction to Living Things Pretest and Posttests

X Ranks Mean

X Ranks Standard Deviation
Y Ranks Mean

Y Ranks Standard Deviation

4.99

4.85

Combined

Covariance =371.75/ 16 =23.23
R=23.23/(4.99 * 4.85)=0.96
r,=0.96034, p (2-tailed) = 0.

By normal standards, the association between the two variables would be considered statistically significant.

The results for the seventh-grade criterion-referenced test Introduction to cells pretest and

posttest has been presented in Table 50. The data has been presented in both the actual raw score

as well as the percentage of the total number of points represented.
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Table 50

Seventh-grade Criterion-referenced Introduction to Cells Pretest and Posttest
Participant  Introduction  Introduction  Introduction  Introducing  Introducing  Introducing

Code to cells- to cells- to cells- the Cell - the Cell - the Cell -
Pretest Pretest Split- Pretest (%) Post Test Post Test Post Test %
half- Split-half
Reliability Reliability
MAT7F17 7 70 8 8 80
AG7F18 6 6 60 8 80
JGTM19 5 50 3 3 30
CH7M20 10 10 100 6 60
DK7F21 6 60 8 8 80
IN7F22 4 4 40 5 50
IT7F23 5 50 5 5 50
KA7M24 8 8 80 10 100
SB7F25 7 70 9 9 90
BC7M26 7 7 70 7 70
VG7F27 7 70 5 5 50
AJTF28 7 7 70 8 80
AMTM29 7 70 10 10 100
MN7F30 6 6 60 8 80
DS7F31 5 50 7 7 70
TSTM32 4 4 40 6 60
RT7M33 5 50 5 5 50

The descriptive data analysis results for the seventh-grade criterion-referenced
Introduction to cells pretest have been presented in Table 51. According to the data analysis,
most of the non-normally distributed (Figure 53) sample (SD= 15.21899) scores fell to the left of

the center (Mdn=60, skewness = 0.63538) with a skinny-tailed distribution (Kurtosis= 0.9583).



Table 51

Seventh-grade Criterion-referenced Introduction to Cells Pretest
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Introduction to Cells Pretest (%)

Mean 62.35294
Standard Error 3.691147
Median 60
Mode 70
Standard Deviation 15.21899
Sample Variance 231.6176
Kurtosis 0.9583
Skewness 0.63538
Range 60
Minimum 40
Maximum 100
Sum 1060
Count 17
Largest (1) 100
Smallest (1) 40
Confidence Level (95.0%) 7.824882
Introduction to cells Pretest (%)

0.03

0.025

0.02

.§ 0.015

;’; 0.01

E 0.005

0

0 20 40 60 80 100 120
Scores(%)

Figure 53. Seventh-grade criterion-referenced Introduction to cells Pretest

The descriptive data analysis results for the seventh-grade criterion-referenced

Introduction to cells posttest has been presented in Table 52. According to the data analysis,

most of the non-normally distributed (Figure 54) sample (SD= 15.21899) scores fell to the right
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of the center (Mdn=70, skewness = -0.1928899) with a skinny-tailed distribution (Kurtosis= -

0.524749).

Table 52

Seventh-grade Criterion-referenced Introduction to cells Posttest

Introduction to Cells Posttest (%)

Mean 69.411765
Standard Error 4.7333756
Median 70
Mode 80
Standard Deviation 19.516207
Sample Variance 380.88235
Kurtosis -0.524749
Skewness -0.1928899
Range 70
Minimum 30
Maximum 100
Sum 1180
Count 17
Largest (1) 100
Smallest (1) 30
Confidence Level (95.0%) 10.034308
Introduction to Cells Posttest (%)
0.025
0.02
c
i)
5 0.015
2
2 0.01
2
0.005
0
0 20 40 60 80 100 120
Score(%)

Figure 54. Seventh-grade Criterion-referenced Introduction to Cells Posttest
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A comparative analysis of the results of Introduction to Cells criterion-referenced pretest
and posttest showed that sixty-five percent (11 out of 17) of the participants demonstrated
measurable gains, as shown in Figure 55 below. The results showed no change for twenty-nine
percent (five out of 17 ) of the participant. Participant MA7F17 demonstrated a loss of ten

percentage points.

Introduction to Cells Criterion-referenced Test Scores (%)
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Figure 55. Introduction to Cells Criterion-referenced Test Scores (%)

Wilcoxon Sign Rank test result for the seventh-grade criterion-referenced Introduction to
cells pretest and posttests were presented in Table 53. Because of the small sample size (N=12),
the W-value was used to evaluate the hypothesis. The test results for five subjects with the same
scores in both pretest and posttest were discarded as part of the data analysis. The discarding of

the data may have caused a further reduction in sample size. The results of the Wilcoxon Signed-
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Rank test (Table 53) for the Introduction to Cells test indicated that the test results were

statistically significant at p < 0.05.

Table 53

Seventh-grade Wilcoxon Signed-Rank Test for Introduction to Cells
W-value 5.5
Mean Difference 17.5
Sum of positive ranks 55
Sum of negative ranks 72.5
Mean (W) 39
Standard Deviation (/) 12.75
Sample Size (V) 12

The value of Wis 5.5. The critical value for Wat N=12 (p <.05) is 9.
The result is significant at p <.05.

Comparative data analysis conducted between the results of the seventh-grade
Introduction to Cells tests using the Spearman Rho non-parametric test (Table 54) showed that
the association between the two variables (1= 0.97165) was considered statistically significant.
Table 54

Seventh-grade Spearman Rho Test for Introduction to Cells
X Ranks Mean 9

X Ranks Standard Deviation 4.89
Y Ranks Mean 9

Y Ranks Standard Deviation 495

Combined

Covariance =376.25/ 16 =23.52

R=23.

52/(4.89 * 4.95)=10.972

r,=0.97165, p (2-tailed) = 0.

By normal standards, the association between the two variables would be considered statistically significant

The seventh-grade Wilcoxon Signed-Rank Test for the criterion-referenced tests showed
that the difference between the pretests and posttest was statistically significant at p <.05.

Furthermore, testing results using the Spearman Rho showed that by normal standards, the
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association between the implementation of PBL and test scores was considered statistically
significant.

The seventh-grade, “Is it really true?” Design and Build a Microscope, Cell Project,
Photosynthesis Virtual Lab, and Cell Cycle Organizer results have been shown in Table 55. An
example of one of the posters prepared by the students for the project presentation has been
shown in Figure 56. Students were required to examine a common belief and design an
experiment to test the truth behind the misconception. This group discussed whether eggs could

support the weight of a seventh-grade girl. The objective of this project was to help the students

to understand the Scientific Method better.

Figure 56. “Is It Really True?” Project Poster
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Figure 57 showed an example of one of the seventh-grade participants demonstrating the

student-created cell project that described the processes taking place within a cell

Figure 57. Cell Project Demonstration
Figure 58 showed an example of one of the students’ cell cycle organizers. The
organizers were developed by the students like a concept map (Appendix M) to show the

relationship between the processes of the cell cycle, mitosis, and meiosis.

Figure 58. Cell Cycle Organizer
The data has been presented in both the actual raw score as well as the percentage of the
total number of points represented. Participant CH7M20 and DK7F21 were unable to complete

and submit projects (NA= not able to present) due to illness.



Table 55

Seventh-grade PBL Project Scores

Participant ~ “Isitreally = Design and Cell Project  Photosynthesis- Cell Cycle
Code true?” build a (%) Virtual Lab (%) Organizer (%)
project? microscope
(%) project (%)
MA7F17 92 100 70 58 100
AGTF18 100 100 76 80 100
JGTM19 100 100 70 52 66
CH7M20 NA* 100 86 90 100
DK7F21 NA* 100 90 84 100
IN7F22 100 100 60 80 66
IT7F23 100 80 76 80 100
KA7M24 100 100 100 87 100
SB7F25 100 100 94 100 100
BC7M26 100 100 100 90 66
VGT7F27 100 100 100 87 100
AJTF28 100 100 80 90 50
AM7TM29 100 100 70 78 100
MN7F30 100 100 100 90 100
DS7F31 100 100 90 73 66
TS7TM32 100 100 100 85 66
RT7M33 100 100 60 76 66
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The descriptive data analysis results for the seventh-grade®Is it really true?” project has

been presented in Table 56. According to the data analysis, most of the non-normally distributed

(Figure 59) sample (SD=2.065591) scores fell to the right of the center (Mdn=100, skewness = -

3.87298) with a fat-tailed distribution (Kurtosis= 15).

0.25
0.2
0.15
0.1
0.05
0

Distribution

Figure 59. Seventh-grade, “Is it really true?”’Project
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Table 56

Seventh-grade “Is it really true?” Project

“Is it really true?” project? (%)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

99.46667
0.533333
100

100
2.065591
4.266667
15
-3.87298
8

92

100

1492

15

100

92
1.143886

The descriptive data analysis results for the seventh-grade Design and Build a
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Microscope project has been presented in Table 57. According to the data analysis, most of the

non-normally distributed (Figure 60) sample (SD=4.85071) scores fell to the right of the center

(Mdn=100, skewness = -4.1231) with a fat-tailed distribution (Kurtosis= 17).

Table 57

Seventh-grade Design and Build a Microscope Project

Design and build a microscope project (%)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

98.8235
1.17647
100

100
4.85071
23.5294
17
-4.1231
20

80

100
1680

17

100

80
2.49401
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Figure 60. Seventh-grade Design and Build a Microscope Project
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The descriptive data analysis results for the seventh-grade Cell project has been presented

in Table 58. According to the data analysis, most of the non-normally distributed (Figure 61)

sample (SD= 14.4436) scores fell to the right of the center (Mdn=86, skewness = -0.2706) with a

skinny-tailed distribution (Kurtosis= -1.3369).

Table 58

Seventh-grade Cell Project

Cell Project (%)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

83.6471
3.50309
86

100
14.4436
208.618
-1.3369
-0.2706
40

60

100
1422

17

100

60
7.42622
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Cell Project (%)
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Figure 61. Seventh-grade Cell Project

The detailed data analysis results for the seventh-grade Photosynthesis Virtual Lab has
been presented in Table 59. According to the data analysis, most of the non-normally distributed
(Figure 62) sample (SD= 11.8651) scores fell to the right of the center (Mdn=84, skewness =
-1.1924) with a skinny-tailed distribution (Kurtosis= 1.72313).
Table 59

Photosynthesis Virtual Lab

Photosynthesis-Virtual Lab (%)

Mean 81.1765
Standard Error 2.8777
Median 84
Mode 90
Standard Deviation 11.8651
Sample Variance 140.779
Kurtosis 1.72313
Skewness -1.1924
Range 48
Minimum 52
Maximum 100
Sum 1380
Count 17
Largest (1) 100
Smallest (1) 52

Confidence Level (95.0%) 6.10045




0.04
0.035
0.03
0.025
0.02
0.015
0.01
0.005

0on

Distribut

20

Photosynthesis Virtual Lab (%)

40 60
Score (%)

Figure 62. Photosynthesis Virtual Lab
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The descriptive data analysis results for the seventh-grade Cell Cycle Organizer Project

has been presented in Table 60. According to the data analysis, most of the non-normally

distributed (Figure 63) sample (SD= 18.7765) scores fell to the right of the center (Mdn=100,

skewness = -0.5486) with a skinny-tailed distribution (Kurtosis=-1.6051).

Table 60

Seventh-grade Cell Cycle Organizer Project

Cell Cycle Organizer (%)

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

85.0588
4.55398
100

100
18.7765
352.559
-1.6051
-0.5486
50

50

100
1446

17

100

50
9.65401
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Figure 63. Seventh-grade Cell Cycle Organizer Project
A comparative analysis of the seventh-grade project scores showed that the most frequent

score earned by students was 100 percent, as can be seen in Figure 64 below.
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Figure 64. Seventh-grade Projects Histogram
Eighth-grade. The results for the eight-grade diagnostic (pretest) and benchmark (posttest) tests
for chapters one through six have been presented in Table 61. The data has been presented in

both the actual raw score as well as the percentage of the total number of points represented.
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Table 61

Eight-grade Criterion-Referenced Diagnostic and Benchmark Tests (chapters one through six)

Participant Diagnostic Diagnostic Diagnostic Benchmark Benchmark Benchmark
Code Test Test Test Test Chapters  Test Chapters  Test Chapters
Chapters 1-6  Chapters 1-6  Chapters 1-6 1-6 1-6 Split-Half 1-6 (%)

Split-Half (%) Reliability

Reliability
JLB8M34 27 90 34 34 85
KD8M35 23 23 77 31.75 79
EF8F36 25 83 33 33 82
RG8M37 19 19 63 38 95
ZH8M38 22 73 26.25 26.25 65
RIEM39 14 14 46 22.5 56
ALSF40 20 67 31 31 77
HL8M41 19 19 63 22 55
LP8M42 22 73 33.25 33.25 83
PP8F43 28 28 93 34.75 86
LS8M44 17 57 22.25 22.25 55
ES8F45 17 17 57 25.5 63
SV8M46 23 77 35.75 35.75 89

The descriptive data analysis results for the eighth-grade criterion-referenced diagnostic
test for chapters one to six have been presented in Table 62. According to the data analysis, most
of the non-normally distributed (Figure 65) sample (SD= 13.62831) scores fell to the right of the

center (Mdn=73, skewness = -0.01791) with a skinny-tailed distribution (Kurtosis= -0.48186).
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Table 62

Eight-grade Criterion-referenced Diagnostic Test for Chapters One To Six
Eight-grade Diagnostic Test: Chapters One to Six (%)

Mean 70.69231
Standard Error 3.779812
Median 73
Mode 57
Standard Deviation 13.62831
Sample Variance 185.7308
Kurtosis -0.48186
Skewness -0.01791
Range 47
Minimum 46
Maximum 93
Sum 919
Count 13
Largest (1) 93
Smallest (1) 46
Confidence Level (95.0%) 8.2355039

Eight-grade Diagnostic Test Chapter One to Six (%)

Distribution
=
S
[\

0 10 20 30 40 50 60 70 80 90 100
Scores(%)

Figure 65. Eight-grade Criterion-referenced Diagnostic Test For Chapters One To Six

The descriptive data analysis results for the eight-grade criterion-referenced benchmark
test for chapters one to six have been presented in Table 63. According to the data analysis, most
of the non-normally distributed (Figure 66) sample (SD= 14.0032) scores fell to the right of the

center (Mdn=79, skewness =-0.3181) with a skinny-tailed distribution (Kurtosis= -1.4346).



Table 63

Eight-grade Criterion-referenced Benchmark Test For Chapters One To Six

Eight-grade Benchmark Test (%)

Mean 74.61538
Standard Error 3.88379
Median 79
Mode 55
Standard Deviation 14.0032
Sample Variance 196.0897
Kurtosis -1.4346
Skewness -0.3181
Range 40
Minimum 55
Maximum 95
Sum 970
Count 13
Largest (1) 95
Smallest (1) 55
Confidence Level (95.0%) 8.462052
Eight-grade Benchmark Test (%)
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Figure 66. Eight-grade Criterion-referenced Benchmark Test For Chapters One To Six
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A comparative analysis of the results of criterion-referenced diagnostic and benchmark

tests showed that 54 percent (seven out of 13) of the participants demonstrated measurable

gains, as shown in Figure 67 below. Further analysis showed that forty-six percent (six out of

13) of the participants demonstrated no change or negligible change in testing results, as can be

seen in Figure 67 below.
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Eight-grade Criterion-referenced Diagnostic vs. Benchmark Test Scores
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Figure 67. Eight-grade Criterion-referenced Diagnostic vs. Benchmark Test Scores (%)
Wilcoxon Sign Rank test results for the eight-grade criterion-referenced diagnostic
vs.benchmark tests have been shown in Table 64. The small sample size (N=12) meant that the
hypothesis had to evaluated using the W-value. The test results for one subject with the same
scores in both pretest and posttest were discarded and caused a reduction in sample size. The
results of the Wilcoxon Signed-Rank test (Table 64) for diagnostic vs. benchmark test indicated

that the test results were considered significant at p < 0.05
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Table 64

Eight-grade Wilcoxon Signed-Rank Test for Diagnostic vs. Benchmark Tests
W-value 7
Mean Difference 17
Sum of positive ranks 7
Sum of negative ranks 71
Mean (W) 39
Standard Deviation (/) 12.75
Sample Size (N) 12

The value of Wis 7. The critical value for Wat N=12 (p <.05) is 9.
The result is significant at p <.05.

A comparative analysis conducted between the results of the eight-grade Diagnostic and
Benchmark tests using the Spearman Rho non-parametric test (Table 65) showed that the

association between the two variables (r=0.99171) was considered statistically significant.

Table 65

Eight-grade Spearman Rho Test for Diagnostic vs. Benchmark Tests
X Ranks Mean 7
X Ranks Standard Deviation 3.87
Y Ranks Mean 7
Y Ranks Standard Deviation 3.89
Combined

Covariance = 179.25 /12 =14.94
R=14.94/(3.87 * 3.89) =0.992
r =0.99171, p (2-tailed) = 0.

By normal standards, the association between the two variables would be considered statistically significant.

The eighth-grade criterion-referenced Introduction to Matter pretest and posttest results
have been presented in Table 66. The data has been presented in both the actual raw score as well

as the percentage of the total number of points represented.
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Table 66

Eight-grade Criterion-referenced Introduction to Matter Pretest and Posttest

Participant Introduction  Introduction  Introduction Introduction Introduction Introduction
Code to Matter to Matter to Matter to Matter to Matter to Matter
pretest pretest Split-  pretest (%) posttest posttest posttest (%)
half Split-half
Reliability Reliability
JLB8M34 11 100 8 80
KD8M35 9 9 82 4 4 40
EF8F36 10 91 6 6 60
RG8M37 10 10 91 10 100
ZH8M38 8 73 6 60
RI8M39 9 9 82 4 4 40
ALSF40 8 73 7 7 70
HL8M41 6 6 55 5 50
LP8M42 9 82 9 90
PP8F43 11 11 100 10 10 100
LS8M44 7 64 5 5 50
ES8F45 10 10 91 7 70
SV8M46 9 82 6 60

The descriptive data analysis results for the eight-grade criterion-referenced Introduction
to Matter pretest has been presented in Table 67. According to the data analysis, most of the non-
normally distributed (Figure 68) sample (SD= 13.24764) scores fell to the right of the center

(Mdn=82, skewness = -0.55585) with a skinny-tailed distribution (Kurtosis= 0.008392).



Table 67

Eight-grade Criterion-referenced Introduction to Matter Pretest

Introduction to Matter Pretest %

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

82
3.674235
82

82
13.24764
175.5
0.008392
-0.55585
45

55

100

1066

13

100

55
8.00547

Introduction to Matter Pretest (%)
0.035
0.03
0.025
0.02
0.015

Distribution

0.01
0.005
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Scores (%)

Figure 68. Eight-grade Criterion-referenced Introduction to Matter Pretest
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The descriptive data analysis results for the eight-grade criterion-referenced Introduction

to Matter posttest has been presented in Table 68. According to the data analysis, most of the

non-normally distributed (Figure 69) sample (SD= 20.56883378) scores fell to the left of the
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center (Mdn=60, skewness = 0.421483375) with a skinny-tailed distribution (Kurtosis= -
0.900916604).
Table 68

Eight-grade Criterion-referenced Introduction to Matter Posttest
Introduction to Matter posttest %

Mean 66.92307692
Standard Error 5.704768067
Median 60
Mode 60
Standard Deviation 20.56883378
Sample Variance 423.0769231
Kurtosis -0.900916604
Skewness 0.421483375
Range 60
Minimum 40
Maximum 100
Sum 870
Count 13
Largest (1) 100
Smallest (1) 40
Confidence Level (95.0%) 12.42962185

Introduction to Matter Posttest (%)
0.025
0.02
0.015
0.01
0.005

Distribution
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Figure 69. Eight-grade Criterion-referenced Introduction to Matter Posttest
As shown in Figure 70 below, a comparative analysis of the results of criterion-
referenced Introduction to Matter, pretest, and posttest showed that 69 percent (nine out of 13) of

the participants demonstrated measurable loss in points. Further analysis showed that 23 percent
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(three out of 13) of the participants demonstrated no change or negligible change in testing
results, as can be seen in Figure 70. Participant JLB8EM34 showed an increase of 25 percentage

points, as can be seen in Figure 70.
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Figure 70. Eight-grade Introduction to Matter Criterion-referenced Test Scores(%)

Wilcoxon Sign Rank test results for the eight-grade criterion-referenced Introduction to
Matter pretest and posttests have been presented in Table 69. The small sample size (N=11),
meant that the W-value needed to be used for the evaluation of the hypothesis. The test results
for two subjects with the same scores in both pretest and posttest were discarded and caused a
reduction in sample size. The results of the Wilcoxon Signed-Rank test (Table 69) for
Introduction to Matter pretest and posttest indicated that the results were not considered

significant at p < 0.05.
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Table 69

Wilcoxon Signed-Rank Test for Introduction to Matter Pretest and Posttest
W-value 9
Mean Difference 49.64
Sum of positive ranks 57
Sum of negative ranks 9
Mean (W) 33
Standard Deviation (W) 11.25
Sample Size (V) 11

The value of Wis 9. The critical value for Wat N=11 (p <.05) is 7.
The result is not significant at p < .05.

A comparative analysis was conducted between the results of the eight-grade
Introduction to Matter pretest and posttests using the Spearman Rho non-parametric test (Table
70) showed that the association between the two variables (r= 0.71454) was considered
statistically significant.

Table 70

Eight-grade Spearman Rho Test for Introduction to Matter Pretest and Posttest

X Ranks Mean 7
X Ranks Standard Deviation 3.81
Y Ranks Mean 7
Y Ranks Standard Deviation 3.85
Combined

Covariance = 125.75/12=10.48
R=1048/(3.81 *3.85)=0.715
r.=0.71454,p (2-tailed) = 0.00606.

By normal standards, the association between the two variables would be considered statistically significant.

The eighth-grade criterion-referenced Phases of Matter pretest and posttest results have
been presented in Table 71. The data has been presented in both the actual raw score as well as

the percentage of the total number of points represented.



Table 71

Eight-grade Criterion-referenced Phases of Matter Pretest and Posttest

Participant Phases of  Phases of  Phases of  Phases of Phases of Phases of
Code Matter Matter Matter Matter Matter Matter
pretest pretest pretest posttest posttest posttest
split-half  Split-half split-half Split-half
reliability  reliability reliability reliability
(%) (%)
JLB8M34 9 90 10 10 100
KD8M35 9 9 90 7 70
EF8F36 9 90 10 10 100
RG8M37 8 8 80 10 100
ZH8M38 8 80 9 90 90
RJ&M39 8 80 10 100
AL8F40 8 8 80 10 10 100
HL8M41 9 9 90 7 70
LP8M42 8 8 80 10 10 100
PP8F43 8 80 10 100
LS8M44 8 8 80 8 8 80
ES8F45 10 100 8 80
SV8M46 7 7 70 10 10 100

The descriptive data analysis results for the eight-grade criterion-referenced Phases of
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Matter pretest has been presented in Table 72. According to the data analysis, most of the non-

normally distributed (Figure 71) sample (SD= 7.67948) scores fell to the left of the center

(Mdn=80, skewness = 0.4555) with a skinny-tailed distribution (Kurtosis= 0.51741).
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Table 72

Eight-grade Criterion-referenced Phases Of Matter Pretest
Eight-grade Phases of Matter Pretest (%)

Mean 83.8462
Standard Error 2.1299
Median 80
Mode 80
Standard Deviation 7.67948
Sample Variance 58.9744
Kurtosis 0.51741
Skewness 0.4555
Range 30
Minimum 70
Maximum 100
Sum 1090
Count 13
Largest (1) 100
Smallest (1) 70
Confidence Level (95.0%) 4.64066

Phases of Matter Pretest
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Figure 71. Eight-grade Criterion-referenced Phases Of Matter Pretest
The descriptive data analysis results for the eight-grade criterion-referenced Phases of

Matter pretest has been presented in Table 73. According to the data analysis, most of the non-
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normally distributed (Figure 72) sample (SD= 12.1423) scores fell to the right of the center
(Mdn=100, skewness = -1.002) with a skinny-tailed distribution (Kurtosis=-0.7121).
Table 73

Eight-grade Criterion-referenced Phases Of Matter Posttest
Eight-grade Phases of Matter Posttest (%)

Mean 91.5385
Standard Error 3.36767
Median 100
Mode 100
Standard Deviation 12.1423
Sample Variance 147.436
Kurtosis -0.7121
Skewness -1.002
Range 30
Minimum 70
Maximum 100
Sum 1190
Count 13
Largest (1) 100
Smallest (1) 70
Confidence Level (95.0%) 7.33753

Phases of Matter Posttest (%)
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Figure 72. Eight-grade Criterion-referenced Phases Of Matter Posttest
A comparative analysis of the results of criterion-referenced Phases of Matter pretest and

posttest showed that sixty-two percent (eight out of 13) of the participants demonstrated the
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measurable gain in points, as shown in Figure 73 below. Further analysis showed that thirty-one
percent (four out of 13) of the participants demonstrated no change in testing results, as can be
seen in Figure 73 below. Participant KD8M35 showed a decrease of ten percentage points, as

can be seen in Figure 73.
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Figure 73. Eight-grade Phases of Matter Criterion-referenced Test Scores (%)

Wilcoxon Sign Rank test results for the eight-grade criterion-referenced Phases of Matter
pretest and posttests have been presented in Table 74. The small sample size (N=9), meant that
the W-value needed to be used to evaluate the hypothesis. The test results for four subjects with
the same scores in both pretest and posttest were discarded and caused a reduction in sample
size. Because the sample size (N=9) is not large enough for the normal distribution of the
Wilcoxonon W statistic, it is not possible to calculate an exact p-value. The results of the
Wilcoxon Signed-Rank test (Table 74) for Introduction to Phases of Matter pretest and posttest

indicated that the results were not considered significant at p < 0.05.
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Table 74

Eight-grade Wilcoxon Signed-Rank Test for Introduction to Phases of Matter Pretest and
Posttest

W-value 3.5
Mean Difference 20
Sum of positive ranks 35
Sum of negative ranks 41.5
Sample Size (V) 9

Note: N (9) is not large enough for the distribution of the Wilcoxon W statistic to form a normal distribution.
Therefore, it is not possible to calculate accurate p-value.
The value of Wis 3.5. The critical value for Wat N=9 (p <.05) is 3. The result is not significant at p < .05

A comparative analysis between the results of the eight-grade Introduction to Phases of
Matter pretest and posttests using the Spearman Rho non-parametric test (Table 75) showed that
the association between the two variables (r= 0.67402) was considered statistically significant.
Table 75

Eight-grade Spearman Rho Test for Introduction to Phases of Matter Pretest and Posttest

X Ranks Mean 7
X Ranks Standard Deviation 3.52
Y Ranks Mean 7
Y Ranks Standard Deviation 3.40
Combined

Covariance =97 /12 =8.08
R=28.08/(3.52*3.4)=0.674
r,=0.67402, p (2-tailed) = 0.01153.

By normal standards, the association between the two variables would be considered statistically significant.

The eight-grade Wilcoxon Signed-Rank Test for the criterion-referenced tests showed
that the difference between the diagnostic pretests and benchmark posttest was statistically
significant at p < .05. Furthermore, testing results using the Spearman Rho showed that by
normal standards, the association between the implementation of PBL and test scores was
considered statistically significant. The Wilcoxon Signed-Rank Test for the Introduction to
Matter pretest and posttest showed that the results were not statistically significant at p <.05.

However, testing results using the Spearman Rho showed that by normal standards, the
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association between the implementation of PBL and test scores was considered statistically
significant. The Wilcoxon Signed-Rank Test for the Phases of Matter pretest and posttest
showed that the results were not statistically significant at p <.05. Due to the small sample size,
it was not possible to accurately calculate the p-value that may have impacted the results.
However, testing results using the Spearman Rho showed that by normal standards, the
association between the implementation of PBL and test scores was considered statistically
significant.

The eighth-grade Design and Build a chair, Design and Build a Density Calculating
Model, Changes in Matter, and the Periodic Table of Elements project results have been
presented in Table 76. The data was presented as the actual raw score as well as the percentage
of the total number of points represented. Figure 74 below showed parts of student’s
investigation into the Law of Conservation of Mass as part of the Changes in Matter project.
Students designed their experiments (projects) based on the concept that matter could change

state as related to the Law of Conservation of Mass.

o

Figure 74. Investigating Law of Conservation of Mass in an Open System
Figure 75 below shows a team of students who completed a chair that was able to hold

240 pounds of weight. The students were expected to create an armchair out of cardboard that



204

could hold the weight of a campus Assistant Director (240 pounds). They were not allowed to

use staples, glue, or tape.

Figure 75. Chair Project
Figure 76 below showed an example of one of the devices built by students to calculate
density according to the Archimedes Principle. Students were expected to design a device

capable of measuring mass and volume to calculate density without the use of modern laboratory

equipment.
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Figure 76. Destiny Calculating Device

Figure 77 shows an example of the periodic table project. Students were required to
create a periodic table with a minimum of 40 elements according to the rules of the modern
Periodic Table of Elements. Students could choose a create their table based on any topic.

Students also completed this project at the control site. Figure 78 showed an example of the

project completed at the control site.

I—
ODIC TABLE OF THE NFL SUPERBOWL

Figure 77. Student-Created Periodic Table of Elements
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Figure 78. Student-Created Periodic Tabel of Elements (Control Site)
Participant ES8F45 was unable to complete and present the design and build a chair and

design and build a density calculating the model.
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Table 76
Eight-grade PBL Project Scores
Participant Code Design and Build Design and Build Changes in Periodic Table of
a Chair (%) a Density Matter (%) Elements (%)
Calculating
Model (%)
JLB8M34 100 92 70 100
KD8M35 100 83 80 80
EF8F36 100 0 86 0
RG8M37 100 100 50 100
ZH8M38 100 67 60 55
RJI&M39 100 100 86 100
ALSF40 85 83 86 75
HL8M41 100 33 40 88
LP8M42 85 0 60 69
PP8F43 100 24 86 93
LS8M44 100 50 0 99
ES8F45 NA NA 86 72
SV8M46 100 67 54 100

The descriptive data analysis results for the eight grade Changes in Matter project has
been presented in Table 77. According to the data analysis, most of the non-normally distributed
(Figure 79) sample (SD= 25.3327) scores fell to the right of the center (Mdn=70, skewness = -

1.4759) with a skinny-tailed distribution (Kurtosis= 2.51953).



Table 77

Eight-grade Changes In Matter Project

Changes in Matter Project (%)

Mean 64.9231
Standard Error 7.02602
Median 70
Mode 86
Standard Deviation 25.3327
Sample Variance 641.744
Kurtosis 2.51953
Skewness -1.4759
Range 86
Minimum 0
Maximum 86
Sum 844
Count 13
Largest (1) 86
Smallest (1) 0
Confidence Level (95.0%) 15.3084
Changes in Matter Project (%)

0.018

0.016

0.014

.5 0.012

E 0.01

£ 0.008

A2 0.006

0.004

0.002

0

0 10 20 30 40 50 60 70 80 90 100
Scores (%)

Figure 79. Eight-grade Changes in Matter Project
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The descriptive data analysis results for the eight-grade Design and Build a Chair project

has been presented in Table 78. According to the data analysis, most of the non-normally
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distributed (Figure 80) sample (SD= 5.8387421) scores fell to the right of the center (Mdn=100,

skewness = -2.055237) with a skinny-tailed distribution (Kurtosis= 2.64).

Table 78

Eight-grade Desing and Build a Chair

Design and Build a Chair (%)

Mean 97.5
Standard Error 1.6854997
Median 100
Mode 100
Standard Deviation 5.8387421
Sample Variance 34.090909
Kurtosis 2.64
Skewness -2.055237
Range 15
Minimum 85
Maximum 100
Sum 1170
Count 12
Largest (1) 100
Smallest (1) 85
Confidence Level (95.0%) 3.7097597
Design and Build a Chair (%)

0.07

0.06

0.05

g
E 0.04
Z 0.03
A

0.02

0.01

0

0 20 40 60 80 100 120

Score (%)

Figure 80. Eight-grade Design and Build a chair project



The descriptive data analysis results for the eight-grade Design and Build a Density
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Calculating Model project has been presented in Table 79. According to the data analysis, most

of the non-normally distributed (Figure 81) sample (SD= 38.76325249) scores fell to the right of

the center (Mdn=67, skewness -0.62313964) with a skinny-tailed distribution (Kurtosis= -

1.27374851).

Table 79

Eight-grade Desing and Build a Density Calculating Model Project

Design and Build a Density Calculating Model (%)

Mean 57.61538462
Standard Error 10.75099188
Median 67
Mode 0
Standard Deviation 38.76325249
Sample Variance 1502.589744
Kurtosis -1.27374851
Skewness -0.62313964
Range 100
Minimum 0
Maximum 100
Sum 749
Count 13
Largest (1) 100
Smallest (1) 0
Confidence Level (95.0%) 23.42439904
Design and Build a Density Calculating Model (%)
0.012
0.01
=
g 0.008
j=)

2 0.006

A 0.004

0.002

0
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Figure 81. Eight-grade Desing and Build a Density Calculating Model Project



The descriptive data analysis results for the eight grade Periodic Table of Elements
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project has been presented in Table 80. According to the data analysis, most of the non-normally

distributed (Figure 82) sample (SD= 28.022) scores fell to the right of the center (Mdn=88,

skewness = -2.0967) with a fat-tailed distribution (Kurtosis= 5.20713).

Table 80

Eight-grade Periodic Table of Elements Project

Periodic Table of Elements (%)

Mean 79.3077
Standard Error 7.7719
Median 88
Mode 100
Standard Deviation 28.022
Sample Variance 785.231
Kurtosis 5.20713
Skewness -2.0967
Range 100
Minimum 0
Maximum 100
Sum 1031
Count 13
Largest (1) 100
Smallest (1) 0
Confidence Level (95.0%) 16.9335
Periodic Table of Elements Project (%)
0.015
£ 001
é
= 0.005
0
0 20 40 60 80 100 120
Score(%)

Figure 82. Eight-grade Periodic Table of Elements Project
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A comparative analysis of the seventh-grade project scores showed that the most frequent

score earned by students was 100 percent, as can be seen in Figure 83 below.

Eight-grade Projects

19
11
| H Frequency
E 5
4 4 4 4
0 50 60 70 80 90 100

More

— it — it [\)
N A N 0 O
1 1 1 1 J

Frequency
S

S N B~ N
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Figure 83. Eight-grade Projects Histogram
Standardized Science CTP4 Testing

The CTP4 Standardized Science Test scores for participants in grades six, seventh, and
eight have been presented in Table 81. Students participate in the CTP4 Standardized Science
for the first time as sixth-graders. Therefore, only one year of CTP4 Standardized Science Test
scores were available for the sixth-grade student participants. In the same token, only two years
of CTP4 Standardized Science Test scores were available for the seventh-grade students. Table
81 presents three years of data for eighth-grade students. Participants MA7F17, ZH8M38,
HL8M41, PP8F43 were not students at the experimental school site during the academic year

2016-2017. Therefore, the only scores available are from the academic year 2018-2019.
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Participant EF8F36 did not participate in the CTP4 Standardized Science Test in the academic

year 2017-2018.

Table 81
CTP4 Scores
Participant CTP4 Participant CTP4 CTP4 Participant CTP4 CTP4 CTP4 CTP4
Code 2018- Code 2017- 2018- Code 2016- 2017- 2018- Control
Sixth 2019 Seventh 2018 2019 Eight 2017 2018 2019 Site

Grade Grade Grade 2018-2019
NAG6F1 682 MAT7F17 NA 720 JLB8M34 858 882 900 687 764
NA6M2 611 AGTF18 559 567 KD8M35 641 639 718 855 820
KC6M3 710 JGTM19 633 595 EF8F36 733 NA 804 790 718
RD6M4 742 CH7M20 589 768 RG8M37 704 720 804 611 820
SK6MS5 669 DK7F21 522 576 ZH8M38 NA 679 718 837 601
HP6M6 760 IN7F22 463 557 RJI&M39 679 639 611 740 629

NP6M7 644 IT7F23 473 731 ALB8F40 539 669 718 855

MRO6MS 695 KA7M24 780 743 HL8M41 NA 547 601 876

AS6F9 695 SB7F25 644 720 LP8M42 704 709 804 629

IS6F10 682 BC7M26 671 689 PP8F43 NA 797 990 620

AT6F11 682 VGTF27 633 679 LS8M44 663 689 648 764

SV6F12 599 AJTF28 531 634 ES8F45 581 689 740 820

SA6F13 549 AMTM29 828 743 SV8M46 733 567 707 990

AH6M14 725 MN7F30 599 731 764

ANGO6F15 DS7F31 656 990

ST6F16 TS7TM32 669 764

RT7M33 599 601

837

837

790

804

764

790

752

677

667

620

709

687

696

752

648

740

876

The descriptive data analysis results for the sixth-grade CTP standardized testing scores

for 2018-2019 has been presented in Table 82. According to the data analysis, most of the non-
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normally distributed (Figure 8§4) sample (SD=70.02448976) scores fell to the right of the center
(Mdn=682, skewness -0.946342804) with a skinny-tailed distribution (Kurtosis= 0.370054442).
Table 82

Sixth-grade CTP Scores 2018-2019
Sixth Grade CTP Scores 2018-2019

Mean 668.6875
Standard Error 17.50612244
Median 682
Mode 682
Standard Deviation 70.02448976
Sample Variance 4903.429167
Kurtosis 0.370054442
Skewness -0.946342804
Range 248
Minimum 512
Maximum 760
Sum 10699
Count 16
Largest (1) 760
Smallest (1) 512
Confidence Level (95.0%) 37.31341672

Sixth-grade CTP 2018-2019
0.006
0.005
0.004
0.003
0.002
0.001
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Figure 84. Sixth-grade CTP Scores 2018-2019
The descriptive data analysis results for the seventh-grade CTP4 standardized testing

(2017-2018) have been presented in Table 83. According to the data analysis, most of the non-
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normally distributed (Figure 85) sample (SD= 98.35579546) scores fell to the left of the center

(Mdn=616, skewness = 0.510511708) with a skinny-tailed distribution (Kurtosis= 0.424606066).

Table 83

Seventh-grade CTP4 2017-2018

Seventh-grade CTP4 2017-2018

Mean 615.5625
Standard Error 24.58894886
Median 616
Mode 599
Standard Deviation 98.35579546
Sample Variance 9673.8625
Kurtosis 0.424606066
Skewness 0.510511708
Range 365
Minimum 463
Maximum 828
Sum 9849
Count 16
Largest (1) 828
Smallest (1) 463
Confidence Level (95.0%) 52.41010388
Seventh-grade CTP4 2017-2018

0.0045

0.004

0.0035

§ 0.003

E 0.0025

£ 0.002

a 0.0015
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Figure 85. Seventh-grade CTP4 2017-2018



The descriptive data analysis results for the seventh-grade CTP4 standardized testing
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(2018-2019) have been presented in Table 84. According to the data analysis, most of the non-

normally distributed (Figure 8§6) sample (SD=70.41656515) scores fell to the right of the center

(Mdn=720, skewness = -0.786428365) with a skinny-tailed distribution (Kurtosis= -

0.854711346).

Table 84

Seventh-grade CTP 2018-2019

Seventh-grade CTP Scores 2018-2019

Mean 683.3529412
Standard Error 17.07852564
Median 720
Mode 720
Standard Deviation 70.41656515
Sample Variance 4958.492647
Kurtosis -0.854711346
Skewness -0.786428365
Range 211
Minimum 557
Maximum 768
Sum 11617
Count 17
Largest (1) 768
Smallest (1) 557
Confidence Level (95.0%) 36.20485701
Seventh-grade CTP 2018-2019

0.008

£ 0.006

£ 0.004

Z 0.002

0

0 100 200 300 400 500 600 700 800 900
Scores

Figure 86. Seventh-grade CTP 2018-2019
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The descriptive data analysis results for the eight grade CTP4 standardized testing (2016-

2017) scaled scores have been presented in Table 85. According to the data analysis, most of the

non-normally distributed (Figure 87) sample (SD= 88.08108638) scores fell to the left of the

center (Mdn= 691.5, skewness = 0.283285699) with a skinny-tailed distribution (Kurtosis=

1.061266969).

Table 85

Eight-grade Grade CTP4 2016-2017

Eight-grade 2016-2017

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Largest (1)
Smallest (1)
Confidence Level (95.0%)

683.5
27.85368517
691.5

704
88.08108638
7758277778
1.061266969
0.283285699
319

539

858

6835

10

858

539
63.00941343

0.005
0.004
0.003

0.002

Distribution

0.001
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200

Eight-grade CTP4 Score 2016-2017

300

400

Figure 87. Eight-grade CTP4 2016-2017
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The descriptive data analysis results for the eight grade CTP4 standardized testing (2017-
2018) have been presented in Table 86. According to the data analysis, most of the non-normally
distributed (Figure 88) sample (SD=90.79197001) scores fell to the left of the center (Mdn=684,
skewness = 0.656081458) with a skinny-tailed distribution (Kurtosis= 1.118912054).
Table 86

Eight-grade CTP4 Standardized Testing (2017-2018)
Eight-grade CTP4 2017-2018

Mean 685.5
Standard Error 26.20938416
Median 684
Mode 639
Standard Deviation 90.79197001
Sample Variance 8243.181818
Kurtosis 1.118912054
Skewness 0.656081458
Range 335
Minimum 547
Maximum 882
Sum 8226
Count 12
Largest (1) 882
Smallest (1) 547
Confidence Level (95.0%) 57.6864656

Eight-grade CTP4 2017-2018
0.005

0.004
0.003

0.002

Distribution

0.001

0 100 200 300 400 500 600 700 800 900 1000
Scores

Figure 88. Eight-grade CTP4 standardized testing (2017-2018)
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The descriptive data analysis results for the eight grade CTP4 standardized testing (2018-

2019) have been presented in Table 87. According to the data analysis, most of the non-normally

distributed (Figure 89) sample (SD=110.2202341) scores fell to the left of the center (Mdn=718,

skewness = 0.735537473) with a skinny-tailed distribution (Kurtosis= 0.547340939).

Table 87

Eight-grade CTP 2018-2019

Eight-grade CTP Scores 2018-2019

Mean 751
Standard Error 30.56959274
Median 718
Mode 718
Standard Deviation 110.2202341
Sample Variance 12148.5
Kurtosis 0.547340939
Skewness 0.735537473
Range 389
Minimum 601
Maximum 990
Sum 9763
Count 13
Largest (1) 990
Smallest (1) 601
Confidence Level (95.0%) 66.60542085
Eight-grade CTP Scores 2018-2019

0.004

0.0035

0.003
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Figure 89. Eight-grade CTP 2018-2019
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The descriptive data analysis results for the control site eight grade CTP4 standardized

testing (2018-2019) have been presented in Table 88. According to the data analysis, most of the

non-normally distributed (Figure 90) sample (SD= 98.3696554) scores fell to the left of the

center (Mdn=764, skewness = 0.337406173) with a skinny-tailed distribution (Kurtosis= -

0.06689845).
Table 88

Control Site Eight -grade CTP 2018--2019

Control Site Eight-grade 2018- 2019

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Confidence Level (95.0%)

754.775
15.55360818
764

764
98.3696554
9676.589103
-0.06689845
0.337406173
389

601

990

30191

40
31.46014205

Control Site Eight-grade 2018-2019
0.0045
0.004
0.0035
0.003
0.0025
0.002
0.0015
0.001
0.0005

Figure 90. Control Site Eight-grade CTP 2018-2019
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Findings of Qualitative Research

The qualitative portion of this study was conducted using an ethnographic methodology
to explore how the implementation of technology-integrated project-based learning could impact
a middle school science classroom culture. This study was approached with the assumption that
multiple educational theories such as constructivism, situated learning, the theory of change, and
the theory of learning and awareness impact of the implementation of technology-integrated
project-based learning (PBL) in a middle school science classroom.

This study allowed the researcher to collect information from a culture-sharing group
using ethnographic methods and showed how the study findings tie back to the study questions.
The researcher analyzed and triangulated the data collected from formal and informal classroom
observations, structured student and staff surveys, teacher interview, lesson plans and rubrics,
classroom artifacts, project presentations, the researcher field journal, interactive student science
journals, photographs, and videos taken during the study to uncover codes and themes described
in this section. The data collected based on the participants' actions and words provided valuable
insight into interactions within the science classroom culture, as well as a unique opportunity for
implementation of science lessons and assessments within the project-based learning
instructional design framework. The member check gave the researcher a unique opportunity to
confirm and discuss the results of the study with the participants.

Fieldwork collection Process

The researcher collected extensive data through observations of the participants' actions
and words, the use of field notes, photographs and videos, lesson plans and rubrics, projects,
interactive science journals, student artifacts, student surveys, staff surveys, and participant

teacher interviews.
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Observations of the science classroom. A total of 14 daily and weekly formal
observations of the sixth through eighth-grade science classrooms were conducted to collect
descriptive data on participant behavior and attitudes using the classroom observations protocol
(Appendix R). Additional informal daily as well as weekly field notes and observations about
students’ progress, problems, explanatory, and reflective notes on the physical setting of the
classroom, the participants, activities and interactions, conversations, student attitude and
demeanor, and even the researcher’s behavior were documented in the researcher’s diary as soon
as possible following the classroom observation. The confidentiality of the participants was
ensured by using pseudonyms, group data reporting, and the use of coded information to be sure
that the data collected could not be linked to individual participants.

Formal administrative observation and evaluations. During the study, the school site
administrators conducted three formal observations of the researcher’s classroom to ensure
compliance with the PBL lesson plans with state and school site teaching standards. Classroom
formal observations were scheduled using the organization’s commonly accessible Google
Calendar. Before each observation, the researcher sent an invitation to the administrators via the
Google Calendar. Before each observation, the administrators were provided with copies of the
formal lesson plan, the Classroom Formal Observation Rubric (Appendix L), and the Lesson
Plan Evaluation Rubric (Appendix K) to assist the school site administrators with the evaluation
process. The observations were scheduled to allow the administrators to observe all the different
aspects of project-based learning from the introduction of the topic to the presentation of the
project. Following the formal observation, a formal meeting was scheduled via Google Calendar

to discuss the formal observation with the administrator.
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Photographs of classroom activities were collected as part of classroom observations to
document activities relevant to project-based learning, collaboration, scientific content
understudy, and project presentations. Because all students received regular science instruction
using PBL, the researcher attempted to collect and used detailed data only from students who
voluntarily consented to be participants in the study (Maxwell, 2013). Photographs of the
control classroom were taken to show only student artifacts and classroom settings.

Control Classroom Observation. The researcher conducted three formal observations
in the eighth-grade control classroom using the Classroom Observation Protocol (Appendix R) to
collect data. The data collected included information about the lesson and activity being
observed, the classroom's physical setting, students’ attitudes and demeanors, student
conversations, and classroom activities and interactions. During each visit, the researcher was
strictly an observer and did not participate in the classroom activities.

Control the classroom’s physical setting. The control classroom setting was very
different from the experimental classroom. The control classroom was on a campus with access
to more substantial space. Therefore, the control classroom (Figure 91) was more extensive and

had a separate dedicated laboratory.

Figure 91. Control Classroom
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Lessons and activities. The experimental group and the control group studied the same
materials through the course of this study. Both groups used the same curriculum (Thornton et
al., 2013) and had similar access to technology, along with administrative support. However,
due to restrictions of time and distance, the two groups were only able to participate in the
Periodic Table of Elements unit simultaneously. Students received similar instructions about the
Periodic Table of elements. Both groups received basic instruction about the structure and
historical significance of the Periodic Table of Elements. The project documentation used in the
control classroom was different from the documentation received by the experimental group.
The experimental group also received different instructions and expectations for the presentation
of the final project than the control group (Appendices V and V1). The experimental group
received a benchmark lesson to provide context and background for the history and basic
structure of the Periodic table. However, the experimental group was expected to gather
additional information through extensive research. As can be seen in Figure 92, the
experimental group was not provided with any other documentation or handouts other than what
was available in the student textbook.

The control teacher selected and provided the researcher with anonymous student
artifacts collected in the control classroom. When collecting field notes in the control classroom,
all notes and observations were recorded using pseudonyms, group data reporting, and use of
coded information to be sure that the data collected could not be linked to individual participants.
The control classroom teacher removed all student identification information from work

submitted to the researcher.
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Figure 92. Experimental vs. Control Group (Periodic Table of Elements Project)
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Participating in a teacher interview. A single follow-up face-to-face semi-structured
interview (Appendix W) was conducted with the control classroom teacher at the end of the
study to gain insight into similarities and differences between how PBL could be used to enhance
learning in relationship to other research-based instructional strategies. A written copy of the
interview questions was provided to the participating teacher during the interview. The
researcher kept a written record of the participating teacher’s responses to each question
throughout the interview process. Additional conversations emerged during the interview
because of the professional relationship between the researcher and the participating teacher.
Therefore, the participating teacher’s written responses to the interview questions reflected the
original questions as well as subsequent conversations that helped to inform the purpose of the

study.

Lesson plans and assessment. To ensure that the grade-level science standards, as well
as school site curriculum goals, were met the researcher selected the topic of the study based on
California middle school science standards (California Department of Education, 1998), New
Generation of Science Standards (2013) and lesson pacing guidelines provided by the currently
used science curriculum (Thornton, Buckley, Miller, Padilla, & Wysession, 2013). The sixth-
grade curriculum consisted of an introduction to Earth Science. The topics covered in the sixth-
grade curriculum included the basic structure of the earth, plate tectonics, earthquakes,

volcanoes, weathering, and erosion as well as the earth’s resources.

The seventh-grade curriculum consisted of an introduction to life Science. The topics
covered in the seventh-grade curriculum included the essential characteristics of living things,
the cell and its structures, genetics, and the science of heredity, DNA, microbial life, plants,

animals, and an introduction to the human body.
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The eighth-grade curriculum consisted of an introduction to Physical Science. The topics
covered in the eighth-grade curriculum included the basic structure of different Phases of Matter,
atoms, molecules, and the Periodic Table of Elements, bonding and chemical reactions, acids and

bases, forces, and motion (Thornton et al., 2013).

The researcher planned and developed lesson plans that contained literature-based
criteria for PBL based on the principals of PBL. Before the introduction of a new topic of study,
the researcher assessed students’ prior knowledge by using criterion-referenced diagnostic
pretests and chapter tests ( Version B) provided by the currently used science curriculum. The
topics for each grade level were introduced using a concept map (Appendix M). The concept
maps created at the beginning of each unit were displayed through the end of the unit or the
completion of a chapter as the means of documenting whole class progress (Ozdemir, 2006; Rye
et al., 2013). The concept maps were used for formative assessment of students’ progress

throughout the life of the unit or a chapter.

As part of the whole class instruction, the teacher provided additional information
through a benchmark lesson. After the benchmark lesson, students were presented with the
needed documentation and instructions to begin working on their projects. As part of regular
classroom practices, students were placed in small groups who worked together towards finding
the answer for a common driving question in a project using the principles of PBL integrated
with the currently used science curriculum. Students were provided with guidelines and an
organizer packet to follow over the project period (Appendix Y). Students were also provided
with the assessment rubrics and needed technology training before the start of each project.

Students' projects were assessed using formative assessment rubrics (Appendix S) designed to
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monitor progress and summative assessment rubric (Appendix T) designed to evaluate the final

project presentation (Thornton et al., 2013).

Students submitted their plan (design) for the project (Appendix O) before the start of the
project. As part of their plan, students submitted a timeline for project completion (Appendix
Y), presentation of the final product, and individual student self-evaluation (Appendix P). The
researcher provided students with guidance as needed and a checklist to assist the students with
the process of formulating a driving question (Appendix N) that their investigations would
answer. Problems designed by students were developmentally appropriate, utilized student
personal knowledge and experiences, considered student skills and resources, and supported
classroom curriculum goals. Students designed and tested their projects or prototypes and
maintained detailed documentation of their design process using their Interactive Science Folders

and Journals (Appendix U).

Formative and summative rubrics (Appendix S &T) were used to measure students’
success at completing their projects effectively with their team members and as individuals. At
the completion of project, criterion-referenced tests (diagnostic unit pretest, chapter tests, and
benchmark summative unit posttest) available as part of the teacher resources that accompany
the existing curriculum (Thornton et al., 2013) were administered by the researcher as part of the
classroom assessment practices to measure comprehension of materials and ensure content
knowledge proficiency. The tests included multiple-choice, fill-in-blank, true, or false, short
answer, essay questions. The researcher administered the tests as part of the classroom

assessment practices.
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The formative assessment rubric (Appendix S) provided students with feedback while the
project (investigation) was still in progress to allow students to make necessary changes and
corrections as they moved toward completion of the projects or investigations and achievement
of learning goals. A rubric-based summative assessment (Appendix T) (Thornton et al., 2013)
was also conducted to evaluate students based on items such as meeting project milestones on
time, quality of the final product, teacher observations of students’ work in the classroom, team
reports, individual reports. In preparation for project presentations, the students worked
collaboratively with the teacher to review and evaluate the whole project, select materials to
share, find creative ways to share their knowledge and make a purposeful transition between the
conclusion of the project and the topic of study in the current as well as the next project

(Ozdemir, 2006).

Each student was involved in representing what was learned while working in their level
of core competencies through the production of artifacts and products. The completed products
of the projects consisting of group and individual written reports, a poster, and model
presentation demonstrating a scientific principle were evaluated at a culminating event where

students shared what they had learned with others.

Interactive science journals. Throughout the investigational process, students were
responsible for maintaining their detailed and chronological individual and collaborative group
notes using their Interactive Science Folders and Journals. Students designed and tested their
project and maintained detailed documentation of their design process using their Interactive

Science Folders and Journals (Appendix U).



230

Students maintained their detailed and chronological individual and collaborative group
notes using their Interactive Science folder and Journals throughout the life of the study. Student
folders and journals were assessed using the Interactive Science Folder and Journal evaluation
rubric (Appendix U). Students were evaluated on the quality and type of data recorded during
the life of the project. Students documented the concept map (Appendix M) that was created
during the topic introduction in their science journals. As part of each class period, students
updated their notes and concept map to show daily progress. At the end of a project, students
reflected on their collaborative efforts (Appendix Q) by describing the general process followed
by the group to achieve their learning goals, state their contributions to the team effort, and
suggestions for future improvements. Student reflections provided the researcher with insight
into how the groups were functioning and any necessary future changes that needed to be made

(Frank & Barzilai, 2004).

Student artifacts. The researcher collected artifacts demonstrating the implementation
and use of PBL and technology integration into the currently used science curriculum.
Additional, artifacts such as quizzes, examination results, and formal and informal student
products such as Interactive Science folder and Journals, research papers, and project
background reports were collected based on their relevance to the learning activities,
demonstrating student engagement in the classroom learning activities. Other artifacts collected
included class handouts, weekly lesson plans, and pictures of students engaged in PBL activities.
When collecting student artifacts, all identifying information, including the student name, was
removed to make sure that the data collected could not be traced back to any participant in the

study.
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Fieldwork Coding Process

The raw data collected was sorted and manually organized. A codebook was developed,
including a list of data collected along with the description of each type of data collected and the
numerical values assigned by the researcher. The researcher examined the data collected,
including the field notes, student artifacts, and photographs taken during the study while writing
memos from an emic perspective to develop organizational themes by grouping similar codes
using a conventional axial coding method that allowed for the elimination of redundancy and
overlap of codes. Photographs were also tagged and coded similarly. Axial coding allowed for an

understanding of contextual relationships between themes (Creswell, 2013).

The data was then coded using Microsoft Excel 2018 spreadsheets as well as Microsoft
Word 2018 to clarify the text from the qualitative data collected during the study (Figure 93).
The field notes, observations, Interactive Science Journals, open-ended survey questions, teacher
interviews as well as photographs underwent a process that allowed for examination and coding
of data based on common characteristics, thus helping the researcher to answer the study’s
guiding questions. The ethnographic fieldwork analysis and the subsequent coding process lead
to the identification of 11 themes that helped explain the classroom culture as a culture-sharing
group. The seven themes that emerged from the analysis of the student surveys were: (a) life and
social skills; (b) collaboration and teamwork; (c) learning and understanding; (d) leadership and
responsibility; (e) communication; (f) academic skills; and (g) real-world experience. The four
themes that emerged from the analysis of the staff surveys and the teacher interview were: (a)

benefits of collaboration and teamwork; (b) challenges of collaboration and teamwork; (c)
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Project-based learning; and (d) use and role of technology in the classroom.
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Figure 93. Fieldwork Coding Process

Student Surveys. The data collected from the open-ended questions found in the
students’ Pre-study and Post-study surveys were organized into Tables using Microsoft Excel
2018 software for further analysis. The researcher listed all responses, identified common
themes, grouped the data according to common themes, and created graphics to assist in data
analysis. The themes that emerged from the analysis of the students’ Pre-study and Post-study
surveys were: (a) life and social skills; (b) collaboration and teamwork; (c) learning and
understanding; (d) leadership and responsibility; (e) communication; (f) academic skills; and (g)

real-world experience.

Life and social skills. Life and social skills emerged as one of the themes in the
students’ survey. In their response’s students listed time management; development of social

skills by working together; dealing with different personalities; cooperating within a team;
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meeting deadlines; organizational skills; research and presentation skills; creativity and problem-
solving as meaningful life and social skills learned through project-based learning.

Collaboration and teamwork. An additional theme that emerged from the analysis of the
student surveys was collaboration and teamwork. In their response’s students stated some of the
benefits of collaborative teamwork, such as the ability to discuss and exchange thoughts and
ideas. Participants also believed that work became more natural and more interesting because
they could work together as a team, so “more work could be done, which made the project easier
and more fun.” Work also became less stressful because “everybody took part in the project; that
way, there was no huge amount of workload.” Survey data showed that students liked working in
groups because “groups were supportive,” which helped them to “feel as if they had an extra
commitment to the group to finish on time.” Many also enjoyed talking to the other teams
regarding their projects because they thought that “when working in groups, students could learn
a lot and gain a lot of new perspectives on the topics that their classmates were learning.”
Students believed that lack of cooperation, someone not doing a part, arguments, talking, and
being distracted were the main challenges when working in groups.

Learning and understanding. Analysis of the open-ended student survey questions led
to the emergence of learning and understanding as one of the themes in the study. In their
response’s students stated that one of the benefits of working collaboratively in groups was that
they could “further expand their knowledge by hearing other's ideas and seeing things from
different viewpoints.” Students believed that working collaboratively, they could learn more by
brainstorming different ideas and help each other to understand the concepts. Therefore, the
student thought that they did not “need to rely on the teacher for getting a question answered.”

Student responses suggested that the social support received while working in groups helped
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them to learn while making work fun. Additionally, many felt that the research the teams did as
part of developing their projects allowed them to “learn the information better by finding the
information using more senses.”

One student participant did not believe that “working on a project was not an effective
way of learning science.” However, the student qualified this answer by saying that working on a
project helped with a more in-depth understanding. Many of the student responses showed that
they felt that project-based learning was an effective way of learning science because “you can
see what you are learning in action, not by the teacher standing in front of a classroom and
talking.” Student responses indicated that they liked the hands-on aspects of project-based
learning because “kids are a little immature and like to play with weird things and make weird
stuff. It is more fun.” As one student stated, “you do not have to sit and learn, you can build
things, innovate and discover new things as you learn more about the topic. Because I must
research the topic and then make a model, I remember the topic better.”

Leadership and responsibility. Leadership and responsibility emerged as one of the
themes in this study. In their comment’s students stated that they believed that one of the
benefits of working in teams was that they could “expand their leadership skills” by “working
hard,” “being trustworthy,” and taking responsibility for the team’s success. Students also
believed that communication skills were essential to the team’s success. As stated by one of the
participants, “when working in groups, you learn to work together in unity. You learn to take
responsibility and be a leader. You learn to better communicate with other group members.”

Academic skills. Academic skills were one of the themes for this study. The student
responses given on the survey showed that they believe that “one of the skills the teacher wants

us to learn by doing a project is to understand the concept and become an independent learner



235

fully.” Student data showed that students preferred “doing projects” to show progress on
academic skills such as critical thinking, problem-solving, and writing, and reflection. One
student indicated that projects rather than the test would be a better way to assess students on the
acquisition of academic skills because being assessed through a project rather than a test because
“for projects you have to show that you understand while in the test you have to memorize the
vocabulary and functions.”

Real-world experience. One of the themes for this study dealt with the real-world
connections of each project. In their comment’s students stated that PBL was an effective way
of teaching because students were able to experience many aspects of real-life such as working
with other people, time management, organizational skills, research skills, presentation skills,
coping with deadlines and responsibilities. Many stated that they believed PBL allowed them to
‘experience science in the real world” and see “how the topic of the lesson reflects in real life.”
One student stated that in their opinion, PBL was “an effective way to learn science because it
replicated what it was like to be a scientist working in a science lab rather than simply taking on
a project.”

Staff Survey. The themes that emerged from the analysis of the staff surveys were: (a)
benefits of collaboration and teamwork; (b) challenges of collaboration and teamwork; (c)
Project-based learning; and (d) use and role of technology in the classroom.

Benefits of collaboration and teamwork. The analysis of the responses given by the
administrative and teaching staff who participated in this study indicated that they saw many
benefits for the use of collaboration and teamwork in the classroom, such as the development of
leadership skills, social and life skills. One of the participants said that working in groups

allowed the students to generate “ideas in a "hive mind,” thus “developing cooperative skills”
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and the ability to communicate effectively by “listening to others thoughts and ideas and hearing
how others process information.” Participants also felt that working in groups was useful for
teaching students how to work effectively with others while “practicing with real-world
situations.” Furthermore, the participants believed that “collaborative learning ensured
participation and a higher level of learning” because “students could discuss, explain, and reflect
on their understanding.”

Challenges of collaboration and teamwork. The analysis of the responses given by the
administrative and teaching staff who participated in this study indicated that they saw many
challenges for the use of collaboration and teamwork in the classroom. Many teachers believed
that it would be difficult to grade the projects since “some students may not be as dedicated to
getting a good grade as others.” The teachers were concerned that “students may not understand
what needs to be done and 'divide up' tasks without understanding the tasks.” The teachers were
also concerned with the issues of classroom management. Many teachers believed that “ensuring
students were on task, ensuring equitable distribution of labor, and managing personality
conflicts” would be challenging. Additionally, teachers who dealt with students who were in the
process of learning English as a second language were concerned that these students would be
“passive learners and hesitant to participate in groups” due to issues created by lack of command
of the English language.

Project-based learning. The staff participants were asked to give their definition of
project-based learning. The administrators stated that they believed PBL to be” when students
learn by choosing to investigate a problem with real-life applications presented by the teacher to

show that they have learned in the lesson in place of a test.” The teachers defined PBL as” “when
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students learn by investigating an assigned problem with real-life applications in place of a test
to help them learn the lesson or show that they have learned the lesson.”

Use and role of technology in the classroom. The administrative and teaching staff had
different ideas about the use and role of technology in the classroom. The participating
administrators believed that the use of technology-integrated project-based learning as presented
by this study to be beneficial to the students by providing them “with the tools necessary for
future success.” The administrators believed that it was essential to use technology in the
classroom. However, their concern was that the use of technology could interfere with the
“completion of the curriculum and having the students learn all the necessary academic skills.”
Administrators also indicated that they believed that “teacher buy-in” and knowledge of teaching
methods needed was their most significant constraints when thinking about the implementation
of project-based learning.

The participating teacher’s views ranged from “technology can sometimes be a distraction
more than it is engaging” to “technology opens new avenues with projects and levels of
understanding that are different from traditional methods.” Some teachers stated that they use
technology almost daily to help students make real-world connections. These teachers believed
that there was a “place and value for the use of technology mixed with traditional methods in
today’s classroom, and there should be a balance of both in a student-driven classroom.” In
consideration of college and career readiness, one teacher stated that “students learn better how
to use technology in a guided manner and have more opportunities to learn how to access a wide
range of information.” On the other hand, some teachers “preferred non-technology-based
projects, or projects using "tried and true" methods like PowerPoint. Sometimes the amount of

effort to implement the project does not merit the results.” These teachers believed that giving
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students access to technology means that they “want to multi-task and get distracted with games,
making it difficult to monitor everyone's attention and engagement."

Additionally, teachers were concerned that students become “dependent on looking to the
internet for answers so that they do not have to think their way through a process. They believe
that Google has all the answers and that all the answers on Google are correct. They do not
bother to assess the validity of the information they found.” Although they agreed that the skills
needed for effective use of technology could be taught, they stated that they lacked resources and
time to learn the “technology before putting it hands of students.”

Teacher Interview. The teacher interview responses were analyzed according to the
themes of the study. The teacher interview themes were learning and understanding, leadership
and responsibility, real-world experience, benefits of collaboration and teamwork, challenges of
collaboration and teamwork, project-based learning, and the use and the role of technology in the
classroom.

Learning and understanding. CCT’s felt that PBL was “a great technique to learn more
about and implement in my classroom.” However, CCT also felt that there was a place “for
traditional teaching methods alongside PBL that help students develop important skills.” CCT
believed that a balance of traditional methods alongside PBL could create a beneficial
curriculum model. According to CCT, during a lecture, students may learn how to focus and
engage in the discussion, as well as learn how to take notes and draw diagrams efficiently. This
opinion was based on CCT’s belief that the ability to listen to information and take useful notes
has helped CCT become a successful adult. However, CCT stated that the benefits of PBL could
significantly enhance some of the less engaging methods of teaching, such as a lecture. CCT

said that PBL was an effective method of teaching because students were able to integrate
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concepts into real-world applications that were more likely to engage them in the material.
Engagement could lead to higher retention. CCT did not wholly feel comfortable using PBL
exclusively due to a lack of training and knowledge. CCT agreed that gaining more
understanding of the process, and seeing other teachers using the strategy effectively could lead
to a change of opinion.

Leadership and responsibility. When asked about allowing students to design their
projects, CCT stated that “I think that this would be a great method for students who have
already gotten accustomed to PBL, so they understand the process. Without prior experience, |
could imagine that students would have a hard time with task management and time constraints.
They might also have a difficult time delegating responsibility effectively so that everyone is
fully involved.”

Real-world experience. When discussing the application of PBL to the real-life, CCT
stated that “the advantages of implementing PBL in middle school is the level of engagement
and retention that can be attained by allowing students to work through real-world problems to
understand the content. Students also use more higher-level thinking as they work through PBL
than they would with just lecture alone.”

Benefits of collaboration and teamwork. According to CCT, “the benefits of inquiry-
based learning is the level of independent learning and personal engagement of the students.
They have ownership of the topics they learn, which can be a powerful motivator for students as
well as allowing for a higher level of differentiation for a variety of learning styles and levels.”

Challenges of collaboration and teamwork. CCT felt that PBL helped “to focus students
on particular topics, whereas inquiry-based learning seemed to have a less defined roadmap.

Inquiry-based learning can be extremely intimidating to teachers who may not have complete
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knowledge of the concepts they want to cover. It can also make grading and curriculum develop
more of a challenge since the students drive the direction of the curriculum to a more significant
extent.”

Project-based learning. The control classroom teacher (CCT) defined PBL as “an
assignment that requires students to work in groups or independently to complete a task which
expands on a concept learned in class. Typically, the amount of effort involved is above the
level expected on a normal class activity. Projects also have a higher point value than a normal
assignment due to the additional effort that is expected. They usually have a longer time to
complete their work as well.” CCT felt that PBL allowed for “some independent learning but in
a more controlled way since the students are given a specific problem to solve or scenario to
develop, giving teachers a little more control and direction of the curriculum. It also still allows
for differentiation since the students will develop solutions at the level of their ability.”

Use and role of technology in the classroom. CCT used technology as part of her
curriculum and instruction. Students had access to a personal iPad. However, they were only
allowed to use them if they were involved in a teacher-directed activity. According to CCT, "a
rubric and guidelines for teacher-selected projects would be given to the students at the
beginning of the project so the students would know what to expect and how they will be
assessed." While the students worked independently, the CCT supervised and guided students as
needed. At the end of the project, students would be expected to turn in a “product of some kind
or present their product to the class.”

Validity Issues

Validity referred to the ability of a method to measure what the researcher believed it

should be measuring (Maxwell, 2013). To establish internal validity researcher addressed how
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well the research instruments measured what they were expected to measure through evaluation
of formative and summative criterion-referenced tests used for this study to make sure all the
relevant areas of the topic studied were represented in the tests. A comparison was made
between materials taught and what was tested. The similarity between these areas indicated very
high content validity. The criterion-referenced tests were provided by the publishers of the
textbook (Thornton et al., 2013) and as such, contained high item validity and sampling validity.
The item validity was used to verify that all elements of test B (pretest) and test A (post-test)
covered the topics studied in the classroom. The sampling validity was used to make sure that
the questions used tested the full breadth of the content taught.

Internal validity allowed the researcher to say with a degree of certainty that no other
variables other than the independent variables were responsible for the change in the dependent
variables (Maxwell, 2013). Threats to internal validity included unclear test directions that could
have caused the participants to misinterpret the question and thus provide an incorrect or an
incomplete answer. Additionally, confusing, and ambiguous test terms, as well as vocabulary
and acronyms that were too difficult for test-takers to understand, could have made it difficult for
the test takers to answers the questions on the test. Untaught items included in the achievement
tests and failure on the part of the students or proctors to follow standardized test administration
procedures might have influenced the test results.

To control the threats to internal validity, the researcher used multiple validation
strategies. Intensive long-term involvement (ethnography) led to repeated observations. The
continued presence of the researcher as a participant-observer (ethnographer) helped rule out
distortions and premature conclusions. Triangulation of detailed and varied data such as detailed

note-taking as well as an accurate transcription of specific events was used to help the researcher
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develop a complete account of the events studied. A member check was employed to overcome
researcher bias and misinterpretation of the participants’ comments and actions. To further
overcome researcher bias, the data was collected but not examined or analyzed until after the
study data collection phase had been completed. The data collected was extensively searched for
discrepant evidence and the sources of the discrepant data to identify and communicate the
diversity of activities and perspectives in the setting, and the population studied (Maxwell, 2013;
Oliver-Hoyo & Allen, 2006).

To control bias, the researcher compared the data collected in the experimental classroom
using PBL with the data collected in the control classroom using traditional research-based
instructional strategies. To avoid bias in the data collected, the researcher used an intercoder
agreement of 80% between multiple coders of data sets based on the code names, coding of the
same passages the same way, and the agreement on the themes of the study. Additionally, the
researcher triangulated control classroom data with other sources of data collected and checked
for alternative explanations.

External validity addresses how well the findings from a research study could be applied
to additional participant's circumstances such as people in different settings, different ages, or
from alternate lifestyles (Maxwell, 2013). External Validity measured whether interferences
gained from this test or study could be held for participants in an alternative situation such as
those involving different age groups, socioeconomic groups, and people of diverse cultural
backgrounds. Threats to external validity, such as funding or frequency of intervention, could
determine if the results of the study can be generalized across types of students, organizations,
and schools. Treatment variations created by external variables such as funding or frequency of

intervention, outcomes of the study, and settings created by the availability of resources were
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among other threats to external validity. External validity could be increased through participant
sampling choice. A more significant sample size with multiple demographics and ethnicities,
socioeconomic status, as well as international participants, could have increased external
validity.

CTP4 test used by the researcher’s organization measured advanced skills in keeping
with the advanced curriculum used by the organization. Because the study school selected has
no features that make it different from other small private school organizations with a traditional
science curriculum offered in grades six, seven, and eight, the researcher found no reason to
study teachers in other private school settings. Students participated in surveys anonymously to
ensure that students were responding honestly, thereby eliminating any power the researcher
might have had over them as their science teacher. Data collector characteristics and data
collector bias were controlled because the researcher was also the data collector. Educational
Records Bureau (ERB) scored the Standardized Science Achievement tests, thus helping to
eliminate validity issues caused by collector bias and teacher fatigue (Creswell, 2013).

Summary

The researcher conducted a Quasi-experimental (Nested design) ethnographic study to
explore if the implementation of technology-integrated PBL in a middle school science
classroom could enhance existing science curriculum while adhering to the curriculum standards
and lesson pacing guidelines would lead to changes in students’ attitude and aptitude resulting in
an improved overall academic achievement for science. Additionally, this study attempted to
determine if administrative support could serve to change the attitude of teachers with basic
knowledge of technology toward the implementation of technology-integrated PBL in their

classrooms to improve students’ levels of academic achievement.
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The purpose of this study was achieved through analysis of data collected from
structured student and staff surveys, Science Standardized Testing (CTP4), observations, field
notes, lesson plans, rubrics, interactive science journals, and student artifacts. The data
collected was analyzed quantitatively as well as qualitatively.

The quantitative data analysis was conducted using both descriptive statistical tests as
well as inferential statistical tests. Due to a small sample size, the data collected from students
and staff structured surveys, Science Standardized Test (CTP4), and criterion-referenced tests
were analyzed using non-parametric inferential statistical tests, including Spearman’s Rank
Correlation (Spearman Rho), Wilcoxon Signed Rank test. The level of significance of 0.05 was
set for each statistical analysis test used. The data analyzed quantitively using the Excel 2018
Data Analysis Tool Pack and Real Statistics Resouce Pack for Excel 2018 (Zaiontz, 2019).

The data generated by Likert-style survey could only say one score was higher than
another, but could not provide the distance between the two points (ordinal data). The student
survey results showed that students’ rating of their favorites academic subjects, as stated in the
Pre-study and Post-study surveys (Table 11) decreased 15.2% for mathematics, increased 2.5%
for Spanish, decreased 7.9% for Literature, increased 2.2% for Art, increased 0.8% increase for
science and decreased 3.4% for Language arts during the life of the study. An overall comparative
analysis of the students’ Pre-study and Post-study surveys did not show significant levels of change
despite the shifting of the students’ opinions from one category to another.

A comparative analysis of teachers’ and the administrators’ surveys (table 17) showed
that 99.99% of administrators responding to the survey either strongly agreed or agreed that they
would like to see teachers use more complex tasks in the classroom whereas only 49.99% of

teachers agreed with them. Both groups responded the same way when asked about their level of



245

motivation for the implementation of technology-integrated PBL in the classroom. There was an
apparent disconnect between the views of the staff and students regarding the use of digital
devices in the classroom. As shown in table 18, an average of 30.9% of students either strongly
agreed or agreed that they learned more when they used their digital devices as opposed to 18.74

of teachers and administers who agreed with them.

The descriptive statistical data analysis conducted for the ordinal data collected from the
criterion-referenced diagnostic (pretest) and benchmark (posttest) for grades six, seven, and eight
showed that the data collected was non-parametric. Therefore, further data analysis to determine
the significance of the data collected was done using inferential statistical tests Wilcoxon
Signed-Rank Test and Spearman Rho.

The sixth-grade Wilcoxon Signed-Rank Test for the criterion-referenced tests showed
that the difference between the pretests and posttest was statistically significant at p <.05.
However, testing results using the Spearman Rho showed that by normal standards, the
association between the implementation of PBL and test scores was not considered statistically
significant. A comparative analysis of the sixth-grade project scores showed that the most
frequent score earned by students was 100 percent, as can be seen in Figure 46.

The seventh-grade Wilcoxon Signed-Rank Test for the criterion-referenced tests showed
that the difference between the pretests and posttest was statistically significant at p <.05.
Furthermore, testing results using the Spearman Rho showed that by normal standards, the
association between the implementation of PBL and test scores was considered statistically
significant. A comparative analysis of the sixth-grade project scores showed that the most

frequent score earned by students was 100 percent, as can be seen in Figure 64.
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The seventh-grade Wilcoxon Signed-Rank Test for the criterion-referenced tests showed
that the difference between the pretests and posttest was statistically significant at p < .05.
Furthermore, testing results using the Spearman Rho showed that by normal standards, the
association between the implementation of PBL and test scores was considered statistically
significant. A comparative analysis of the sixth-grade project scores showed that the most
frequent score earned by students was 100 percent, as can be seen in Figure 64.

The eight-grade Wilcoxon Signed-Rank Test for the criterion-referenced tests showed
that the difference between the diagnostic pretests and benchmark posttest was statistically
significant at p <.05. Furthermore, testing results using the Spearman Rho showed that by
normal standards, the association between the implementation of PBL and test scores was
considered statistically significant. The Wilcoxon Signed-Rank Test for the Introduction to
Matter pretest and posttest showed that the results were not statistically significant at p < .05.
However, testing results using the Spearman Rho showed that by normal standards, the
association between the implementation of PBL and test scores was considered statistically
significant. The Wilcoxon Signed-Rank Test for the Phases of Matter pretest and posttest
showed that the results were not statistically significant at p <.05. Due to the small sample size,
it was not possible to accurately calculate the p-value that may have impacted the results.
However, testing results using the Spearman Rho showed that by normal standards, the
association between the implementation of PBL and test scores was considered statistically
significant. A comparative analysis of the sixth-grade project scores showed that the most
frequent score earned by students was 100 percent, as can be seen in Figure §3

The qualitative portion of this study was conducted using an ethnographic methodology

to explore how the implementation of technology-integrated project-based learning could impact
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a middle school science classroom culture with the assumption that multiple educational theories
such as constructivism, situated learning, the theory of change and the theory of learning and
awareness impact of the implementation of technology-integrated project-based learning (PBL)
in a middle school science classroom. The researcher utilized triangulation and member checks
to analyze and confirm the results of the study based on the data collected.

A total of 14 formal observations were conducted in the experimental classroom during
the life of the study. Additional informal daily as well as weekly field notes and observations
about students’ progress, problems, explanatory, and reflective notes on the physical setting of
the classroom, the participants, activities and interactions, conversations, student attitude and
demeanor, and even the researcher’s behavior were documented in the researcher’s diary. The
experimental site administrators also conducted formal observations of the experimental site
classroom to ensure compliance with the PBL lesson plans with state and school site teaching

standards.

The researcher planned and developed lesson plans that contained literature-based criteria
for PBL based on the principals of PBL. Before the introduction of a new topic of study, the
researcher assessed students’ prior knowledge by using criterion-referenced diagnostic pretests
and chapter tests provided by the currently used science curriculum. The topics for each grade
level were introduced using a concept map created at the beginning of each unit. Additional
information was provided through a benchmark lesson. Students were placed in small groups
who worked together towards finding the answer for a common driving question in a project
using the principles of PBL integrated with the currently used science curriculum. Students were
provided with guidelines and an organizer packet to follow over the project period (Appendix

Y), including the assessment rubrics.
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Students submitted their plan (design) for the project (Appendix O) before the start of the
project. The researcher provided students with guidance as needed and a checklist to assist the
students with the process of formulating a driving question (Appendix N) that their
investigations would answer. Students designed and tested their projects or prototypes and
maintained detailed documentation of their design process using their Interactive Science folder
and Journals. At the completion of the project, criterion-referenced tests (diagnostic unit pretest,
chapter tests, and benchmark summative unit posttest) available as part of the teacher resources
that accompany the existing curriculum (Thornton et al., 2013) were administered by the
researcher to measure comprehension of materials and ensure content knowledge proficiency.
The formative assessment rubric (Appendix S) provided students with feedback while the project
(investigation) was still in progress to allow students to make necessary changes and corrections
as they moved toward completion of the projects or investigations and achievement of learning
goals. A rubric-based summative assessment (Appendix T) (Thornton et al., 2013) was also
conducted to evaluate students. In preparation for project presentations, the students worked
collaboratively with the teacher to review and evaluate the whole project, select materials to
share, find creative ways to share their knowledge and make a purposeful transition between the
conclusion of the project and the topic of study in the current as well as the next project
(Ozdemir, 2006). The completed products of the projects consisting of group and individual
written reports, a poster, and model presentation demonstrating a scientific principle were
evaluated at a culminating event where students shared what they had learned with others.
Students were responsible for maintaining their detailed and chronological individual and

collaborative group notes using their Interactive Science folder and Journals. Student reflections
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provided the researcher with insight into how the groups were functioning and any necessary

future changes that needed to be made (Frank & Barzilai, 2004).

The experimental group and the control group studied the same materials through the
course of this study. Both groups used the same curriculum (Thornton et al., 2013) and had
similar access to technology, along with administrative support. Students received similar
instructions about the Periodic Table of elements. The control classroom teacher selected and
provided the researcher with anonymous student artifacts collected in the control classroom.
When collecting field notes in the control classroom, all notes and observations were recorded
using pseudonyms, group data reporting, and use of coded information to be sure that the data
collected could not be linked to individual participants. The control classroom teacher removed
all student identification information from work submitted to the researcher. The researcher
conducted three formal observations of the control classroom to collect data about the lesson and
activity being observed, the classroom's physical setting, students’ attitudes and demeanors,
student conversations, and classroom activities and interactions. The confidentiality of the
participants was ensured by using pseudonyms, group data reporting, and the use of coded
information to be sure that the data collected could not be linked to individual participants. The
researcher interviewed the control classroom teacher to gain insight into similarities and
differences between how PBL could be used to enhance learning in relationship to other
research-based instructional strategies.

Academic artifacts were collected to document activities relevant to project-based
learning, collaboration, scientific content understudy, and project presentations. The raw data
collected was sorted and organized to develop a codebook. The data collected was examined

from an emic perspective to develop themes using axial coding (Creswell, 2013). Using
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Microsoft Excel 2018 spreadsheets as well as Microsoft Word 2018, 11 themes were identified
that helped explain the classroom culture as a culture-sharing group. The seven themes that
emerged from the analysis of the student surveys were: (a) life and social skills; (b) collaboration
and teamwork; (c) learning and understanding; (d) leadership and responsibility; (e)
communication; (f) academic skills; and (g) real-world experience. The four themes that
emerged from the analysis of the staff surveys and the teacher interview were: (a) benefits of
collaboration and teamwork; (b) challenges of collaboration and teamwork; (c) Project-based
learning; and (d) use and role of technology in the classroom.

Students listed time management; development of social skills by working together;
dealing with different personalities; cooperating within a team; meeting deadlines; organizational
skills; research and presentation skills; creativity and problem-solving as meaningful life and
social skills learned through project-based learning. Participants stated that work became more
natural and more attractive because they could work together as a team, so “more work could be
done, which made the project easier and more fun.” Learning and understanding emerged as one
of the themes in the study. Many students felt that project-based learning was an effective way
of learning science because “you can see what you are learning in action, not by the teacher
standing in front of a classroom and talking.” Students believed that one of the benefits of
working in teams was that they could “expand their leadership skills” by “working hard,” “being
trustworthy,” and taking responsibility for the team’s success. Data showed that students
preferred “doing projects” to show progress on academic skills such as critical thinking,
problem-solving, and writing, and reflection. Furthermore, students believed PBL allowed them
to ‘experience science in the real world” and see “how the topic of the lesson reflects in real

life.”



251

Administrators and teachers who participated in this study saw the use of collaboration
and teamwork in the classroom, such as the development of leadership skills, social and life
skills as the benefits for the use of collaboration and teamwork in the classroom. One of the
participants stated that working in groups allowed the students to generate “ideas in a "hive
mind,” thus “developing cooperative skills” and the ability to communicate effectively by
“listening to others thoughts and ideas and hearing how others process information.” The
administrators and teachers who participated in this study saw difficulties in grading projects,
lack of maturity and understanding, lack of full knowledge of the English language, and
classroom management as challenges for the use of collaboration and teamwork in the
classroom.

When asked about their understanding of what the PBL process, students believed that
PBL was “when students learn by investigating an interesting problem presented by the teacher”
(question 47), additionally, students believed that PBL was “when students learn by investigating
a problem with real-life applications” (question 48). The administrators stated that they believed
PBL to be” when students learn by choosing to investigate a problem with real-life applications
presented by the teacher to show that they have learned in the lesson in place of a test.” The
teachers defined PBL as” “when students learn by investigating an assigned problem with real-
life applications in place of a test to help them learn the lesson or show that they have learned the
lesson.”

The researcher established consistency of analysis through a comparative analysis of the
formative and summative criterion-referenced tests for the content taught verses content tested to
ensure a high content validity in addition to the use of split-half reliability, scorer/rater reliability

and parallel reliability analysis of CTP testing scores. The comparison of the test grades for the
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criterion-referenced tests established the level of split-half reliability and the scorer reliability at
100% (Sprinthall, 2012). Multiple validation strategies such as intensive long-term involvement
(ethnography), triangulation, and member check were used to overcome the threats to internal
validity. An intercoder agreement of 80% was used to overcome bias in the interpretation of
data collected. A more significant sample size with multiple demographics and ethnicities,
socioeconomic status, as well as international participants, could have increased external
validity. CTP4 test used by the researcher’s organization measured advanced skills in keeping
with the advanced curriculum used by the organization. Because the study school selected has
no features that make it different from other small private school organizations with a traditional
science curriculum offered in grades six, seven, and eight, the researcher found no reason to
study teachers in other private school settings. Students participated in surveys anonymously to
ensure that students were responding honestly, thereby eliminating any power the researcher
might have had over them as their science teacher. Data collector characteristics and data
collector bias were controlled because the researcher was also the data collector. Educational
Records Bureau (ERB) scored the Standardized Science Achievement tests, thus helping to

eliminate validity issues caused by collector bias and teacher fatigue (Creswell, 2013).



CHAPTER 5: DISCUSSION

This chapter included a discussion of the study’s significant findings as related to the
literature on the use of project-based learning in the classroom. This chapter also included a
review of the connections between the study’s findings and the theoretical foundations for
this study based on constructivism, situated learning theory, the theory of change, and the
theory of learning and awareness. The study conclusions about implications for practice and
recommendations for further research provide valuable contributions to the recognition of a
middle school science classroom culture and how it affected the learning of science. This
study was valuable as an unconventional approach to collecting active learning education
research data to inform educational efforts for the implementation of best practices in the
classroom and effective methods of monitoring the progress of science education.

Discussion

Through this study, the researcher attempted to build upon currently available
research by looking at the impact of the addition of technology-integrated PBL to the existing
science curriculum and instruction. Additionally, the researcher examined the effect of
teacher's attitude and administrative support for the application of technology-integrated PBL
in middle school science classrooms on the students’ attitude and aptitude, and their levels of

academic achievement on the standardized science test (CTP4).
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According to Blumenfeld et al. (1991), the PBL served as a comprehensive approach to

classroom teaching and learning that designed to engage students in the investigation of
authentic problems to bring relevance and meaning to educational experiences. As the center

PBL, engagement, accented with the use of creativity, could lead to collaboration, teamwork,

of
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motivation, relevance, and establishment of relationships among students as they work on
authentic projects.

Active learning strategies such as PBL that allow students to make connections between
content taught in the classroom and their real-life experiences help schools prepare students for
college and career readiness ("21st Century Skills for Students and Teachers," 2010). As
schools’ transition to the Next Generation of Science Standards, it becomes more important to
assess student progress using authentic assessment based on the artifacts produced by students
rather than simple recall of information for a test (Nextgenscience.org, 2013). However, despite
the evidence from the literature that shows the need for educators to find ways to increase
academic achievement, engage students, and prepare them for the real world, support the use
active learning strategies such as PBL in the classroom has been very slow for many reasons
(Cole, 2008). The practice of the PBL generates a shift away from traditional educational
practices. Therefore, many teachers and administrators struggle to accept that learning strategies
such as PBL that fall outside of the traditional classroom model could meet the demands of
standards-based testing and accountability (Boud & Feletti, 1997).

Theoretical Foundation

The data collected based on the words and actions of the participants was interpreted as
befitting the theoretical foundations of this study. These theories that supported this study were
selected because of their support for the PBL learning experience as relevant, engaging, rigorous,
and authentic. Like the constructivism (Krajcik et al., 1999; Moursund, 2003), PBL provided the
participants with the opportunity to have real-world experiences (Figure 94). Using a
technology-integrated PBL methodology used in this study, the researcher made decisions and

based actions on beliefs that were consistent with constructivism. However, the researcher did
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not suggest how learners should construct knowledge (Kemp, 2014). The students’ comments
and data collected throughout the study showed that participants were given a voice and choice
to learn and construct knowledge in a way that made sense to them rather than as mandated by

the teacher.

Constructivism learning theory

Learning is reconstruction of the knowledge

Knowledge accumulates only in & relative/sense

Progress happens over time

Figure 94. Constructivist Learning Theory

In a manner like the situated learning theory (Korthagen, 2009) Implementation of PBL
provided the opportunity for students to learn through reflection and application of the concepts
learned to other situations (Figure 95). The data collected showed that by being part of a
community of learners’ students were intrinsically motivated to learn and understand scientific
concepts and develop social skills through carrying out a project in a supportive learning

environment (Goldstein & Bevins, 2016; Moursund, 2003).
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Figure 95. Situated Learning Theory

Similar to the theory of learning and awareness (Figure 96), utilization of PBL in the
science classroom allowed the students to observe various facets of experiments simultaneously
in a part-whole relationship where they reached a more in-depth understanding through careful

reflection on the objectives of the experiment (Marton & Booth, 1997; Marton et al., 2004).

Part-Whole
Relationship

Figure 96. Theory of Learning and Awareness

The theory of change (Carole Weiss) states that PBL could help organizations study the
relationship between all steps of teacher training and development (“What is theory of change,”
n.d.) by defining goals and desired outcomes and then mapping pathways backward in
chronological order to make informed decisions about strategies for change and reflectively

evaluate the organization’s plan for teacher training and development (Fullan, 2006) (Figure 97).
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The data collected in this study could help to form the foundations for changes to the teacher

training and development programs within the researcher’s organization.

Acknowledgment of Limitations

Figure 97. Theory of Change

Due to the use of non-random, convenience sample for this study it was not possible to
use a probability sampling technique that would have allowed for generalizations from the
student samples used in this study to all students in grades six, seven and eight. The study
population came from a single for-profit private school organization with three schools;
therefore, it may not be possible to replicate the results of this study in all school populations.
The study's findings may have been influenced by many variables that were outside of the
researcher's control that could have changed the outcome of the students' achievement in science
such as small class sizes, the level of technological expertise of the individual teachers and
students, the degree of scientific knowledge and ability, availability of technical infrastructure,
student aptitude and attitude toward science and school and students’ level of English language

proficiency.
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Discussion of Themes

The analysis of data gathered from the classroom observations, use of field notes,
photographs and videos, lesson plans and rubrics, projects, interactive science journals, student
artifacts, student surveys, staff surveys, and participant teacher interview led to the 11 themes
that emerged and helped to answer the research questions for this mixed-method study of a
middle school science classroom culture. The 11 themes included (a) life and social skills; (b)
collaboration and teamwork; (c) learning and understanding; (d) leadership and responsibility;
(e) communication; (f) academic skills; and (g) real-world experience; (h) benefits of
collaboration and teamwork; (I) challenges of collaboration and teamwork; (j) Project-based
learning; and (k) use and role of technology in the classroom.

Life and social skills. Life and social skills emerged as one of the themes in the study
data generated by the students as well as the staff surveys. The data showed the study
participants saw time management, development of social skills by working together, dealing
with different personalities, cooperating within a team, meeting deadlines, organizational skills,
research and presentation skills, creativity, and problem-solving were meaningful life and social
skills learned through project-based learning.

Collaboration, teamwork, and communication. The analysis of the study data leads to
the recognition of collaboration and teamwork as one of the major themes in the study. Student
data showed that some of the benefits of collaborative teamwork included the ability to discuss
and exchange thoughts and ideas. Participants believed that the work became more natural and
exciting because they could work together as a team. Working together made the work less
stressful because everybody took part in the project and shared the workload. Survey data

showed that students liked working in groups because of the supportive environment created
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when students worked together towards a common goal. The data indicated that the staff
believed that collaboration and teamwork in the classroom led to the development of leadership
skills, social, and life skills. The participants believed that collaborative work allowed the
students to develop cooperative and practical communication skills, thus ensuring a higher level
of learning. The staff data also showed that the level of independent learning and personal
engagement of the students increased due to the sense of ownership experienced by students
participating in project-based learning. Along with many benefits, the study participants
believed that lack of cooperation and poor communication skills as the main challenges when
working in groups. Teachers believed that it would be difficult to grade the projects and
managing the equitable distribution of labor, personality conflicts, and levels of English
proficiency.

Learning and understanding. Analysis of the study data led to the emergence of
learning and understanding as one of the themes in the study. Student participants believed that
working collaboratively in groups could help students expand their knowledge through research
and cooperative learning rather than only relying on the teacher. In contrast to the student
participants, the teachers believed that it was necessary to still use traditional teacher-centered
methods alongside student-centered cooperative learning methods such as PBL to help students
learn how to focus and engage in the discussion, listen to information, and take useful notes.
Participating teachers agreed that PBL was an effective method of teaching. However, they did
not wholly feel comfortable using PBL exclusively due to a lack of training and knowledge.

Leadership and responsibility. Student participants stated that they believed that

working in teams helped them to develop their leadership and communication skills were
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essential to the team’s success. In contrast, teacher participants felt that without prior
experience, students would have difficulty managing time and sharing the workload equally.

Academic skills. The student participants' data showed that students preferred to show
progress on academic skills such as critical thinking, problem-solving, and writing, and
reflection. Student data showed students preferred projects over traditional tests to assess the
acquisition of academic skills because students preferred demonstrating their understanding
rather than memorizing information for a traditional test.

Read-world experience. Students believed that PBL was an effective way of teaching.
They were able to experience many aspects of real-life such as working with other people, time
management, organizational skills, research skills, presentation skills, coping with deadlines, and
responsibilities. Teachers also believed that the implementation of PBL in middle school would
allow students to work through real-world problems using higher-level thinking skills.

Project-based learning. PBL is defined as a teaching strategy where students develop
knowledge and skills over time through investigation of an authentic, engaging, and complicated
question, problem, or challenge
(https://www.bie.org/object/document/pbl_essential elements checklist). In contrast, the
administrators believed PBL to be”” when students learn by choosing to investigate a problem
with real-life applications presented by the teacher to show that they have learned in the lesson in
place of a test.” The teachers defined PBL as” “when students learn by investigating an assigned
problem with real-life applications in place of a test to help them learn the lesson or show that
they have learned the lesson.” The control classroom teacher (CCT) defined PBL as “an
assignment that requires students to work in groups or independently to complete a task which

expands on a concept learned in class.
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Use and the role of technology in the classroom. The administrative and teaching staff
had different ideas about the use and role of technology in the classroom. The participating
administrators felt that the use of technology-integrated project-based learning as presented by
this study to be beneficial to the students, however, their concern was that without teacher buy-
in, the use of technology while implementing project-based learning could interfere with the
completion of the curriculum and learning of all the necessary academic skills. The participating
teachers had varied views. Whereas some teachers believed that technology could sometimes be
a distraction more than a benefit, others felt that the use of technology could help students make
real-world connections.

Research question one. Research question one asked, “How could technology-
integrated PBL be implemented in a middle school science classroom as an augmentation to the
existing curriculum while adhering to the curriculum standards and lesson pacing guidelines?”’
The data generated through the researcher developed lesson plans and rubrics, interactive science
journals, student artifacts, criterion-referenced tests, CTP4, observations, field notes, and
reflections demonstrated how technology-integrated PBL was implemented in a middle school
science classroom as an augmentation to the existing curriculum while adhering to the
curriculum standards and lesson pacing guidelines. The grade-level science standards, school site
curriculum goals, and California middle school science standards (California Department of
Education, 1998), New Generation of Science Standards (2013) and lesson pacing guidelines
provided by the currently used science curriculum (Thornton, Buckley, Miller, Padilla, &
Wysession, 2013) were met through the selection of the study topics by the researcher (Katz &

Chard, 2000).
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Utilization of criterion-based diagnostic tests and chapter pretests provided by the
currently used science curriculum (Thornton et al., 2013) helped the researcher to assess the
student’s prior knowledge and establish a starting point for instruction. The use of concept maps
(Rye, Landenberger, & Warner, 2013) (Appendix M) helped to introduce new topics as well as
engage and focus learners. Students were given a voice by being allowed to contribute their
experiences and understanding of the topic to the concept map.

Benchmark lessons provided the researcher with the opportunity to provide students with
additional background knowledge, scientific skills, and context before the start of the project.
PBL projects allowed the students to work together towards finding the answer to a standard
driving question in a project using the principles of PBL integrated with the science curriculum.
PBL projects encouraged students to work and speak with others in the school community who
were experts on the topic of study to help them with their investigations and project planning.

By going beyond the confines of the classroom and working with scientists within the
community of learners, students not only learned to communicate but also came to appreciate the
connection between the materials studied in the classroom and the real-world. PBL allowed
students to work at their level of core competencies through the production of artifacts and
products individually and collaboratively for the project (investigation) to develop a better

understanding of the concept studied and how scientists use it.

Through providing students with clear instructions and assessment guidelines, the
researcher assisted the students in taking responsibility for team’s project thus allowing the
researcher to transition into the role of an advisor or facilitator and guide, reminding students of
upcoming deadlines and expectations while holding students accountable for their learning

process (McCright, 2012). Clear guidelines and expectations (Appendices N, T, U, & Y) helped
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the researcher to be able to measure students’ success at completing their projects effectively
with their team members and as individuals. Student awareness of the evaluation process
(Appendix T) and its focus on progress rather than a final product, helped students to become
responsible for their learning and reduced students’ level of stress and anxiety (Jacques, Bissey,

& Martin, 2016).

Students learned critical thinking, problem-solving, and science skills when they designed
their project prototypes and maintained detailed documentation of their design process using
their Interactive Science Folders and Journals (Appendix U) (Chesbro, 2006, Doppelt, 2009).
Students learned real-life skills such as time management by thinking about and creating a
project timeline. Problems designed by students helped them to reflect on their knowledge,
experiences, skills, and resources as they learned new information (Blumenfeld, Fishman,
Krajcik, et al., 1999, Krajcik, 2003; Marton & Booth, 1997; Marx, & Solloway, 2000;
Moursund,2003). The sharing of the completed products at a culminating event helped the

students to develop presentations and public speaking skills.

The criterion-referenced tests (chapter tests and benchmark summative unit posttest)
available as part of the teacher resources that accompany the existing curriculum (Thornton et
al., 2013) used along with the assessment of the final PBL product presentations allowed the
researcher to measure comprehension of materials and ensure content knowledge proficiency.
By working with students to review and evaluate the whole project, select materials to share, the
researcher helped the students to make a purposeful transition between the conclusion of the

project and the topic of study in the current as well as the next project (Ozdemir, 2006).
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The comparison of the data for the CTP4 standardized science achievement test during the
2018-2019 academic year with the data from 2016-2017 and 2017-2018 CTP4 in the same
content area demonstrated that the implementation of PBL had led to an increase in the students’
performance levels on the standardized tests. Study results revealed that through the one-year
PBL implementation, CTP4 science scores for seventh-grade students increased significantly
(67.79 points) during the life of the study (Pre-study Mean=615.5625, Post-study
Mean=683.359412). The eighth-grade student scores increased two points in the two testing
cycles before the study (2016-2017 Mean = 683.5, 2017-2018 Mean= 685.5). However, the
eighth-grade scores increased significantly (65.5 points) through the life of the study (Pre-study
Mean= 685.5, Post-study Mean=751). Mean CTP4 scores for the entire group of eighth-grade
students at the experimental site (M=747.318) was marginally lower than the mean at the control
site (M= 754.775). The fact that the mean value of the experimental site was lower than the
control site might suggest that PBL may not have played some role in the CTP4 score increases.

Both sites used the same curriculum and participated in the Standardized Science Test
CTP4 that measured academic achievement. Perhaps the overall increase in the eight-grade
CTP4 science scores at the experimental site as compared to the scores of the same group in the
previous years may have been due to the emphasis on the development of science skills in the
PBL projects. As the PBL projects continued throughout the year, the teacher, and students in
the PBL group became better in conducting projects. Science skills were taught throughout the
year and were incorporated in the PBL projects leading to the strengthening of skills and content
knowledge tested in CTP4 Standardized Science testing. Variables such as teacher willingness

to implement technology-integrated PBL in the classroom and administrative support for the
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implementation of technology-integrated PBL in the classroom may have affected science
growth more than other variables.

Through making observations, using classroom observations protocol (Appendix R), and
collecting data from the online student surveys (Appendix D), the researcher (ethnographer) was
able to examine and document the participants’ behavior and attitudes. The ethnographic
qualitative data documented in the researcher diary about student’s progress, problems,
activities, interactions, conversations, attitude, and demeanor along with the student artifacts
collected demonstrated that the implementation of technology-integrated PBL into the science
curriculum led to the student engagement in classroom activities (Baysura et al., 2016;

Creswell, 2013, Doppelt, 2009; Remmen & Froyland, 2014).

The researcher (ethnographer) conducted observations of the control classroom using the
Classroom Observation Protocol (Appendix R). The follow-up interview with the control
classroom teacher (CCT) examined the similarities and differences between the experimental
and control groups to gain insight into the impact of the use of project-based learning and other
research-based instructional strategies in a science classroom. Based on the researchers’
observations and the interview with the control classroom teacher, the control classroom used
elements of inquiry-based learning. However, the control classroom was very much a
traditional classroom. The topics of study at the control site were introduced using a short
activity to engage the students (like inquiry-based learning) before teaching the material. The
significant concepts were taught using a PowerPoint presentation while students took guided
notes using teacher provided worksheets. Depending on the topic, the project would be
introduced in the middle of the chapter or at the end of the chapter. Most of the projects were

completed in groups picked by the control classroom teacher to get groups with mixed abilities.
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A rubric and guidelines were provided to the students at the beginning of the project so they
would know what to expect and how they will be assessed. The students could work
independently while the control classroom teacher supervised and provided guidance to groups
as needed. At the end of the project, students turned in a product or presented their product to
the class. As shown by the data generated, technology-integrated PBL could be implemented in
a middle school science classroom as an augmentation to the existing curriculum while adhering
to the curriculum standards and lesson pacing guidelines.

Research question two. Research question two asked, “How could the addition of
technology-integrated PBL to other effective teaching strategies used in a science classroom
lead to changes in students’ attitude and aptitude resulting in an improved overall academic
achievement for science?” The data generated by the student surveys, field notes, student
interactive journals, criterion-references test data, and CTP4 testing data led to changes in
students’ attitude and aptitude, resulting in an improved overall academic achievement for
science.

As a teaching strategy, technology-integrated project-based learning provided an
opportunity for students to actively explore real-world challenges and develop a deeper
understanding of the concepts taught in the classroom. In the student survey (Appendix D),
30.9% of students responded that they learned more when they could use personal digital
devices in the classroom in contrast to 18.74% of teachers and administrators who believed
the same thing. Today’s tweens have lived their entire lives in a world surrounded by
technology. They do not recall a time without the internet because, as far as they can

remember, it has always been there. The appropriate use of technology-integrated curriculum
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in the classroom must assume, therefore, play a significant role in our schools’ educational
framework (Katz & Chard, 2000).

The use of technology in conjunction with laboratory experiments and observation
allowed the students to develop an improved understanding of scientific concepts learned in the
classroom and the real-world. As a complement to the scientific skills developed in the
classroom, the use of technology helped the students better identify and state problems, develop
and implement solutions. Additionally, students learned to connect with other areas of
knowledge, such as mathematics, social science, and engineering (Science Teaching
Reconsidered: A Handbook, 1997). Students benefitted from participating in PBL projects
through the development of life and social skills that enable humans to speak appropriately,
make good choices, and behave appropriately according to various situations. Possessing
excellent social skills is essential for students’ academic success. Project-based learning may
play an essential role in reinforcing positive life and social skills that tweens may have picked up
through their daily interactions with adult role models.

Addition of technological tools and skills to PBL lesson plans created by the researcher
(Appendix I) potentially allowed students to personalize their learning. A combination of PBL
and technology provided students with an opportunity to transfer knowledge learned from one
area to another in a collaborative learning environment by focusing on solving a problem or
accomplishing a task (Hmelo-Silver, 2004; Laboy-Rush, 2009). By creating their digital
projects, students not only enhanced their understanding of new materials but also connected
concepts learned with authentic real-life examples (Groff, 2013; Kwek, 2011; Klopfer et al.,

2009; U.S. Department of Education, 2017). Students explored and applied their knowledge in
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the ways that worked best for them, leading to changes in students’ attitude, aptitude, and
improvement of overall academic achievement for science.

Access to digital workspaces in an active learning environment potentially provided real-
world opportunities for tweens to participate in teamwork, collaborate and communicate with
others, create artifacts, develop leadership, critical thinking, and problem-solving skills in real-

time. The development of active life and social skills can, in turn, facilitate success in school.

Research shows that working in groups creates several challenges. When teams work well,
team members feel valued and motivated to do the best they can do. However, when teams do
not work well, team members do not feel valued and motivated because of issues such as poor
communication, difficulty resolving conflicts, lack of participation, lack of creativity, and
ineffective leadership. Students participating in a PBL project could have an opportunity to
experience the challenges of teamwork and learn how to overcome them in a situation that may
closely mimic real-life as they work towards college and career readiness (Beaty-O’Ferrall,

Green, & Hanna, 2010; Brame & Biel, 2015; Bruffee, 1998).

By using personal iPads, students could access and use multiple apps to create digital
artifacts as part of their project presentations. A comparison of the student artifacts collected
from the experimental and control sites demonstrated that both sites utilized the same curriculum
and active teaching strategies. Therefore, the researcher did a follow-up interview (Appendix
W) with the control classroom teacher at the end of the study to focus on gaining insight into
similarities and differences between how technology was used to enhance projects and learning.
Based on the researcher’s observations and the interview with the control classroom teacher,

technology was used minimally to enhance learning in the control classroom. Students used
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their iPads to do research and used a few apps such as Pages and Keynote for taking notes and
creating presentations as well as the onboard camera to take pictures or make movies on iMovie
as opposed to how technology was used in the experimental classroom to engage students. As
shown by the data generated, the addition of technology-integrated PBL to other effective
teaching strategies used in a science classroom led to changes in students’ attitude and aptitude,
resulting in an improved overall academic achievement for science.

Research question three. Research question three asked, “What would be the impact of
administrative support on the teachers’ attitude toward the implementation of technology-
integrated PBL to improve students’ levels of academic achievement?”” The data collected
generated by the staff survey, teacher interview, formal administrative observations, and
evaluations demonstrated the impact of administrative support on the teachers’ attitude toward
the implementation of technology-integrated PBL to improve students’ levels of academic
achievement.

The researcher maintained an open and continuous line of communication with the school
site administrators to ensure the continual support of the organizational gatekeepers and school
site administrators. To complete this study, the researcher received adequate planning time,
physical classroom resources, time for teacher collaboration, classroom observations, and lesson
plan evaluations to ensure that PBL lesson plans developed by the researcher met the standards
and aligned with other school initiatives (Poulos, 2016). Additionally, the researcher received
access to students’ standardized testing data as well as technology support the help students with
the use of their iPads and other technological tools in the classroom (Moeller & Reitzes, 2011).

The school site Director and the Assistant director observed the researcher’s classroom

formally (three times) using Classroom Formal Observation Rubric (Appendix L) to ensure that
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the compliance of the PBL lesson plans with state and school site teaching standards. Using the
Lesson Plan Evaluation Rubric (Appendix K), the school site administrators evaluated the
researcher’s weekly lesson plans.

Following the completion of the study, the administrators provided the researcher with an
opportunity to present the content of the study, its application in the classroom environment,
assessment methods, and the study results during an all-staff in-service meeting. Following the
presentation 12 teachers and three administrators to participated in a voluntary and anonymous
online survey about their opinions on achievement, attitudes toward science, collaborative
workgroups, learning styles, use of technology in the classroom and PBL in the class as a whole
(Frank & Barzilai, 2004, Blair, Czaja, & Blair, Harrigan, 2014, 2014, McCright, 2012).

The administrative evaluation of the implementation of technology-integrated PBL in a
science class was very positive. The administrators were able to observe the implementation of
the lesson plans as well as project presentations. When administrators were asked if they would
be interested in learning more about how they could implement technology-integrated PBL in
their classrooms using the existing curriculum, 100% of the administrators stated that they would
be interested in learning in contrast to 83.33% of teachers who answered the same question. The
data generated by this study showed that administrative support could impact teachers’ attitudes
toward the implementation of technology-integrated PBL to improve students’ levels of
academic achievement.

Implications for Practice

The implementation of the technology-integrated PBL has been previously studied
(Blumenfeld et al., 1991; Eady & Lockyer, 2013; Gollub, Bertenthal, Labov, & Curtis, 2002;

Groff, 2013; Krajcik & Czerniak, 2014). The review of the literature showed a few PBL studies
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(Discovery Education, 2017; Fox, 2016; Lattimer & Riordan, 2011; NYC Department of
Education, 2009) that targeted achievement in the middle grades. However, research was not
evident in the implementation of technology integrated PBL using existing classroom curriculum
while adhering to science standards and lesson pacing guidelines; thus, providing the opportunity

and the need to conduct this study.

This study was designed to examine the relationship between administrative support for
teacher-led educational innovation in a private school and students' achievement scores on
standardized achievement tests in an interrelated planning process to determine the feasibility of
the successful use of technology-integrated PBL in science considering the importance placed on
supporting middle school students for learning science at the middle school. Furthermore, the
study’s design considered and attempted to mitigate all the challenges involved in the
implementation of technology-integrated PBL.

The results of this study showed that despite the many benefits to the implementation of
technology-integrated PBL, there were also many challenges. When tweens become involved in
choosing and planning a project as part of a technology-integrated PBL, they become more
motivated to learn (Katz, 1994). However, teachers find it difficult to trust their students with
the task of choosing a topic of study within the confines of the PBL curriculum (Andrews, 2014).
Some educators believe that students do not know what would be essential to learn when
working on projects. Others cite the level of work and planning involved for the teachers and
suggest that they may not be able to cover the amount of material covered in a traditional
classroom (Boud, D. & Feletti, 1997). Teachers feel that allowing students time to investigate a
problem means that they could no longer follow the lesson pacing guidelines (Stepanek, 1999).

The designing of assessments that could accurately measure student understanding of content
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learned through a PBL project was frequently cited as one of the challenges teachers face for
implementation of technology-integrated PBL (Curtis, 2002). Other challenges listed in the
literature included the lack of time, resources, lack of administrative support, and organizational

knowledge about PBL (Harrigan, 2014; Laboy-Rush, 2007; Thomas, 2000).

However, the results of this study also show that many challenges cited by the critics of
implementation of PBL in the classroom could be overcome depending on the level of teachers’
willingness to learn and implement PBL along with administrative support for the
implementation. The results of this research support the findings of Falik, Eylon, and Rosenfeld
(2008) that showed despite the high positive impact technology-integrated PBL implementation
could have for students, teachers require training and support to overcome their misconceptions
and reluctance for implementing technology-integrated PBL in their classroom successfully.
This study also confirmed that the students participating in PBL treatments showed significant
increases in their Science Standardized Testing Scores on CTP4 during the testing cycle
following the implementation of the technology-integrated PBL (2018-2019) as compared to the
previous two testing cycles (2016-2017 and 2017-2018). The methodology designed by the
researcher and used for this study could be useful for the future development of teacher training
models and strategies for dealing with issues such as classroom management and assessment
when implementing active learning strategies such as PBL in science classrooms at the middle

school level and beyond (Fallik et al., 2008).

Recommendations for Further Research

The study’s delimitations, limitations, and assumptions offer opportunities for further

research: 1) due to the non-probability nature of sampling, external validity was limited to study
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participants; 2) the study was delimited to one school in a private school organization in Orange
County, California; 3) the study was delimited to three grade levels and two middle school; 4)
the study was delimited to the outcome measures of academic achievement in science based on
the CTP4 standardized test; 5) it was assumed that the existing data used had been accurately
measured the criteria, and 6) it was assumed that the participating PBL school followed the
curricula accordingly. To enhance the generalization of the results, the researcher recommends
the: 1) replication of the study in other schools within the private school organization; 2)
replication of the study in other grade levels; 3) replication of the study in other academic
achievement subjects; 4) replication of the study in the other academic achievement
environments.

Despite the production of useful results from this study, given the nature of applied field
research, the results of additional studies using a similar research design, treatment, methods, and
participants could be compared to this study’s results to determine replicability. Slight variations
of elements such as incorporating participants from urban schools or using PBL in other content
areas would redefine parameters of the findings, perhaps strengthening generalizability to other
populations and content areas.

Longitudinal, demographics, and growth data gathered for this project could provide
the bases for numerous studies. For example, this study examined growth in science
process skills and achievement; a similar study could be replicated focusing on thinking
skills using other academic concepts such as mathematics or literature. Other demographics
(i.e., gender, ethnicity, English Language Learner status, gifted and talented selection, or
special education identification, could be analyzed under the same parameters of this study.

Those same data could also be examined through the lens of thinking skills growth. One



274

appealing approach would be to explore the growth of science process skills in students
formally identified as gifted in science across treatment groups and years of
implementation. Data could be collected for students in the areas of general intellectual
ability, specific academic aptitude in math and science, and creativity. Analyses of any one
of these demographics or a combination of them could shed light on teaching strategies for
the gifted. One could even examine the impact of PBL on the percentage of students who
are formally identified in science, or general intellectual ability as compared to students
who did not receive PBL instruction.

Another interesting potential study stemming from this variable focuses on the
experimental group only. A qualitative study focusing on students’ motivation, self-
efficacy, or even self-esteem would prove interesting. How did they feel about themselves
knowing that they were bright? Conversely, the students experienced long periods with
their teacher, potentially developing productive, personal relationships, and engaging in
PBL. They had time to complete work, which impacted the amount of homework. What
impact did those conditions have on their view of self, school, or learning?

It is furthermore suggested that a study be done on the impact of teacher fidelity of
treatment on student growth. Observations were completed on participating teachers
according to tenets of PBL instruction in science. Interrater reliability could be determined
between the school administrator and the outside observer. If reliability were high, then a
study could be conducted correlating student growth via comparison of qualitative
observation data and pretests and posttests on individual units with teacher implementation

of PBL.
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Another interesting approach would be a comparison of the project growth outcomes
with state accountability data. For example, one might look at the percentage of PBL
students who scored high in science on the CTP4 assessments. Comparisons could be made
over longitudinal growth, perhaps indicating the effect of PBL learning in science on CTP4
assessments over time.

Conclusions

The researcher had hypothesized that:

Hi: The data collected would demonstrate how technology-integrated PBL could be
implemented in a middle school science classroom as an augmentation to the existing curriculum
while adhering to the curriculum standards and lesson pacing guidelines.

Ha: The data collected would demonstrate how the addition of technology-integrated
PBL to other effective teaching strategies used in a science classroom could lead to changes in
students’ attitude and aptitude, resulting in an improved overall academic achievement for
science.

H3: The data collected would demonstrate the impact of administrative support on the
teachers’ attitude toward the implementation of technology-integrated PBL to improve students’
levels of academic achievement.

Analysis of the study data supported the study's hypotheses. Despite the study’s limitations,
the overall findings support the use of PBL in science instruction since students in PBL treatment groups
experienced significantly more growth in Science Standardized Testing Scores (CTP4) and process skills.

Moreover, significant growth suggested that sustained implementation is desirable. PBL is an effective

instructional method in science process skills for this population.
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Given that parents, educators, scientists, and government officials have been concerned
about student ability to deal with the changes brought on by the recent innovations in science and
technology (Michaels, Shouse, & Schweingruber, 2008) and the role science plays in our lives, it
is essential that young people understanding essential scientific skills such as critical thinking
and problem-solving supported by PBL that would enable them to improve the quality of their
lives, pursue scientific careers or become scientifically literate citizens in a global society

(Krajcik, Czerniak, & Berger, 1999).

Summary

This chapter included a discussion of this study’s significant findings relative to the
literature on the use of project-based learning in the classroom and the connection between
the study’s findings and the theoretical foundations for this study based on constructivism,
situated learning theory, the theory of change, and the theory of learning and awareness.

The study conclusions provided valuable contributions to the understanding of how
the culture in a middle school science classroom culture affected the learning of science.
This study's unconventional approach to collecting educational research data helped to inform
efforts for effective means of monitoring the progress of science education.

In conducting this study, the researcher tried to build on existing research on the
impact of the addition of technology-integrated PBL to the existing science curriculum and
instruction. Additionally, the researcher looked at the effect of teacher's attitude and
administrative support for the use of technology-integrated PBL in middle school science
classrooms on the students’ attitude and aptitude, and their levels of academic achievement

on the standardized science test (CTP4).
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Educational methods designed to engage students in relevant and authentic problem-
solving help students to take ownership of their education by bringing meaning to
instructional practices (Blumenfeld et al., 1991). Learning strategies such as PBL allow
students to connect content taught to real-life experiences as they prepare for college and
career readiness ("21st Century Skills for Students and Teachers," 2010). Even though the
evidence from research shows the need for educators to find ways to increase academic
achievement, engage students, and prepare them for the real world, support the use of active
learning strategies such as PBL in the classroom has been very slow for many reasons (Cole,
2008). Therefore, many teachers and administrators have difficulty accepting learning
strategies such as PBL that could meet the demands for school accountability (Boud &
Feletti, 1997).

The experimental data were interpreted as befitting the theoretical foundations of this
study that were selected because of their support for the PBL learning experience as relevant,
engaging, rigorous, and authentic. Like constructivism (Ackermann, n.d.; Krajcik et al.,
1999; Moursund, 2003), PBL allowed students to have real-world experiences (Figure 94).
As in the situated learning theory (Korthagen, 2009), students learned through reflection and
application of the concepts learned to other situations (Figure 95). Like the theory of learning
and awareness (Figure 96), students observed various facets of experience simultaneously in
a part-whole relationship, thus learning through reflection for an in-depth understanding of
the object of learning (Marton & Booth, 1997; Marton et al., 2004). Like the theory of
change (Carole Weiss), organizations involved in PBL could make informed decisions about
establishing teacher professional development and training by mapping backward starting at

the desired outcome (Fullan, 2006; “What is theory of change,” n.d.).
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The non-random convenience sampling from a single for-profit school may have
generalized form this study population to other populations more difficult. Many variables
outside of the researcher's control such as small class sizes, the level of the technological
expertise of the individual teachers and students, the degree of scientific knowledge and
ability, availability of technical infrastructure, student aptitude and attitude toward science
and school and students’ level of English language proficiency could have changed the
outcome of the study.

Eleven themes emerged from the data analysis and helped to answer the research
questions for this mixed-method study of a middle school science classroom culture. The
themes included (a) life and social skills; (b) collaboration and teamwork; (c) learning and
understanding; (d) leadership and responsibility; (¢) communication; (f) academic skills; and (g)
real-world experience; (h) benefits of collaboration and teamwork; (I) challenges of
collaboration and teamwork; (j) Project-based learning; and (k) use and role of technology in the
classroom.

Research question one asked, “How could technology-integrated PBL be implemented in
a middle school science classroom as an augmentation to the existing curriculum while adhering
to the curriculum standards and lesson pacing guidelines?” Question one was answered by the
data generated through the researcher developed lesson plans and rubrics, interactive science
journals, student artifacts, criterion-referenced tests, CTP4, observations, field notes, and
reflections demonstrated how technology-integrated PBL was implemented in a middle school
science classroom as an augmentation to the existing curriculum while adhering to the
curriculum standards and lesson pacing guidelines. The grade-level science standards

(California Department of Education, 1998; New Generation of Science Standards, 2013) and
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lesson pacing guidelines provided by the currently used science curriculum (Thornton, Buckley,
Miller, Padilla, & Wysession, 2013) were met through the selection of the study topics by the
researcher (Katz & Chard, 2000). The utilization of criterion-based tests provided by the
currently used science curriculum (Thornton et al., 2013) helped the researcher to assess the
student’s knowledge before and after the implementation of PBL. Utilization of concept maps
(Rye, Landenberger, & Warner, 2013) (Appendix M) helped to engage and focus learners by
allowing them to contribute their experiences and understanding of the topic to the concept map.
Benchmark lessons provided the students with background knowledge, scientific skills, and
context before the start of the project. PBL projects allowed the students to seek from experts in
the school community as they worked together towards finding the answer for a common driving
question with a real-world scientific connection.

The use of provided instructions and assessment guidelines, helped the students to take
responsibility for the team’s project, thus allowing the researcher to transition into the role of an
advisor or facilitator and guide (McCright, 2012). Additionally, students' experienced reduced
levels of anxiety and stress due to their awareness of the evaluation process (Jacques, Bissey, &
Martin, 2016).

By participating in a PBL project, students learned critical thinking, problem-solving,
science processing skill, presentation skills, and real-life skills when they designed their project
prototypes and maintained detailed documentation of their design process using their Interactive
Science Folders and Journals (Appendix U) (Blumenfeld, Fishman, Krajcik, et al., 1999;
Chesbro, 2006, Doppelt, 2009; Krajcik, 2003; Marton & Booth, 1997; Marx, & Solloway, 2000;
Moursund,2003). The comparison of the data for the CTP4 standardized science achievement

test during the 2018-2019 academic year with the data from ' 2016-2017 and 2017-2018 CTP4 in
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the same content area demonstrated that the implementation of PBL had led to an increase in the
students’ performance levels on the standardized tests. Study results revealed that through the
one-year PBL implementation, CTP4 science scores for seventh-grade students increased
significantly (67.79 points) during the life of the study (Pre-study Mean=615.5625, Post-study
Mean=683.359412). The eighth-grade student scores increased 2 points in the two testing cycles
before the study (2016-2017 Mean = 683.5, 2017-2018 Mean= 685.5). However, the eighth-
grade scores improved significantly (65.5 points) through the life of the study (Pre-study Mean=
685.5, Post-study Mean=751). Mean CTP4 scores for the entire group of eighth-grade students
at the experimental site (M=747.318) was marginally lower than the mean at the control site (M=
754.775). The fact that the mean value of the experimental site was lower than the control site
might suggest that PBL may not have played some role in the CTP4 score increases.

Since both sites used the same curriculum and participated in the Standardized Science Test (
CTP4) that measured academic achievement, the overall increase in the eight-grade CTP4
science scores at experimental site as compared to the scores of the same group in the previous
years may have been due to the emphasis on the development of science skills in the PBL
projects. Variables such as teacher willingness to implement technology-integrated PBL in the
classroom and administrative support for the implementation of technology-integrated PBL in
the classroom may have affected science growth more than other variables.

Through making observations and collecting data from the surveys, the researcher
(ethnographer) was able to examine and document the participants’ behavior and attitudes. The
ethnographic qualitative data recorded in the researcher diary along with the student artifacts
collected demonstrated that the implementation of technology-integrated PBL into the science

curriculum led to the student engagement in classroom activities (Baysura et al., 2016; Creswell,
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2013, Doppelt, 2009; Remmen & Froyland, 2014). The researcher (ethnographer) conducted
observations of the control classroom using the Classroom Observation Protocol (Appendix R).
The students at the control site did not experience any changes in their classroom instructional
routine while using the currently available curriculum, as well as technology. Depending on the
topic, the project would be introduced in the middle of the chapter or at the end of the chapter.
At the end of the project, students will turn in a product or presented their product to the class.
Despite the use of projects to enhance learning, the control classroom was very much a
traditional classroom.

Research question two asked, “How could the addition of technology-integrated PBL
to other effective teaching strategies used in a science classroom lead to changes in students’
attitude and aptitude resulting in an improved overall academic achievement for science?”
Question two was answered using data generated by the student surveys, field notes, student
interactive journals, criterion-references test data, and CTP4 testing data led to changes in
students’ attitude and aptitude, resulting in an improved overall academic achievement for
science. As an instructional strategy, technology-integrated PBL could allow students to
explore real-world challenges and develop a better understanding of the concepts taught in
the classroom. In the student survey (Appendix D), 30.9% of students responded that they
learned more when they could use personal digital devices at school in contrast to 18.74% of
teachers and administrators who believed the same thing.

Technology has surrounded tweens their entire lives. The appropriate use of a
technology-integrated curriculum (Katz & Chard, 2000), in conjunction with laboratory
experiments and observation, could benefit students' understanding of scientific concepts

(Science Teaching Reconsidered: A Handbook, 1997). Furthermore, the development of life and
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social skills may help students with their academic success. Addition of technological tools and
skills to PBL lesson plans could allow students to personalize their learning by transferring
knowledge learned from one area to another in a collaborative learning environment (Hmelo-
Silver, 2004; Laboy-Rush, 2009) leading to changes in students’ attitude, aptitude, and,
improvement of overall academic achievement for science.

Research question three asked, “What would be the impact of administrative support on
the teachers’ attitude toward the implementation of technology-integrated PBL to improve
students’ levels of academic achievement?” Question three was answered using the data
collected generated by the staff survey, teacher interview, formal administrative observations,
and evaluations demonstrated the impact of administrative support on the teachers’ attitude
toward the implementation of technology-integrated PBL to improve students’ levels of
academic achievement. An open line of communication with the school site administrators was
essential to ensure the continual support of the organizational gatekeepers and school site
administrators. The administration provided the researcher with adequate planning time,
physical classroom resources, time for teacher collaboration, classroom observations, lesson plan
evaluations, technological tools, and access to students’ standardized testing data (Moeller &
Reitzes, 2011; Poulos, 2016). The school site Director and the Assistant director observed the
researcher’s classroom formally (3 times) using Classroom Formal Observation Rubric
(Appendix L) and evaluated the researcher’s weekly lesson plans (Appendix K) to ensure that the
compliance of the PBL lesson plans with state and school site teaching standards.

Following the completion of the study, the researcher could present the research, its
application in the classroom environment, assessment methods, and the study results during an

all-staff in-service meeting. Following the presentation 12 teachers and three administrators to
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participated in a voluntary and anonymous online survey about their opinions on achievement,
attitudes toward science, collaborative workgroups, learning styles, use of technology in the
classroom and PBL in the class as a whole (Frank & Barzilai, 2004, Blair, Czaja, & Blair,
Harrigan, 2014, 2014, McCright, 2012).

100% of the administrators and s 83.33% of teachers who participated in the survey stated that
they would be interested in learning more about how they could implement technology-
integrated PBL in their classrooms using the existing curriculum. The use of technology-
integrated PBL as an instructional strategy did target achievement in the middle grades had been
previously examined (Blumenfeld et al., 1991; Discovery Education, 2017; Eady & Lockyer,
2013; Fox, 2016; Gollub, Bertenthal, Labov, & Curtis, 2002; Groff, 2013; Krajcik & Czerniak,
2014; Lattimer & Riordan, 2011; NYC Department of Education, 2009) However, research was
not evident in the implementation of technology integrated PBL using existing classroom
curriculum while adhering to science standards and lesson pacing guidelines thus, the need to
conduct this study.

This study examined the relationship between administrative support for teacher-led
educational innovation in a private school and students' achievement scores on standardized
achievement tests in an interrelated planning process to determine the feasibility of the
successful use of technology-integrated PBL in science while attempting to mitigate all the
challenges involved in the implementation of technology-integrated PBL. The results of this
study showed that despite the many benefits to the implementation of technology-integrated
PBL, there were also many challenges. If trusted by their teacher's tweens could become
more motivated to learn by choosing a topic of study within the confines of the PBL

curriculum (Andrews, 2014; Boud, D. & Feletti, 1997; Katz, 1994). Other challenges listed
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by teachers include worrying that they may not be able to follow the lesson pacing guidelines
(Stepanek, 1999), designing adequate assessments of projects conducted using technology-
integrated PBL (Curtis, 2002), lack of time, resources, lack of administrative support, and
managerial knowledge about PBL (Harrigan, 2014, Laboy-Rush, 2007, Thomas, 2000).

The results of this study also showed that many of the challenges cited could be
overcome depending on the level of teachers’ willingness to learn and implement PBL along
with administrative support for the application. The results of this research support the
findings of Falik, Eylon, and Rosenfeld (2008) that showed despite the high positive impact
technology-integrated PBL implementation could have for students, teachers require training
and support to overcome their misconceptions and reluctance for implementing technology-
integrated PBL in their classroom successfully. This study also confirmed that the students
participating in PBL treatments showed significant increases in their Science Standardized
Testing Scores on CTP4 during the testing cycle following the implementation of the
technology-integrated PBL (2018-2019) as compared to the previous two testing cycles
(2016-2017 and 2017-2018).

The methodology designed and used for this study could be useful for the future
development of teacher training models and strategies for dealing with issues such as
classroom management and assessment when implementing active learning strategies such as
PBL in science classrooms at the middle school level and beyond (Fallik et al., 2008).

The study’s delimitations, limitations, and assumptions offer opportunities for further
research. To enhance the generalization of the results, the researcher recommends the: 1)
replication of the study in other schools within the private school organization; 2) replication

of the research in different grade levels; 3) replication of the study in other academic



achievement subjects; 4) replication of the study in the other educational achievement

environments. The results of additional studies using a similar research design, treatment,

methods, and participants could be compared to this study’s results to determine replicability.

Slight variations of elements such as incorporating participants from urban schools or using
PBL in other content areas would redefine parameters of the findings, perhaps strengthening
generalizability to other populations and content areas. Longitudinal, demographics, and
growth data gathered for this project could also provide the bases for numerous studies.
Analysis of the study data supported the study's hypotheses. Despite the study’s
limitations, the overall findings support the use of PBL in science instruction since students
in PBL treatment groups experienced significantly more growth in Science Standardized
Testing Scores (CTP4) and process skills. Moreover, a significant increase for these students
suggested that sustained implementation is desirable. PBL is an effective instructional

method in science process skills for this population.
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Timeline

1. Complete all coursework: Summer 2017

2. Request IRB Approval: Summer/Fall 2018

1. Conduct a research study and collect data: Fall 2018/Spring 2019

2. Collect standardized testing results: Spring 2019

3. Analyze collected data: Spring/Summer 2019

4. Finalize Study: Summer 2019
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Appendix B: EXCERPTS FROM THE CLASSROOM PROCEDURES USED DURING

THE STUDY

Science classroom Conduct Policy:

1. Treat all others with kindness, respect, and consideration.
e Do not make fun of anyone in the class.
Do not use disrespectful verbal or body language.
Do not bother others.
Do not take things that do not belong to you without asking for
permission.
e Keep your hands and feet to yourself!
e Do not shout or talk out of turn!
2. Come to class on time, ready to participate, and learn.
e Make sure you have all the 1 materials needed for class with you.
e Do not lose your science packets!
Write down all assignments or assessments in your planner.
Bring your iPad charged to at least 70%!

3. Always do your best.
e Complete all your work!
e Do your very best and put in 100% effort when working in a group!
e Prepare for your assessments.

4. Follow all laboratory instructions the first time given.
e Follow all laboratory safety rules.
e Students who are violating laboratory safety rules will be excused from
the experiment without receiving credit for the performance of the lab.
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Appendix C: PARENT / STUDENT PARTICIPANT LETTER OF INFORMED
CONSENT

THE IMPACT OF USE OF PBL AND INTEGRATION OF TECHNOLOGY ON
SCIENCE ACHIEVEMENT OF MIDDLE SCHOOL STUDENTS
The study in which you are being asked to participate is designed to investigate the impact of the
use of PBL and the integration of technology on the science achievement of middle school
students. Afsaneh Miller is conducting this study under the supervision of Belinda Dunnick
Karge, Ph.D., Concordia University School of Education. The Institutional Review Board has
approved this study, Concordia University Irvine, in Irvine, CA.

PURPOSE: The purpose of implementing technology-integrated PBL in a middle school science
classroom is to learn if the use of this method of teaching would enhance the existing science
curriculum while adhering to the curriculum standards and lesson pacing guidelines.
Furthermore, the purpose of this project is to see if the addition of technology-integrated PBL to
other effective teaching strategies used in a science classroom would lead to changes in students’
attitude and aptitude resulting in an improved overall academic achievement for science. An
additional purpose of this study is to learn if access to an easy to use, lesson-planning platform
along with administrative support could serve to change the attitude of teachers with basic
knowledge of technology toward implementation of technology-integrated PBL in their
classrooms to improve students’ levels of academic achievement.

DESCRIPTION: Project-based instruction will begin with the selection of a topic of study for
the project that takes into consideration students' prior knowledge and curriculum standards. The
text selected will then serve to organize and drive classroom activities resulting in a series of
artifacts, or products, which culminate in a final product that addresses the driving question. In
the last phase, the researcher (Mrs. Afsaneh Miller) will work with the students to review and
evaluate their final product before the concluding event, where students share their results with
the school community.

PARTICIPATION: Participation in this study is voluntary, refusal to participate will involve no
penalty or loss of benefits to which the participants are otherwise entitled and the participants
may discontinue participation at any time without penalty or loss of benefits, to which they are
otherwise entitled.

CONFIDENTIALITY OR ANONYMITY: Participants’ confidentiality will be maintained
using aliases, composite profiles so that individuals cannot be identified. Additionally, only
group data from this study will be reported. Participant records identifying the participants will
be maintained by storing the records in a locked filing cabinet. Electronic records will be
maintained in the researcher's password-protected computer. All electronic, as well as hard
copies of the data collected for this study, will be destroyed by December 20, 2021.

DURATION: The Academic year 2018-2019
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RISKS: Participation in this study is voluntary. Participation in this study will not place the
participants at undue risk. Although all students will receive regular science instruction using
PBL, the researcher would only collect and use data from students who consented to be
participants in the study. Students’ identities will be protected using anonymous surveys,
pseudonyms, and group data reporting. All the data (electronic and hard copy) collected for the
study will be at the end of the study by December 20, 2021.

BENEFITS: The researcher (Mrs. Afsaneh Miller) is interested in studying the impact of the use
of PBL and the integration of technology on science achievement of middle school students in a
science classroom. PBL promotes student learning by helping students to construct knowledge
through a variety of learning experiences. Use of PBL in science helps young learners to ask
questions, hypothesize, design experiments, gather and analyze data, produce artifacts, and
communicate ideas through a process of investigation and collaboration. As they learn
fundamental science concepts and principles, students become better prepared to deal with the
scientific, technological, and social issues that face them in the future.
VIDEO/AUDIO/PHOTOGRAPH:

I understand this research will be photographed Initials .

CONTACT: This study has been reviewed and approved by the Instructional Review Board at
Concordia University, Irvine. Also, it has the support of XXX School, XXX Campus Director
Mrs. Kellie Cameron. If you have any questions about the study, or if you would like additional
information to assist you in reaching a decision, please feel free to contact me at
amiller@XXXschools.com. You may also direct questions about research participants’ rights
and research-related concerns and issues to Belinda Dunnick Karge, Ph.D., Professor of Doctoral
Programs Concordia University School of Education. Dr. Karge may be reached via email at
Belinda.karge@cui.edu or 949-214-3333.

RESULTS: Following the completion of the research, the researcher will report multiple
perspectives as well as contrary findings. The privacy of the participants will be protected
through the use of aliases, composite profiles, and group data reporting so that individuals cannot
be identified. Data collected will be reported honestly following APA (2010) guidelines for
obtaining permission to reprint and adapt the work of others. Copies of the final data report will
be provided to participants at XXX Private Schools, XXX Campus.

CONFIRMATION STATEMENT:
I have read the information above and agree to participate in your study.
SIGNATURE:

Signature: Date:

Printed Name:
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Appendix C1: TEACHERS AND ADMINISTRATORS INFORMED CONSENT

THE IMPACT OF USE OF PBL AND INTEGRATION OF TECHNOLOGY ON
SCIENCE ACHIEVEMENT OF MIDDLE SCHOOL STUDENTS
The study in which you are being asked to participate is designed to investigate the impact of
administrative support on the teacher’s use of PBL and the integration of technology on science
achievement of middle school students. Afsaneh Miller is conducting this study under the
supervision of Belinda Dunnick Karge, Ph.D., Concordia University School of Education. The
Institutional Review Board has approved this study, Concordia University Irvine, in Irvine, CA.

PURPOSE: The purpose of implementing technology-integrated PBL in a middle school
science classroom was to learn if the use of this method of teaching would enhance the existing
science curriculum while adhering to the curriculum standards and lesson pacing guidelines.
Furthermore, the purpose of this project was to see if the addition of technology-integrated PBL
to other effective teaching strategies used in a science classroom would lead to changes in
students’ attitude and aptitude resulting in an improved overall academic achievement for
science. An additional purpose of this study was to learn if access to an easy to use, lesson-
planning platform along with administrative support could serve to change the attitude of
teachers with basic knowledge of technology toward implementation of technology-integrated
PBL in their classrooms to improve students’ levels of academic achievement.

DESCRIPTION: Project-based instruction will begin with the selection of a topic of study for
the project that takes into consideration students' prior knowledge and curriculum standards. The
text selected will then serve to organize and drive classroom activities resulting in a series of
artifacts, or products, which culminate in a final product that addresses the driving question. In
the last phase, the researcher (Mrs. Afsaneh Miller) will work with the students to review and
evaluate their final product before the concluding event, where students share their results with
the school community. The researcher will survey the teachers and the administrators in her
organization after her study.

PARTICIPATION: Participation in this study is voluntary, refusal to participate will involve no
penalty or loss of benefits to which the participants are otherwise entitled and the participants
may discontinue participation at any time without penalty or loss of benefits, to which they are
otherwise entitled.

CONFIDENTIALITY OR ANONYMITY: Participants’ confidentiality will be maintained
using aliases, composite profiles so that individuals cannot be identified. Additionally, only
group data from this study will be reported. Participant records identifying the participants will
be maintained by storing the records in a locked filing cabinet. Electronic records will be
maintained in the researcher's password-protected computer. All electronic, as well as hard
copies of the data collected for this study, will be destroyed by December 20, 2021.

DURATION: 1 week
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RISKS: Participation in this study is voluntary and will not place the participants at undue risk.
The researcher (Mrs. Afsaneh Miller) will only collect and use data from participants who
consented to be part of the study. Participant identities will be protected using anonymous
surveys, pseudonyms, and group data reporting. All the data (electronic and hard copy) collected
for the study will be at the end of the study by December 20, 2021.

BENEFITS: The researcher is interested in studying the impact of administrative support on the
use of PBL and the integration of technology on science achievement of middle school students
in a science classroom. PBL promotes student learning by helping students to construct
knowledge through a variety of learning experiences. Use of PBL in science helps young
learners to ask questions, hypothesize, design experiments, gather and analyze data, produce
artifacts, and communicate ideas through a process of investigation and collaboration. As they
learn fundamental science concepts and principles, students become better prepared to deal with
the scientific, technological, and social issues that face them in the future. The information
gathered in this study will be useful to other educators and administrators interested in
implementing PBL and instruction in their schools and classrooms.

VIDEO/AUDIO/PHOTOGRAPH: I understand this research will be photographed Initials .

CONTACT: This study has been reviewed and approved by the Instructional Review Board at
Concordia University, Irvine. Also, it has the support of XXX School, XXX Campus Director
Mrs. Kellie Cameron. If you have any questions about the study or if you would like additional
information to assist you in reaching a decision, please feel free to contact me at
amiller@XXXschools.com. You may also direct questions about research participants’ rights
and research-related concerns and issues to Belinda Dunnick Karge, Ph.D., Professor of Doctoral
Programs Concordia University School of Education. Dr. Karge may be reached via email at
Belinda.karge@cui.edu or 949-214-3333.

RESULTS: Following the completion of the research, the researcher will report multiple
perspectives as well as contrary findings. The privacy of the participants will be protected
through the use of aliases, composite profiles, and group data reporting so that individuals cannot
be identified. Data collected will be reported honestly following APA (2010) guidelines for
obtaining permission to reprint and adapt the work of others. Copies of the final data report will
provide to participants at XXX Private Schools, XXX Campus.

CONFIRMATION STATEMENT:
I have read the information above and agree to participate in your study.
SIGNATURE:

Signature: Date:

Printed Name:
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Appendix C2: PHOTOGRAPHY/VIDEO/AUDIO USE - INFORMED CONSENT

As part of this research project, I will be making photograph recording as well as videotape
recordings of you during participation in the study. Please indicate what uses of this photograph
or videotape recording you are willing to consent to by initialing below.

You are free to initial any number of spaces from zero to all the spaces, and your recordings will
in no way affect your credit for participation. I will only use the photograph or videotape
recordings in a way that you agree to. In any use of this photograph or videotape, names or faces
would not be identified. If you do not initial any of the spaces below, the
photographs/videotapes/audiotapes will be destroyed.

Please indicate the type of informed consent.

The photograph/videotape can be shown/played to subjects in other Please initial
experiments.
The photograph/videotape can be used for scientific publications. Please initial

The photograph/videotape can be shown/played at a meeting of scientists. Please initial

I have read the above description and give my consent for the use of the
photograph/videotape/audiotape as indicated above.

Signature: Date:

Printed Name:
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Appendix C3: PARENTAL INFORMED CONSENT
Date XXX

Dear Parent(s),

As part of completing my Doctor of Education degree at Concordia University located
in Irvine, California, I would like to conduct a study during the 2018-2019 academic year to
investigate the impact of the use of PBL and the integration of technology on science
achievement of middle school students.

I am writing to ask permission to use the data [ may collect from your child during this
process. Participation in this study involves the selection of a topic of study for the project
that takes into consideration students' prior knowledge and curriculum standards. The text
selected will then serve to organize and drive classroom activities resulting in a series of
artifacts, or products, which culminate in a final product that addresses the driving question
the lesson attempted to answer. In the last phase, I will work with the students to review and
evaluate their final product before the concluding event, where students share their results with
the school community. Mrs. Kellie Cameron has approved this study for implementation at
XXX Private Schools, XXX Campus.

This study could contribute valuable insight and theory to the successful use of
technology-integrated project-based learning, considering the level of importance placed on
students’ attitude and aptitude for learning at the middle school level. The outcome of this
study may be useful for the development of improved training models, environments, and
implementation strategies that promote the efficient use of technology-integrated PBL in
middle school science classrooms.

The benefits to your child for participating in this study include the promotion of
student learning by helping students to construct knowledge through a variety of learning
experiences. The use of project-based learning in science helps young learners to ask
questions, hypothesize, design experiments, gather and analyze data, produce artifacts, and
communicate ideas through a process of investigation and collaboration. As they learn
fundamental science concepts and principles, students become better prepared to deal with the
scientific, technological, and social issues that face them in the future.

Only Dr. Belinda Dunnik Karge, my University Supervisor, and I will have access to
your child’s identity and to information that can be associated with your child’s identity. All
data and documentation associated with this study will be destroyed by December 31, 2021.

Participation in this study is voluntary, refusal to participate will involve no penalty or
loss of benefits to which the student participants are otherwise entitled and the participants
may discontinue participation at any time without penalty or loss of benefits, to which they are
otherwise entitled. The use of data from your child is voluntary. You may contact me at any
time regarding your child’s participation. My phone number is XXX-XXX-XXXX, and my e-
mail is amiller@XXXschools.com.

Sincerely,
Mrs. Afsaneh Miller
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Please check the appropriate box below and sign the form:

L1 I permit my child’s data to be used in this study. I understand that [ will receive a
signed copy of this consent form. I have read this form and understand it.

0 I do not permit my child’s data to be included in this project.

Students’ Name:

Signature of Parents/Guardian:

Printed Name of Parents/Guardian

Date
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Appendix C4: CHILD ASSENT FORM

Dear

As part of completing my Doctor of Education degree at Concordia University located
in Irvine, California, I would like to conduct a study during the 2018-2019 academic year to
investigate the impact of the use of PBL and the integration of technology on science
achievement of middle school students.

I am asking you to help because I believe that project-based learning will help you to
construct knowledge through a variety of learning experiences. The use of project-based
learning in science will help you to ask questions, hypothesize, design experiments, gather and
analyze data, produce artifacts, and communicate ideas through a process of investigation and
collaboration. As you learn fundamental science concepts and principles, you will become
better prepared to deal with the scientific, technological, and social issues that face them in the
future.

If you agree to be in my study, I am going to ask you to participate in a survey about
project-based learning. Additionally, you will participate in project-based learning as part of
our day-to-day classroom activities. Your workload will not be increased by participating in
this study. You will not be asked to do or complete additional academic tasks beyond what is
currently expected for the science classroom. You can ask questions about this study at any
time. If you decide at any time you do not want to finish the study, you can stop by letting me
know that you no longer wish to be part of the study.

If you sign this paper, it means that you have read this and that you wish to be in the

study. If you do not want to be in the study, do not sign this paper. Being in the study is up to
you, and no one will be upset if you do not sign this paper or if you change your mind later.

Signature of person obtaining assent: Date:

Printed Name of the person obtaining assent: Afsaneh Miller

Your Signature: Date:

Your Printed Name:
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Appendix D: STUDENT PARTICIPANT TECHNOLOGY-INTEGRATED PROJECT-

BASED LEARNING SURVEY

My name is Mrs. Afsaneh Miller. I am the middle school science instructor as well as
a Doctoral Candidate at Concordia University. [ want to ask you to complete the following
survey. I am researching your level of understanding of technology-integrated project-based
learning (PBL) and attitudes toward science education.

Although I would like to ask you to complete the following survey, participation in this
survey is voluntary. If you decide to complete the survey, but change your mind, you may
stop at any time. Your responses, answers, and comments will be kept anonymous and
confidential. I will be using the results of this survey in writing my doctoral dissertation
without including any information that will make it possible to identify you. The information
gathered in this study will be useful to other educators and administrators interested in
implementing technology-integrated PBL and instruction in their schools and classrooms.
Thank you for agreeing to help me!

1. What is your grade level?
a. O Sixth
b. O Seventh
c. O Eight
2. What is your gender?
a. O Male
b. O Female
3. Are you in the same school now as you were last year?
a.0 Yes
b. O No
4. How many years have you attended this school?

5. What are your favorite academic subjects at school? Mark all that apply.
a. O Language arts
b. O Math
c. O Science
d. O History
e. O Spanish
f. O Art
g. O Literature

In the following section, please circle the number that best characterizes the extent to which you agree
or disagree with the statement.

1 = Strongly Disagree, 2 = Disagree, 3 = Neither Agree nor Disagree, 4 = Agree, and 5 = Strongly
Agree.

How Students Learn

Strongly Neither Strongly
Disagree Agree nor Agree
Disagree
6.1 learn bestin a traditional 1 2 3 4 5

classroom with a teacher
directing the learning.



7.1 learn best when allowed to 1
use a variety of materials in

addition to the textbook to

research and learn the

information I need to know

about the subject.

8. I learn best by talking and 1
thinking about topics during

whole-class discussions.

9.1 learn best when I can gather 1
the information myself working

in collaborative groups instead

of a teacher just giving the

information.

Use of technology in the classroom

Strongly
Disagree
10. I am comfortable using an 1
iPad, a laptop computer, and an
iPhone.
11. I like using personal digital 1
devices in the classroom.
12. I learn more when I use 1
personal digital devices in the
classroom.
13. T am distracted when 1
allowed to use personal digital
devices in the classroom.
Working in Collaborative groups
Strongly
Disagree
14. 1 like working in groups. 1
15. 1 like having jobs & 1

responsibilities as part of

working with a small group.

16. Completing a group project 1
requires that all the group

members participate in the

process.

17. 1 like working towards 1
creating a final product in class

to show I have mastered the

concepts studied.

18. 1 like it when the projects 1
involve the investigation of real-

world topics as they relate to the
community and the concepts

taught.

19. I like going beyond the 1
classroom to gain real-life

experience and do hands-on

activities.

[\

Neither
Agree nor
Disagree
3

Neither
Agree nor
Disagree
3
3

N

Strongly
Agree

5

Strongly
Agree

5
5
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20. I like writing and reflecting
about what I learn in class.

21. I like receiving short lessons
from my teacher based on my
needs.

22. 1 like being evaluated based
on my ongoing collection of
completed work rather than
relying only on tests.

23. 1 like it when my teacher
models’ different roles and acts
as more than just a teacher.

24. In your opinion, what are three benefits of working in groups?

a)

b)

¢)

25. In your opinion, what are three challenges you may have faced when working in groups.

a)

b)

c)

Attitude and Aptitude

26. 1 like to set personal goals.

27. 1 have the potential to
achieve my personal goals.

28. I like being able to have a
choice and voice over how 1
learn.

29. I like to take responsibility
for my success.

30. I am curious about the world
around me and like to learn new
things.

31. I believe that academic
success is important.

32. My parents expect me to be
successful at school.

33. I like to win in a competitive
environment.

34. 1 like to be academically
challenged.

35. I believe that my ability and
confidence grow with my effort.

Strongly
Disagree

Neither
Agree nor
Disagree

Strongly
Agree
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36. I believe that my teachers
show enthusiasm about the
subjects they teach.

37. 1 believe that my school is a
place where I accepted and
valued as part of a community
of learners.

38. I like working
collaboratively in a supportive
environment with authentic
problems.

Students’ attitudes toward Science Education

39. 1 like to learn by doing an
activity or an experiment rather
than by reading about the topic.

40. I believe that my science
lessons are relevant to my
everyday life.

41. The science curriculum at
my grade level has an
appropriate level of difficulty.

42. 1 believe that science lessons
are fun.

43. 1 am considering a career in
a scientific field after I complete
my education.

Project-based Learning

44. PBL is when students work
on a project assigned by the
teacher to help them learn.

45. PBL is when students
choose a project to work on to
show that they have learned the
lesson.

Strongly
Disagree

Strongly
Disagree

3 4
3 4
3 4
Neither
Agree nor
Disagree
3 4
3 4
3 4
3 4
3 4
Neither
Agree nor
Disagree
3 4
3 4

Strongly
Agree

Strongly
Agree
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46. PBL is when students can 1 2 3 4 5
do a project in place of a test.

47. PBL is when students learn 1 2 3 4 5
by investigating an interesting

problem presented by the

teacher.

48. PBL is when students learn 1 2 3 4 5
by investigating a problem with
real-life applications.

49. What kind of skills do you think your teacher would like you to learn by working on a
project?

50. Do you think that working on projects is an effective way of learning science? Why or
why not?

51. How do you compare doing projects in a science classroom with a more traditional
classroom? Which type of teaching do you prefer, and why?

Thank You So Much for Your Participation!
Mrs. Afsaneh Miller
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Appendix E: TEACHER PROJECT-BASED LEARNING SURVEY

Dear Colleagues

My name is Afsaneh Miller. I am the middle school science instructor at the XXX campus, as
well as a doctoral candidate at Concordia University located in Irvine, California. I am
researching teacher’s and administrator’s level of understanding technology-integrated project-
based learning (PBL) and its impact on students’ motivation and content retention.

Although I would like to ask you to complete the following survey, participation in this survey
is voluntary. If you decide to complete the survey, but change your mind, you may stop at any
time. Your responses, answers, and comments will be kept anonymous and confidential. I
will be using the results of this survey in writing my doctoral dissertation without including
any information that may make it possible to identify you. The information gathered in this
study will be useful to other educators and administrators interested in implementing PBL and
instruction in their schools and classrooms.

I hope that you will consider helping me by completing this survey.

Thank you!

1. What is your gender?
a. O Male
b. O Female
2. Are you in the same school now as you were last year?
a.0 Yes
b. O No
3. At which campus are you currently teaching? (Optional)
a. O Prep
b. O HAC
a. 0 AH
b. ONT
4. How many years have you been in your current position?
How many years have you been an educator?
What is the highest degree you have received?”

o

S

What grade level do you currently teach? Select all that apply.

Pre-K 4 10
JK 5 11
K 6 12
1 7
2 8
3 9

7. What academic subjects do you currently teach? Mark all that apply.
a. O Language arts
b. O Math
c. O Science



d. O History
e. O Spanish
f. O Art

g. O Literature

h. O Physical Education

I. O Other

In the following section, please circle the number that best characterizes the extent to which
you agree or disagree with the statement.
1 = Strongly Disagree, 2 = Disagree, 3 = Neither Agree nor Disagree, 4 = Agree, and 5 =

Strongly Agree.

Perceptions and Attitudes Toward Collaborative Work
Strongly
Disagree

8. I like to use complex tasks
with multiple solutions.

9. I like to teach in a class in
which students execute
experiments or complete
projects.

10. I like to assign group
work that encourages
discussion.

11. I like to use activities that
encourage students to reflect
on their learning.

12. 1 like to use a variety of
teaching materials in addition
to the textbook.

13. I like to have my students
go beyond the classroom to
gain real-life, hands-on
experience.

14. 1 believe that students
gain insight by doing
experiments and hands-on
activities.

15. I believe that working in
groups helps students to
develop their social skills.
16. It is challenging to assess
group projects and determine
if everyone has contributed
and participated in the
project completion.

17. In your opinion, what are three benefits of your students working in groups?

a)

1

1

Neither
Agree nor
Disagree

3

3

b)

c)

Strongly
Agree

5

5
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18. In your opinion, what are three challenges you may have faced when your students were

working in groups.

a)

b)

¢)

Understanding How Students Learn

Strongly
Disagree

19. Students learn best in a 1
traditional classroom with a

teacher directing the

learning.

20. Students learn best when 1
allowed to use a variety of

materials in addition to the

textbook to research and

learn the information I need

to know about the subject.

21. Students learn best by 1
talking and thinking about

topics during whole-class
discussions.

22. Students learn best when 1
they gather the information
themselves working in

collaborative groups instead

of a teacher just giving the
information.

Use of technology in the classroom

Strongly
Disagree
23. 1 am comfortable using 1
an iPad, a laptop computer,
and an iPhone.
24. 1 like using personal 1
digital devices in the
classroom.
25. I believe that students 1

learn more when they use

personal digital devices in

the classroom.

26. 1 believe that students’ 1
understanding increases

when allowed to link

Neither

Agree nor

Disagree
3

Neither

Agree nor

Disagree
3

Strongly
Agree

Strongly
Agree

5

335
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technological, mathematical
& scientific concepts.

Use of PBL in the classroom
27. Project-based learning is.... (Check all that apply)
a. O when students work on a project assigned by the teacher to help them
learn.
b. O when students choose a project to work on to show that they have
learned the lesson.
¢. O when students can do a project in place of a test.
d. O when students learn by investigating an exciting problem presented by
the teacher.
e. O when students learn by investigating a problem with real-life

applications.
Strongly Neither Strongly
Disagree Agree nor Agree
Disagree
27. 1 am familiar with the 1 2 3 4 5
project-based learning
pedagogy.
28. I have implemented 1 2 3 4 5
projects in my classroom.
29. I am skilled at searching 1 2 3 4 5
for projects to use in my
classroom.
30. I am confident in my 1 2 3 4 5

ability to design effective

and engaging projects.

31. I like it when my students 1 2 3 4 5
produce a final product that

demonstrates an

understanding of the

concepts taught.

32. I think that technology- 1 2 3 4 5
integrated PBL contributes to

student learning.

33. I am motivated to 1 2 3 4 5
implement technology-

integrated PBL in my

classroom.

34. I would be interested in learning more about how I could implement technology-
integrated PBL in my classroom using the existing curriculum.

a.0 Yes

b. O No

Role of Administrative Support for Teachers
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Strongly Neither Strongly
Disagree Agree nor Agree
Disagree
35. Administrative support is 1 2 3 4 5

imperative to the

implementation of innovative

teaching strategies such as

technology-integrated PBL

in my classroom.

36. The administrators at my 1 2 3 4 5
school site have always

supported my decisions and

role as an educator.

37. The administrators at my 1 2 3 4 5
school site make me feel like

I am making a difference.

38. The administrators at my 1 2 3 4 5
school site are interested in

my professional development

and give me opportunities to

grow.

39. I receive constructive 1 2 3 4 5
feedback about my work

from my school site

administrators.

40. I can easily access my 1 2 3 4 5
administrators to discuss

problems and concerns.

41. My school site 1 2 3 4 5
administrators ensure that I

have adequate planning time.

42. My school site 1 2 3 4 5
administrators encourage the

use of innovative teaching

strategies to engage students

better.

43. My administrators make 1 2 3 4 5
sure that I have space, time,

and equipment [ need to plan

and teach.

44. How do you compare technology-integrated project-based learning with traditional
teaching methodology?

45. In your opinion, what are the benefits and challenges of using technology-integrated
project-based learning in your classroom?

46. What concerns or constraints may keep you from implementing technology-integrated
project-based learning in your classroom?

Thank You So Much for Your Participation!
Mrs. Afsaneh Miller
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Appendix F: ADMINISTRATOR PROJECT-BASED LEARNING SURVEY

Dear Colleagues

My name is Afsaneh Miller. I am the middle school science instructor at the XXX campus, as
well as a doctoral candidate at Concordia University located in Irvine, California. I am
researching teacher’s and administrator’s level of understanding technology-integrated project-
based learning (PBL) and its impact on students’ motivation and content retention.

Although I would like to ask you to complete the following survey, participation in this survey
is voluntary. If you decide to complete the survey, but change your mind, you may stop at any
time. Your responses, answers, and comments will be kept anonymous and confidential. I
will be using the results of this survey in writing my doctoral dissertation without including
any information that may make it possible to identify you. The information gathered in this
study will be useful to other educators and administrators interested in implementing PBL and
instruction in their schools and classrooms.

I hope that you will consider helping me by completing this survey.

Thank you!

1. What is your gender?
a. O Male
b. O Female

2. Are you in the same school now as you were last year?
a.0 Yes
b. O No

3. How many years have you been in your current position?

4. How many years have you been an educator?

5. What is the highest degree you have received?”

In the following section, please circle the number that best characterizes the extent to which
you agree or disagree with the statement.

1 = Strongly Disagree, 2 = Disagree, 3 = Neither Agree nor Disagree, 4 = Agree, and 5 =
Strongly Agree.

Perceptions and Attitudes Toward Collaborative Work

Strongly Neither Strongly
Disagree Agree nor Agree
Disagree
8. I like to see teachers use 1 2 3 4 5
complex tasks with multiple
solutions.
9. I like classes in which 1 2 3 4 5

students execute experiments
or complete projects.



10. I like group work that 1
encourages discussion.
11. I like activities that 1

encourage students to reflect

on their learning.

12. 1 like to see teachers use 1
a variety of teaching

materials in addition to the

textbook.

13. I like to have students go 1
beyond the classroom to gain
real-life, hands-on

experience.

14. 1 believe that students 1
gain insight by doing

experiments and hands-on

activities.

15. I believe that working in 1
groups helps students to

develop their social skills.

16. It is challenging to assess 1
group projects and determine

if everyone has contributed

and participated in the

project completion.

17. In your opinion, what are three benefits of your students working in groups?

a)

b)

¢)

18. In your opinion, what are three challenges you may have faced when your students were

working in groups.

a)

b)

¢)

Understanding of How Students Learn
Strongly Neither Strongly
Disagree Agree nor Agree

Disagree

19. Students learn best in a 1 3 5

traditional classroom with a

teacher directing the

learning.

20. Students learn best when 1 3 5

allowed to use a variety of
materials in addition to the
textbook to research and
learn the information I need
to know about the subject.
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21. Students learn best by 1 2 3 4 5
talking and thinking about

topics during whole-class

discussions.

22. Students learn best when 1 2 3 4 5
they gather the information

themselves working in

collaborative groups instead

of a teacher just giving the

information.

Use of technology in the classroom

Strongly Neither Strongly
Disagree Agree nor Agree
Disagree
23. 1 am comfortable using 1 2 3 4 5

an iPad, a laptop computer,

and an iPhone.

24. 1 like to see teachers and 1 2 3 4 5
students using personal

digital devices in the

classroom.

25. I believe that students 1 2 3 4 5
learn more when they use

personal digital devices in

the classroom.

26. I believe that students’ 1 2 3 4 5
understanding increases

when allowed to link

technological, mathematical

& scientific concepts.

Use of PBL in the classroom

27. Project-based learning is.... (Check all that apply)

a. O when students work on a project assigned by the teacher to help them
learn.

b. O when students choose a project to work on to show that they have
learned the lesson.

c¢. O when students can do a project in place of a test.

d. O when students learn by investigating an exciting problem presented by
the teacher.

e. O when students learn by investigating a problem with real-life

applications.
Strongly Neither Strongly
Disagree Agree nor Agree
Disagree
28. I am familiar with the 1 2 3 4 5

project-based learning
pedagogy.
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29. I have previously
personally implemented
projects in a classroom.

30. I am personally skilled at
searching for projects to use
in the classroom.

31. I am confident in my
ability to help teachers
design effective and
engaging projects.

32. I like a student-generated
final product that
demonstrates an
understanding of the
concepts taught.

33. I think that technology-
integrated PBL contributes to
student learning.

34. I would like to see
teachers implement
technology-integrated PBL
in the classroom.

35. I would be interested in learning more about how technology-integrated PBL could be
implemented in the classroom using the existing curriculum.

a. O Yes
b. O No

Role of Administrative Support for Teachers

36. Administrative support is
imperative to the
implementation of innovative
teaching strategies such as
technology-integrated PBL
in the classroom.

37. 1 have always supported
the teachers’ decisions and
role as an educator.

38. I believe that educators at
my school site make a
difference.

39. I strive to provide
teachers with opportunities
for growth and professional
development.

40. I routinely provide
constructive feedback to my
staff.

Strongly
Disagree

1

Neither
Agree nor
Disagree

3

Strongly
Agree

5

342
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41. Teachers and staff can 1 2 3 4 5
easily reach me as needed.

42. T actively engage with 1 2 3 4 5
my staff to ensure that they

have adequate planning time.

43. I encourage the use of 1 2 3 4 5
innovative teaching

strategies to engage students

better.

44. 1 strive to ensure that my 1 2 3 4 5
staff has the needed space,

time, and equipment to plan

and teach.

45. How do you compare technology-integrated project-based learning with traditional
teaching methodology?

46. In your opinion, what are the benefits and challenges of using technology-integrated
project-based learning in your classroom?

47. What concerns or constraints may keep you from implementing technology-integrated
project-based learning in your classroom?

Thank You So Much for Your Participation!
Mrs. Afsaneh Miller
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Appendix G: Student Email with Survey Link

From: Afsaneh Miller
To:

Subject: Survey of Students in Grades six, seven and eight
I am writing to request your participation in a brief survey. I would like to get more feedback
about your experiences with science and technology-integrated project-based learning. Your
responses to this survey will help me evaluate the effectiveness of technology-integrated
project-based learning in a science classroom so that I can design better projects and improve
science teaching at the middle school level. The survey will take about 30 minutes to
complete. Please click the link below to go to the survey website (or copy and paste the link
into your Internet browser) and then begin the survey.
Survey link: https://docs.google.com/forms/u/0/?tgit=c/XXXXXX

Your participation in the survey is voluntary and anonymous. All responses will be
kept confidential. No personally identifiable information can be associated with your
responses in any reports of these data. Your Google login credentials will not be recorded in
association with this survey. The Concordia University, Irvine, Institutional Review Board has
approved this survey. Should you have any comments or questions, please feel free to contact
me at amiller@XXXXschools.com.
Thank you very much for your time and cooperation.
Sincerely,
Afsaneh Miller, JH Science Instructor

XXXXX Schools
XXXXX Campus
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Appendix H: TEACHER/ADMINSTRATOR EMAIL WITH SURVEY LINK

From: Afsaneh Miller
To:

Subject: Survey of Teacher & Administrators

I am writing to request your participation in a brief survey. I would like to get more feedback
about your experiences with science and technology-integrated project-based learning. Your
responses to this survey will help me evaluate the effectiveness of technology-integrated
project-based learning in a science classroom so that I can design better projects and improve
science teaching at the middle school level. The survey is very brief and will only take about
30 minutes to complete. Please click the link below to go to the survey website (or copy and
paste the link into your Internet browser) and then begin the survey.

Teacher Survey link: https://docs.google.com/forms/u/0/?tgif=c/XXXXXX

Administrator Survey link: https://docs.google.com/forms/u/0/?tgif=c/XXXXXX

Your participation in the survey is voluntary and anonymous. All responses will be kept
confidential. No personally identifiable information can be associated with your responses in
any reports of these data. Your Google login credentials will not be recorded in association
with this survey. The Concordia University, Irvine, Institutional Review Board has approved
this survey. Should you have any comments or questions, please feel free to contact me at
amiller@XXXXschools.com.

Thank you very much for your time and cooperation.

Sincerely,

Afsaneh Miller, JH Science Instructor

XXXXX Schools
XXXXX Campus



Appendix I: PBL Lesson Plans
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Name of the Project Time Needed to Complete
Project:
Course: Science | Teacher’s Name: Afsaneh Miller Grade Level:

Cross-Curricular content areas/Academic Skills

Content Standards:

Project Learning Objectives & Outcomes:

Connection to Existing Classroom Curriculum:

Pre-requisite Skills Required to complete projects (including critical thinking, collaboration, creation,

communication)

Required technological equipment and skills:

Required Materials:

Issue/idea/Question to be investigated (connection to real-life):

Project Overview:

e Name of the project

e  What will the students be doing?
e  What will the students use/need to create and complete the project?

e  Will cross-curricular educational activities, be included in this project?
e What is the outcome of the project?

Driving Question (s)

The Lesson Planner

Activity Teacher Notes Estimated Time Deliverables
Needed
-Project Topic Discussion. -Introduce Topic One to Two Project Outline
-Lesson Rubric Discussion -Establish prior knowledge Periods
-Project Outline -Help students build personal
connections with the topic
-Preliminary Background -Provide directions as needed One to Two Research Notes in
Research -Provide assistance and instruction Periods students Interactive
with needed academic and Science Folders
technological skills (Journals)
-Provide students with needed
opportunities to conduct
experiments, interviews, field trips,
and other activities that allow them
to research their topic.
-Project/Product Assembly Provide Assessment guidelines and Three to Four | Preliminary & Final
-Submit a project for rubrics Periods Project

preliminary review &
feedback

-Make needed changes
based on preliminary
feedback

-Present final
project/product to the class
& guests

Self-assessment

Group Assessment

Provide Feedback and assessment

Project Presentation
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Appendix J: PBL Essential Elements Checklist

PBL Essential Elements Check List Student Projects Contained the Following Essential
Elements
1 2 3 4 5 NA
Least Most
evident evident

Significant Scientific Content: The project
focused on demonstrating students’ knowledge
and understanding based on California science
content standards.

21% Century Skills: The project demonstrated
students’ understanding of twenty-first-century
skills such as critical thinking, problem-solving,
collaboration, self-management, effective
communication, use of technology, grade/age-
appropriate literacy skills, and initiative.

In-depth Scientific Inquiry: The project focused
on demonstrating students’ active, in-depth
involvement where students’ generated standards-
based questions within a real-world context
connected to the students’ interests, researched,
experimented, and developed their answers.

Use of Driving Questions: The project focused
on a significant open-ended, engaging driving
question/problem at the appropriate level of
challenge for students.

Student Engagement & Ownership: The
project focused on a significant open-ended,
engaging driving question/problem at the
appropriate level of challenge for students. The
project used real-world processes and connected
to students’ interests. The project allowed
students to make choices regarding the products
they created, how they completed their work,
guided by the teacher.

Reflection and Revision: The project focused on
allowing students to reflect on their learning, the
project’s design, and the presentation. Students
were able to both give and receive feedback on
their work, revise their products, and conduct
further research and experimentation.

Public Involvement: The project required

students to showcase what they learned by

creating a product that was presented to the
members of the school community.




Appendix K: PBL Lesson Plan Evaluation Rubric
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0
(was not
evident)

Poor

)

Fair

0]

Average

3

Good (4)

Excellent

S

The lesson plan met the goal of
the project/lesson.

Lesson plan contained relevant
essential question(s).

Lesson plan demonstrated a
connection between the lesson
and the real-life.

Lesson plan design showed a
precise definition of the teacher
and the students’ roles.

Lesson plan design provided
students with opportunities for
application of the acquired
knowledge.

Interdisciplinary aspects of the
project were evident.

Students presented a final
product within the allotted
period.

Project design demonstrated
evidence of collaborative group
work

Project design required students
to research their areas of
interest.

Project design demonstrated
students’ skills required for the
successful completion of the
projects.




Appendix L: Classroom Informal and Formal Observation Rubric

Class:

Curriculum Content Area
Date:

Name of Observer:

349

Observations

Rating

Excellent

)

Good
2)

Fair (3)

Not
Applicable

Students know the classroom rules and behavioral
expectations.

The classroom consequences fair, transparent, and
consistently applied.

The student responds positively to the teacher’s role as an
advisor and strives to meet the high expectations
established by the teacher.

The students respond positively to the teacher feedback to
improve understanding.

The students are provided with advice and support as
needed to understand the content and accomplish tasks.

Collaborative Teamwork/Active Learning Environment

The students are actively generating ideas/facts.

Students are actively participating in classroom
discussions and learning activities.

Students are willing to take risks in the process of
learning.

Students can monitor individual and team progress and
learning process.

Technology-integrated PBL Environment

The students are given rigorous learning opportunities that
require the application, evaluation, and synthesis of
knowledge.

The students can use technology to collect, evaluate, and
use the information for learning.

The students can use technology to research to solve a
problem and create original works that demonstrate
learning.

The students can use technology to produce a
collaborative product that demonstrates learning.

The students are connecting the classroom content to real-
life experiences.

The students are connecting their ideas to the classroom
academic content.

The students are connecting new ideas to previously
learned knowledge.

The students are using multiple and varied resources for
their research.

The students can reevaluate their ideas when faced with
new information.
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The students were able to work collaboratively to revise
and improve individual and teamwork based on teacher
feedback.

Team Product Presentation & Assessment

Students understand how the assessment process

All students participated in the creation of the team’s final
product.

The information presented in the final product was
scientifically and academically correct and relevant.

The final product presented by the team was a high-quality
product.

Team members can demonstrate and verbalize
understanding of the lesson content through the
presentation of the team product.

Observer’s Notes and Comments

(Delisle, 1997
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Appendix M: Concept Map




Appendix N: Student Problem Development Checklist

Student Check List for Developing a Problem

352

In developing the problem, we considered the need for...

Yes

No

appropriateness of the content when we developed our problem.

the availability of skills and resources either in or out of the classroom.

our experience and ability level in dealing with this type of problem.

the current curriculum and learning goals of the class.

our curricular interests and learning styles.

creating a driving question.

developing individual and group evaluation strategies.

(Delisle, 1997)
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Appendix O: Project Plan

Project Title: (will vary depending on the project)

Project Instruction: (will vary depending on the project)

Student Project Design Plan (student Interactive Science Folder (Journal))

Individual / Group notes on the progress of the project: (student Interactive Science Folder

(Journal))

Project Timeline: (Student Interactive Science Folder/Journal)

Final Presentation Guidelines and expectations: (will vary depending on the project)

Assessment Rubrics (Will vary depending on the project)



Appendix P: Individual Student Self-Evaluation Form
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Student:

Class:

Date:

Activity

Excellent

Good

Fair

I believe I contributed ideas /facts for the benefit
of the team.

I suggested some ideas for further research and
learning.

I used multiple and varied resources for the report.

I helped my team to think through problems.

I shared new information I came across with my
team.

I helped my team complete tasks in a timely
fashion.

(Delisle, 1997)
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Appendix Q: Individual Student Written Reflections Instructions

In your reflections, please describe the general process followed by the group to achieve the
team learning goals, your contributions to the team effort, and suggestions for future

improvements.



Appendix R: Classroom Observation Protocol
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Date:

The length and description of the activity/lesson being observed:

Descriptive Notes

Reflective Notes & Thoughts

Classroom Physical Setting

Students’ Attitudes and Demeanor

Students’ Conversations

Classroom activities and Interactions

Researcher’s Behavior & involvement

(Creswell, 2013)




Appendix S: Project Formative Assessment Rubric
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PBL Formative Assessment Rubric

1

2

NA

Classroom Climate
Students work well within the PBL structure.

Student Background Knowledge
Students have the needed background knowledge to
perform the required tasks.

Engagement with the Problem/driving question
Students engage with the problem by sharing
personal experiences.

Student Participation and Collaboration
Students volunteered to do various jobs for their
team. Students participated by generating ideas,
sharing information, and generated questions and
helped develop the team’s action plan.

Student Creativity
Students were able to use creativity to solve
problems.

Reflection and Revision

Students evaluated resources, ideas, hypotheses, and
brought up additional questions. Students provided
constructive feedback to their peers.

Use of Technology and Product Production
Students incorporated information gathered into the
product and participated in the creation of the
product and the report. Students’ were able to use
technology effectively in the process of product
production.

Student Self Evaluation
Students evaluated themselves as both individuals
and the members of the group.

Determination of Mastery

The teacher to determine and evaluate proficiency in
the content evaluated in the students’ presentations
and products.

Teacher Comments

(Delisle, 1997)




Appendix T: Project Presentation (Summative) Assessment Rubric

Significant
Scientific
Content & In-
depth Scientific
Inquiry

The presentation does

not include explanations of
central concepts of the study,
used inappropriate,

irrelevant and incorrect
descriptions of facts and

details needed to support

the project and answer the
driving question.

The presentation was not

well organized and did not make
sense.

The presentation lacked an
introduction or conclusion and was|
not adequately timed.

The presentation included adequate
explanations of central concepts of the
study, using appropriate, relevant, and
correct descriptions of facts and details
needed to support the project and answer
the driving question.

The presentation was adequately
organized and made sense.

The presentation contained an
introduction and a conclusion.

The presentation was adequately timed.

The presentation included
explanations of central concepts
of the study, using appropriate,
relevant, and accurate
descriptions of facts and details
needed to support the project and
answer the driving question.
The presentation was well
organized and made sense.

The presentation contained an
introduction and a conclusion.

The presentation was timed well.

21* Century
Skills

The student was unable to
demonstrate twenty-first-century
skills through participation in the
presentation and collaboration
with others, use of technology to
share main ideas and add interest
to the team.

Student adequately demonstrated 21°-
century skills through

participation in the presentation
moreover, collaboration with

others, some use of technology

to share main ideas and add

interest in the team

presentation.

Student demonstrated 21*
century skills through
participation in the
presentation and

collaboration with others, use
of technology to share the main
ideas and add interest to the
team presentation.

Student
Engagement &
Participation

The student was not able to

show how the team’s

driving question/problem
connected to a real-world process,
as well as students’ interests by
explaining how they were able to
make choices regarding the
products he/she created, completed|
their work as guided by the
teacher.

The student was able to show adequately
how the team’s driving question/

the problem connected to a real-world
process, as well as students’ interests by
explaining how they were able to make
choices regarding the products he/she
created, completed their work as guided
by the teacher

The student was able to

show how the team.’

driving question/problem
connected to a real-world

the process, as well as
students’ interests by
explaining how they were
able to make choices
regarding the products

he/she created, completed their
work as guided by the teacher.
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Team Members
Participation in
Presentations

The student did not participate
in the team presentation.

Student somewhat participated
In the team presentation

The student fully participated in
the team presentation.

(https://www.bie.org/object/document/pbl_essential elements_checklist)
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Appendix U: Interactive Science Folder (Journal) Student Instructions

Interactive Science Folder Instruction Sheet

While you are in the science classroom, you are a scientist. Scientists record their
ideas, thoughts, experiment results, and anything else they would like to record. As a scientist,
you are required to maintain an interactive science folder.

You will use your folder to record and store all the information you receive in the
science classroom. You will need to take excellent care of your folder. If you ever lose your
folder, you will need to recreate the folder from the beginning!

Please leave your folder in the science classroom. Your folders will be graded
periodically. To ensure that you receive the best grade possible, please refer to your
Interactive Science Folder Rubric as you complete each assignment.

Below you will see the instructions for your very first assignment:
1. Design a cover for your folder. The cover needs to have the following:
a. Your first and last name
b. Grade level and Period
c. Teacher’s Name
d. You may appropriately decorate your folder cover!

2. The pages in your folder are starting with “0” on the very first page.

3. Please number all pages you may create or receive each day and place in your folder in
the same order listed on your Table of content.

4. Keep your folder very neat. Use your best handwriting. Use minimal tape whiteout
only!

5. You will need to do some drawings as part of your assignments. You are only required

to do neat drawings. They do not have to be works of art©

Please label all your scientific drawings.

Please do not do random doodles in or on your folder!

8. Optional: A good learning strategy in science is the use of a student-created
dictionary. I have included an example.

N
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Appendix U: Interactive Science Folder (Journal) Grading Rubric & Scoring Sheet

Your folder will be graded using the “interactive Science Folder Grading Shee.” Your folder
will be graded based on four categories:

e Meeting Requirements

e Quality of work (includes neatness and handwriting)

e Creativity

e Timeliness
There are 1-5 points possible for each category each time the folder is checked and graded.
The number of points received in each category will then be added up to determine the final

number of points received each time the journal is checked. The grading key below explains
how your score for each category will be determined.

5 o  All the requirements have been met and exceed expectations.

e  The student work is of high quality and extremely organized.

e  The student work showed a high level of creativity. All artistic forms of work are neat
and colorful.

e  The student work was completed on time.

4 e  All the requirements have been met.

e  The student work is of good quality and organized

e  The student work showed a good level of creativity. All artistic forms of work are neat
and colorful.

e  The student work was completed on time

3 e  All the requirements have been partially met (1-2 items missing).

e The student work is of acceptable quality and organized

e The student work showed an acceptable level of creativity. All artistic forms of work
are neat and colorful.

e  The student work was completed on time

2 e  All the requirements have not been met (3 or more items missing)

e  The student work is of low quality and disorganized

e The student work showed some creativity. All artistic forms of work are somewhat neat
and colorful.

e  The student work was completed on time

1 e  Many of the assignment requirements are not present.

e  The student work is of poor quality and disorganized

e The student work showed little evidence of creativity. All artistic forms of work are
poorly done.

e  The student work was not submitted on time.




Appendix U: Interactive Science Folder (Journal) Scoring Sheet

361

Date Meeting Quality of the Creativity o
Checked | Requirements | Student Work Timeliness | Total Score
Total

Score
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Appendix V: Experimental Classroom Periodic Table Project Instructions

i

NN ENEEREEN|

Design Your Own Periodic Table

Design Your Own Periodic Table Project. (n.d.). Retrieved from
https://Ihsblogs.typepad.com/files/design-your-own-periodic-table-project.pdf

Project Goal

Research information about the various groups of elements in the periodic table. Research the
basic structure of the periodic table. Research the properties of elements and look for patterns
among elements in the same family. Create a “Periodic Table,” which demonstrates how
objects we use every day, topics we discuss, foods we eat, and more, contain characteristics
that allow us to group them using different patterns.

Project Guidelines

Where to begin:

1.

3.

4.

Choose a topic that has characteristics that can be categorized in at least two different
ways. Good characteristics to look at maybe, but are not limited to:

Dates, colors, cost, company, size, genre, or any physical or chemical properties that
can divide the subject into various groups and periods. Be creative.

Decide upon and research these characteristics. Organize the item vertically and
horizontally to show a pattern or relationship. Your periodic table must contain a
minimum of 40 elements, arranged in a minimum of 5 groups and four periods (or
the reverse). Not every space within a group or period needs to be filled. You must
have a title for your groups and periods and follow all the rules of the periodic
table, as discussed in our benchmark lesson.

Each “element” on your periodic table must include:

* Element Name

* Chemical Symbol (1 or 2 letters)

» Atomic Number — arrange the elements first, then number them, blank spaces
must include a number!

* Atomic Mass — some numeric characteristic of the element that must increase
as you go down and across the table (size, style, cost, etc.)

* Your choice — picture, state of matter, price, etc.

A “Key” is required for the information given for each “element” on the periodic
table by drawing a sample square with sample information, and then label what
characteristic each piece of information represents.

PERICDS
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5. The final copy of your periodic table must be in color and on unlined paper. The size
of your periodic table must be between 22” x 14” (half sheet of poster board) and 22” x
28” (a full sheet of poster board). Remember that bigger does not always necessarily
mean better, so choose a size that best fits your table.

6. Title your periodic table at the top of your poster board. Your name and class period
can be written on the back.

Hints for Planning:

Remember that a chemical symbol can be 1or 2 letters, but only the first letter is
capitalized.
Remember that atomic mass can be in decimal or whole number form.

You cannot use the same characteristic for 2 different pieces of information. For example,
2003 can only be used for atomic mass or atomic number, not both.

Suggestions:

Sketch out each square and manipulate the pieces to help discover patterns (like we did
with the periodic people).

Old catalogs and magazines are helpful for getting topic ideas or information and can be
cut out to use as part of the table.

Some topics ideas include candy, TV shows, movies, mall stores, music, sports teams,
animals, clothes, countries, states, make-up, and food.

Project Rubric

Basics + /10

Poster is:

» Titled (4 pts)

*  Neat (3 pts)

*  Colorful (2 pts)

*  Correct Size (1 pt.)

Organization + /10

*  Groups - vertical (4 pts organization)
(1 pt. title)
*  Periods - horizontal (4 pts organization)
(1 pt. title)

20 Elements + /20

* 1 pt. credit for extra elements (up to 5)

Square Information + /20

*  Atomic Number (3 pts)
*  Atomic Symbol (3 pts)



* Element Name (3 pts)
*  Atomic Mass (8 pts)
*  Choice (3 pts)

*  Atomic Number w/explanation (3pts)

*  Element/Chemical Symbol w/explanation (3pts)
* Element/Chemical Name w/explanation (3 pts)
*  Atomic Mass w/explanation (3 pts)

*  Choice w/explanation (3 pts)

Total +

(Design Your Own Periodic Table, 2018)

/175

364

/15
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Appendix V1: Control Classroom Periodic Table Project Instructions

Name:

Materials:

Periodic Table

Notes on the Periodic Table

Pencil

Book(s) on elements

(optional)

Procedure:

You are a part of a collection of scientists who have been chosen to assist a group of alien

scientists. To be able to converse scientifically, you must learn their language, and most

importantly, you must arrange their elements according to the trends that exist in the periodic

table. Below are clues for the alien's elements. So far, the aliens have only discovered

elements in groups 1, 2, and 13-18, and periods 1-5. Although the names of the elements are

different, they must correspond to our elements if our belief of universal elements holds true.

Read each clue carefully and then place the symbol for that clue's element in the blank

periodic table provided.

1. Livium (Lv): This element is responsible for life. It has 2 electron energy levels and 4
electrons available for bonding in the outermost energy level.

2. Computerchipium (Cc): This element is important for its use as a semiconductor in
computers.

3. Lightium (L): This is the lightest of elements; aliens used to use it in their aircraft until
their aircraft caught fire in a horrific accident.

4. Breathium (Br): When combined with Lightium (L), it makes the alien's most common
liquid whose formula is L2Br.

5. Francium (F): A metal found in period 4, group 13.
6. Moonium (Mo): An element with an atomic number of 34.
7. Explodium (Ex): This element is the most reactive metal on the alien's table.

8. Violetium(V): This element is found as part of a compound in bananas. When burned, it
has a violet colored flame.

9. Sparkium (Sp) and Burnium (Bu) are members of the alkali metal group, along with
Violetium(V) and Explodium (Ex). Their reactivity, from least to greatest, is Sp, Bu, V, Ex.
10. Balloonium (Ba): A noble gas used to fill balloons.

11. Toothium (To): This element is added to juices to help build strong bones and teeth.
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13.
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16.

17.

18.

19.

20.

21.

22.

23.

24,
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Metalloidium (M) and Poisonium (Po): Two metalloids found in period 4. Po is more
massive than M.
Lowigium (Lo): A period of four halogen.
Darkbluium (Dk): Has an atomic mass of 115.
Hugium (Hu): The element on the alien's periodic table that has the most mass.
Glucinium (Gl): The element found in period 2, group 2.
Reactinium (Re): The most reactive non-metal on the periodic table.

Balloonium (Ba), Signium (Si), Stableium (Sb), Supermanium (Sm), and Hugium (Hu) are
all noble gases. They are arranged above from least to most massive.

Cannium (Cn): This element helps to preserve foods; it is used in can manufacturing.
Burnium (Bu), Blue-whitium (Bw), Bauxitium (Xi), Computerchipsium (Cc), Bringer-
oflightium (BI), Stinkium (Sk), Purium (P), and Stableium (Sb) are all found in period 3.

Bu has 1 electron in its outer energy level, Bw has 2, Xi has 3, Cc has 4, Bl has 5, Sk has
6, P hasv7, and Sb has 8.

Scottishium (Sc): A metal element found in group 2.
Infectium (If): This element, mixed with alcohol, is used on cuts.

Abundantcium (Ab): One of the most abundant gasses in the universe. It has 7 protons,
seven neutrons, and 7 electrons.

Some additional clues: The number after the symbol indicates the number of electrons in
the outer energy level: Notalonium (Na): 5 Earthium (E): 6 Boracium (B): 3

Transition

i S ——_—
T 1 Elements — =
5 | ‘ |

Provided by the Control Classroom Teacher
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Appendix W: Interview Questions for Teacher Participant

How do you define a project?

Can you provide examples of projects that you are currently working on or
have previously completed in your class?

To what level do you utilize projects as part of the learning process in your
class?

What are some instructional strategies that you use to implement projects in
your classroom?

What is your opinion of project-based learning?

Do you feel that project-based learning is an effective method of teaching?
Why or why not?

What is your opinion of the appropriate length of time for a project?

How do you compare project-based learning with a research-based instructional
strategy such as inquiry-based science?

What are your thoughts on allowing students to design their projects?

. What do you see as advantages or disadvantages of implementing project-based

learning in a middle school classroom?
What things will prevent you from implementing project-based learning in your
classroom?



Appendix X: Introduction to Matter Lesson Plan

Introduction to Matter
Chapter 1
Standards:
SCI.CA.8.IE.9.1;
SCI.CA.8.
PS.6.a;
SCI.CA.8.
PS.7.c;
SCI.CA.8.PS.8.a,b
Lesson 1: Describing Matter
Lesson Objectives
e Identify properties used to describe matter

e Define matter, mass, and volume.
o Identify the physical properties of matter.

e List examples of chemical properties of matter.

Key Vocab:
e Matter
e Substance
e Chemistry
e Physical properties

Chemical Properties
Driving Questions:
e What Properties describe matter?
Lesson Notes:
e Matter is.......
e Matter Vs. Substance
e Matter in chemistry
e Properties of matter can be physical or chemical.
e Physical properties of matter
o Hardness (Moh’s hardness scale)
o Freezing and Boiling points
o Thermal conductivity
o Electrical conductivity
o Solubility
e Chemical properties of matter
o Flammability
o Reactivity
o)
Lesson 2: Classifying Matter
Lesson Objectives:
e Describe what makes up matter
e Describe the properties of the mixture

368
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Define matter, mass, and volume.

Identify the physical properties of matter.

e List examples of chemical properties of matter.

[ J
Key Vocab:

Element
Molecule
Mixture

Atom
Chemical bond
Compound

e Chemical formula

[ J
Driving Questions:

e What is matter made of?

e What are the two types of mixtures?
Lesson notes:

e Matter can be made up of smaller particles such as atoms, molecules, and elements.
atoms, molecules and elements, chemical bonds
Compounds
Chemical formulas
Mixtures (homogeneous vs. heterogeneous)

o Solutions (Homogenous)

= Solid in solid (Alloy)
= Liquid in Liquid
= Gasin gas
= Solid in liquid
o Suspensions (heterogeneous)
o Colloids (Homogeneous)
= Colloid vs. solution
o Light beam Scattering
e Separating Mixtures
o Magnetic attraction
o Filtration
o Evaporation
o Distillation

o
Lesson 3: Measuring Matter
Lesson Objectives
e Describe the units used to measure mass and volume
e Explain how to determine the density of the material

e Describe elements and atoms.

e Describe compounds, molecules, and crystals.
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e Define mixture and identify types of mixtures.

Key Vocab:
e Weight
e Mass
e The international system of units
e Volume
e Density

Driving Questions:
e What units are used to express mass and volume?
e How is density determined?

Lesson notes:

e Weight
o Units
= ST unit = Newtons
= 1kg=9.8N
= 1kg=1000g
= 1g=0.0IN

o Spring scale
o Depends on gravity

o Units
= SI Unit = Kg (grams)
o Balance Scale
o Always constant
e Volume
o Geometric objects (Length x width x height)
o Cubic units
o Non-geometric objects (Archimedes principle, water displacement)
e Density
o Derived quantity
Characteristic property
Formula: D= Mass/Volume
Units
Solids vs. Liquids
= Solids (measure, sink or float)
* Liquids (Density gradient)

o O O O

e Lab:
o Making Sense of density (Thornton et al., 2013)



(Thornton et al., 2013)

Activity:
o Design and build a density calculating system (Thornton et al., 2013)

Design and Build a Density-Calculating System

How do you find the density of something if you don’t have a balance
to measure its mass? Suppose you can’t use a graduated cylinder to
measure the volume of such items as honey or table sugar. Can you
build your own balance and devise a way to find the volume of items
that are not easily measured with a ruler?

Your Goal To design and build a device for collect-
ing data that can be used to calculate the density
of powdered solids and liquids
To complete the project, you must
@ build a device to measure accurately the
masses of powdered solids and liquids
® develop a method to measure volume with-
out using standard laboratory equipment
® obtain data you can use to calculate the
density of items
o follow the safety guidelines in Appendix A

Plan it! Preview the chapter to find out
how mass, volume, and density are related.
‘Research how balances are constructed and
ey work. Build a balance out of the

plied by your teacher. Then
'a known volume that

(Thornton et al., 2013)

Lesson 4: Changes in Matter
Lesson Objectives:

Explain what physical change is

371
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Explain what a chemical change is
Describe how energy changes when matter changes
Define and give examples of physical changes in matter.

Define and give examples of chemical changes in matter.

State the law of conservation of mass.

Key Vocab:

Physical change

Chemical change

Law of conservation of mass
Temperature

Thermal energy

Exothermic change
Endothermic change
Chemical energy

Driving Questions:

What happens to a substance in a physical change?
What happens to a substance in a chemical change?
How are changes in energy and matter related?

Lesson notes:

Physical change
o Change of state
o Changes in shape and form
Chemical change
o Combustion
Electrolysis
Tarnishing
Oxidation
Signs of Chemical Change
= Production of Oder
= Color change
= Gas production
= Formation of a solid substance (precipitate)
o Reversing Chemical Change
Conservation of Mass
o Law of conservation of mass
=  Sum of Parts
= Open chamber
* (Closed chamber
o Demonstration
Temperature and Thermal Energy
Temperature
Thermal Energy
Endothermic Change & Changes in matter
Exothermic change & Changes in matter

O O O O

@)
©)
@)
©)
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o Chemical energy
e Demonstration:
o Law of conservation of mass

Big Idea(s): What is matter?

Name of the Project: Design and build a Density Calculating System Time Needed to Complete
Project: 4 periods

Course: Science I Teacher’s Name: Afsaneh Miller Grade Level: 8

Cross-Curricular content areas/Academic SKkills:
California Common Core Standards:

ELA/Literacy —

RST.6-8.1 Cite specific textual evidence to support analysis of science and technical texts.
(MS-ESS1-3), (MS-ESS1-4)

RST.6-8.7 Integrate quantitative or technical information expressed in words in a text with a

version of that information expressed visually (e.g., in a flowchart, diagram, model,
graph, or Table). (MS-ESS1-3)

WHST.6-8.2. a—f Write informative/explanatory texts to examine a topic and convey ideas, concepts,
and information through the selection, organization, and analysis of relevant
content. (MS-ESS1-4)

SL.8.5 Include multimedia components and visual displays in presentations to clarify
claims and findings and emphasize salient points. (MS-ESS1-1), (MS-ESS1-2)

Discipline-Specific California Science Content Standards:

= Develop a model to predict and describe phenomena. (MS-PS1-1), (MS-PS1-4)

= Develop a model to describe unobservable mechanisms. (MS-PS1-5)

= Undertake a design project, engaging in the design cycle to construct and implement a solution that meets
specific design criteria and constraints. (MS-PS1-6)

= Gather, read, and synthesize information from multiple appropriate sources and assess the credibility,
accuracy, and possible bias of each publication and methods used, and describe how they are supported or
not supported by evidence. (MS-PS1-3)

Project Learning Objectives & Outcomes:
e Build a device to measure the masses of powdered solids and liquids accurately
e Develop a method to measure volume without using standard laboratory equipment
e Obtain data you can use to calculate the density of items
e Follow safety guidelines

Connection to Existing Classroom Curriculum:
To build a balance and devise a way to find the volume of items that are not easily measured with a ruler.

Pre-requisite Skills Required to complete projects
e  critical thinking
e collaboration
e  creation
e communication

Required technological equipment and skills:
Follow lab safety protocols

e Use a tri-beam balance

e  Measure volume

e  Measure mass

Required Materials:
e balance
e  varies according to student design

Issue/idea/Question to be investigated (connection to real-life):
To build a balance and devise a way to find the volume of items that are not easily measured with a ruler.

Project Outcome:




374

e A device to measure the masses of powdered solids and liquids accurately without using standard
laboratory equipment to calculate the density of items.

Driving Question (s)

1. How do you find the density of something if you do not have a balance to measure its mass?
2. Can you build a balance and devise a way to find the volume of items that are not easily measured

with a ruler?

The Lesson Planner

Activity Teacher Notes Estimated Student
Time Needed Deliverables
Lesson Background Direct Instruction Two Periods Class notes

-Project Topic Discussion. -Introduce Topic 1 Periods Class participation
-Lesson Rubric Discussion | -Establish prior knowledge in group activities
-Project Outline -Help students build personal

connections with the topic

Stages of the Project

-Preliminary Background -Provide directions as needed One period Research Notes in
Research -Provide assistance and instruction students Interactive

with needed academic and Science Folder

technological skills

-Provide students with needed

opportunities to conduct experiments,

interviews, field trips, and other

activities that allow them to research

their topic.
Question/Think/Predict Provide directions as needed One period Student-generated
-Generate and develop ideas | -Provide assistance and instruction notes in Interactive

with needed academic and Science Folder

technological skills

-Provide students with needed

opportunities to conduct experiments,

interviews, field trips and other

activities that allow them to research

their
Plan and conduct Provide directions as needed One period Student-generated
project/investigation -Provide assistance and instruction notes & artifacts in
-Develop ideas/design with needed academic and students Interactive
-Collaborate with others technological skills Science Folder
-Plan and carry out -Provide students with needed
investigations and activities | opportunities to conduct experiments,

interviews, field trips and other

activities that allow them to research

their
Information and data Provide directions as needed One period Student-generated
analysis -Provide assistance and instruction notes & artifacts in
-Analyze and critique with needed academic and students Interactive
data/outcomes technological skills Science Folder

-Provide students with needed

opportunities to conduct experiments,

interviews, field trips and other

activities that allow them to research

their
Project/investigation Provide Assessment guidelines and One period Student-generated

evaluation and assessment
-Communicate
-Explain/reflect

-Analyze and critique

rubrics
Provide Feedback and assessment

notes & artifacts in
students Interactive
Science Folder

Completed Rubrics
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Development and design Provide directions as needed One period Student-generated
-Project/Product Assembly | -Provide assistance and instruction notes & artifacts in
with needed academic and students Interactive
technological skills Science Folder
-Provide students with needed
opportunities to conduct experiments,
interviews, field trips and other
activities that allow them to research
their
Outcome Communication Provide Assessment guidelines and One period Student-generated

-Submit a project for
preliminary review &
feedback

-Make needed changes
based on preliminary
feedback

-Present final
project/product to the class
& guests

rubrics
Provide Feedback and assessment

notes & artifacts in
students Interactive
Science Folder
Reflections
Preliminary & Final
Project

Project Presentation
Completed Rubrics
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Appendix X1: Criterion-Referenced Diagnostic Test

Name Date Class

DIAGNOSTIC TEST 1

1. Which of these properties of an iron nail | Directions: Use the diagram below to

is a physical property?

A does not burn when a flame is applied

B reacts with hydrochloric acid to
release hydrogen gas

C composed of only one piece instead of
fragments

D rusts

. A group of two or more atoms held
together by chemical bonds is called
an element.

a compound.

a molecule.

a solution.

[=Nel--NJ

. On a cold morning, Fawn awoke to find
frost on her bedroom windows. Which
type of process is the formation of frost?
A color change

B physical change

C chemical change

D electromagnetic change

. Which of the following examples in
nature represents a chemical change?

A water freezing in a pond

B a tree branch breaking

C atree burning after a lightning strike
D steam rising from pavement

answer question 5.

5. Curtis wanted to measure the volume of
arock using the method shown above.
Which of the following SI units should
he use?

A grams

B meters

C milliliters
D kilometers

6. How do crystalline and amorphous
solids differ?

A Crystalline solids do not melt at
a distinct temperature.

B Amorphous solids are made up
of crystals.

C Crystalline solids have a regular
pattern of particles, but amorphous
solids do not.

D Amorphous solids are always soft.

;
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Appendix X1: Criterion-Referenced Diagnostic Test

Name

Date

Class

DIAGNOSTIC TEST 1 (continued)

Directions: Use the diagram below to answer question 7.

States of a Substance

7. The diagram compares the particles in
three different states of matter. What
process causes particles in State A to
change to State B?

A condensation
B evaporation
C freezing

D melting

8. What must happen in order for water to

change state?

A It must maintain its thermal energy
level.

B It must absorb or release energy.

C It must be insulated.

D It must convert thermal energy to
solar energy.

9. A balloon is inflated with air and is
then pulled down to the bottom of a
lake, where the pressure of the water is
greatest. What happens to the air in the
balloon as it is submerged?

A Tts pressure decreases.

B Its volume decreases.

C Its pressure remains the same.
D It condenses.

State B

10.

11.

12.

State C

Atoms consist of which three types of
particles?

A compounds, protons, neutrons

B electrons, neutrons, protons

C elements, electrons, neutrons

D molecules, electrons, protons

‘What observation led Dmitri Mendeleev

to create the first periodic table?

A Atoms contain neutrons.

B Different elements have different
chemical symbols.

C Atoms of different elements have the
same number of protons.

D Some elements have similar chemical
or physical properties.

The elements in one period of the

periodic table

A have the same number of electrons.

B have the same number of protons.

C decrease in atomic mass from left to
right.

D increase in atomic number from left
to right.

Progress Monitoring and Benchmark Assessments
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Appendix X1: Criterion-Referenced Diagnostic Test

Name

Date

Class

DIAGNOSTIC TEST 1 (continued)

Directions: Use the illustration below to
answer question 13.

28
Ni
Nickel
58.7

13. How many protons does a nickel atom

have?
A 14
B 28
C 30,7
D 58.7

14. Which of the following is a property of

metals?

A They are dull.

B They are good conductors.
C They break easily.

D They are not malleable.

Progress Monitoring and Benchmark Assessments

9

15.

16.

Which of the following statements about

nonmetals is true?

A Nonmetals are usually very shiny.

B Many nonmetals are liquids at room
temperature.

C Nonmetals are good electrical
conductors.

D Many nonmetals are gases at room
temperature.

Which lists the three main types of
nuclear radiation from least penetrating
to most penetrating?

A alpha, gamma, beta

B alpha, beta, gamma

C gamma, beta, alpha

D beta, gamma, alpha

Copyright © Pearson Education, Inc., or its affiliates. All rights reserved
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Appendix X1: Criterion-Referenced Diagnostic Test

Name

Date

Class

DIAGNOSTIC TEST 1 (continued)

Directions: Use the diagram below to answer question 17.

17.

18.

19.

Periodic Table of the Elements (Top Section)

1

1],

13 14 15 16 17

2
3 3 4 5 6 7 8 10 11 12
4 HEEEEEEE
Which group of the periodic table 20. Which of the following diagrams shows

contains elements made of atoms with
only one valence electron?

A Groupl

B Group 3

C Group 17

D Group 18

Which electrical attraction holds atoms

together in ionic bonding?

A attraction between nuclei

B attraction between an electron pair
shared by both nuclei

C attraction between ions of opposite
charge

D attraction between ions of the same
charge

Which of the following is a general
property of ionic compounds?

A soft

B easily bent without breaking

C high melting points

D do not form crystals

10

21.

22.

two hydrogen atoms bonded together?
*HeH
B eeo oo

SHeHs

‘HeH
:H.:.H.:

Which type of chemical bond occurs in
metals and not in nonmetals?

A covalent bonds

B double bonds

C ionic bonds

D metallic bonds

The best evidence for a chemical
reaction is

A the formation of a new substance.
B the production of a gas.

C achange in color.

D the formation of a solid.

Progress Monitoring and Benchmark Assessments
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Appendix X1: Criterion-Referenced Diagnostic Test

Name

Date

Class

DIAGNOSTIC TEST 1 (continued)

23. In a chemical reaction, the total mass of

the reactants is

A less than the total mass of the
products.

B greater than the total mass of the
products.

C exactly equal to the total mass of the
products.

D unrelated to the total mass of the
products.

Directions: Use the graph below to answer
question 24.

Rate of Enzyme Action

(] 10 20 30 40 50 60
Temperature (C*)

24. A scientist tested the effect of
temperature (from 0° C to 30° C) on
enzyme activity, and published his
results. A second scientist repeated the
experiment, but tested temperatures
between 0° C and 60° C, with the results
shown above. What did the second trial
show that the first trial did not?

A Activity increases with temperature.

B Activity decreases quickly above 40° C.

C Activity decreases with temperature.
D Activity decreases quickly above 0° C.

25.

26

27

28.

11
Progress Monitoring and Benchmark Assessments

Which occurs during a synthesis

reaction?

A Compounds break down into simpler
products.

B Two or more substances combine to
form a more complex substance.

C One element replaces another
element in a compound.

D Two elements in different compounds
trade places.

The half-life of a radioactive isotope is
the length of time needed for half of the
atoms in a sample to

A decay.

B double in size.

C become radioactive.

D change into carbon.

Which of the following is present in the
largest amount in a solution?

solute

solvent

colloid

suspension

~Nel "N

How does the maximum amount of salt

that will dissolve in a given amount of

water change if the temperature of the

water is increased?

A It increases steadily.

B It decreases steadily.

C It remains the same.

D It increases at first but then decreases
close to the boiling point.

Copyright © Pearsen Education, Inc., or its affiliates. All rights reserved
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Appendix X1: Criterion-Referenced Diagnostic Test

Name Date Class

DIAGNOSTIC TEST 1 (continued)

29. A solution turns red litmus paper blue. 30. Any substance that forms hydrogen ions
The solution is (H*) in water is
A neutral. A anacid.
B sulfuric acid. B abase.
C salt water. C anindicator.
D abase. D asalt.

12
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Appendix X1: Criterion-Referenced Diagnostic Test

Name Date Class

DIAGNOSTIC TEST 1 REPORT

Number | Proficient?

jecti Test It Remediati
Objectlve estltems | | Yesor No | REMediation

PS Cho01 LOI: Identify the properties used to 1
describe matter.

PS Cho01 L02: Describe what makes up matter. | 2

PS Cho01 L03: Describe the units used to 5
measure mass and volume.

PS Ch01 L04: Explain what a chemical 4
change is.

PS Ch01 L04: Explain what a physical 3
change is.

PS Ch02 L01: Describe the motion of particles | 6
in a solid.

PS Ch02 L02: Explain what happens to a 8
substance during changes between liquid
and gas.

PS Ch02 L02: Explain what happens to a 7
substance during changes between solid and
liquid.

PS Cho02 L03: Explain how pressure and 9
volume of a gas are related.

PS Cho03 LO1: Describe the modern model of 10
the atom.

PS Ch03 L02: Explain how Mendeleev 11
discovered the pattern that led to the periodic
table.

PS Ch03 L02: Explain how the periodic tableis | 17
useful.

PS Ch03 L02: Identify the data about elements | 12, 13
found in the periodic table.

PS Cho03 L03: Summarize the properties of 14
metals.

PS Ch03 L04: Summarize the properties of 15
nonmetals.

PS Cho03 L05: Describe how radioactive 26
isotopes are useful.

PS Cho03 L05: Identify the types of particles and | 16
energy produced by radioactive decay.

PS Ch04 L02: Explain how ions form. 18
PS Ch04 L02: Identify properties of ionic 19

compounds.

(continued)

13
Progress Monitoring and Benchmark Assessments
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Appendix X1: Criterion-Referenced Diagnostic Test

Name Date Class

DIAGNOSTIC TEST 1 REPORT

Number | Proficient?

jecti Test Items Remediation
Objechve Correct Yes or No

PS Ch04 L03: Describe how atoms are held 20
together in a covalent bond.

PS Ch04 L04: Describe the structure of a metal | 21
crystal.

PS ChO5 LO1: Identify ways to tell thata 22
chemical reaction has occurred.

PS Ch05 L02: Explain how mass is conserved 23
during a chemical reaction.

PS Ch05 L02: Identify three categories of 25
chemical reactions.

PS Ch05 L03: Identify factors that affect the 24
rate of a chemical reaction.

PS Ch06 L01: Identify how mixtures are 27
classified.

PS Ch06 L02: Identify the factors that affect the | 28
solubility of a substance.

PS Ch06 L03: Describe the properties of bases. | 29

PS Ch06 L04: Identify the types of ions acids 30
and bases form in water.

14
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Appendix X2: Criterion-Referenced Benchmark Test

Name

Date Class

BENCHMARK TEST 1

1. Which of the following is a chemical
property of a substance?
A the ability to conduct heat
B the ability to melt
C the ability to burn
D the ability to reflect light

2. The chemical formula for a molecule
of sulfuric acid is H,SO,. How many
different elements make up the
compound sulfuric acid?

A2

B3
Co
D7

3. Potting soil usually contains soil, organic
matter, and perlite (small white balls that
help keep the soil loose). Which of the
following terms could be used to classify
potting soil?

A mixture
B formula
C element
D compound

4. What information about a mineral or
rock is needed to determine its density?
A shape and mass
B volume and mass
C volume and shape
D volume and hardness

Directions: Use the diagram below to
answer question 5.

—_— —
i 100
[ -
[ o o
[ 7
- Feo
Before [ & [ s After
L Fao
- Lo
[ [
o Evo

5. A rock was dropped into water in a
graduated cylinder. What is the correct
volume of the rock?

A 25mL
B 40 mL
C 65mL
D 105mL

6. Which of the following is an example of
a physical change?
A burning
B melting
C rusting
D corroding

:
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Appendix X2: Criterion-Referenced Benchmark Test

Name Date Class

BENCHMARK TEST 1 (continued)

Directions: Use the diagram below to answer question 7.

States of a Substance

\H_fo‘
,‘\0:
N /e _ S
Q\
_n

0-0
o

N

(

s

7

N

7

. ‘\é

State A State C

7. If the diagrams show the particles of a 10. What does a graph of Charles’ Law
single substance, which of the states in describe?
the diagram represents a liquid? A an inverse relationship between gas
A state A volume and temperature
B state B B an inverse relationship between gas
C state C temperature and mass
D states Aand B C adirect relationship between gas

volume and pressure
8. Which is an exothermic change? D a direct relationship between gas

A ice melting volume and temperature

B water turning to steam

C frying an egg 11. John Dalton thought that atoms are most
D coal burning like
A smooth, hard balls.
9. What process turns dry ice from a solid B chocolate chip cookies.
directly into a gas? C onions with many layers.

A condensatism D peaches with solid pits inside.

B evaporation
C sublimation
D vaporization

.

Progress Monitoring and Benchmark Assessments
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Appendix X2: Criterion-Referenced Benchmark Test

Name

Date

Class

BENCHMARK TEST 1 (continued)

12.

13.

According to the model of atoms we now

use, an atom

A cannot be broken down into smaller
pieces.

B consists of a sphere of positive
electricity in which negative electrons
are embedded like raisins in a raisin
muffin.

C consists of a positive nucleus
surrounded by electrons that orbit the
nucleus in well-defined orbits.

D consists of a positive nucleus around
which electrons form a negatively
charged cloud.

Dmitri Mendeleev discovered patterns
in the properties of elements when he
arranged them in order by

A number of electrons.

B number of neutrons.

C atomic size.

D atomic mass.

Progress Monitoring and Benchmark Assessments

17

Directions: Use the diagram below to
answer question 14.

14.

15.

16.

18
Ar

Argon
40.0
What is the average atomic mass of
argon?
A9
B 18
C 220
D 40.0

In the periodic table, how are elements
in the same group related to each other?
A They have the same atomic mass.

B They have very different properties.
C They have the same atomic number.
D They have similar properties.

If an element is shiny, a good heat
conductor, and can be reshaped without
breaking, the element is most likely

A an isotope.

B aliquid.
C agas.
D ametal.

Copyright © Pearson Education, Inc., or its affiliates. All rights reserved

386



Appendix X2: Criterion-Referenced Benchmark Test

Name

Date Class

BENCHMARK TEST 1 (continued)

Directions: Use the diagram below to answer question 17.

17.

18.

Periodic Table of the Elements (Top Section)

13 14 15 16 17

Where are almost all nonmetals located
in the periodic table?

A to the left of the zigzag line

B to the right of the zigzag line

C inrows3and 4

D in Groups 1 through 4

Which statement is true about the

Group 1 metals?

A The metals of the group are called
alkaline earth metals.

B The metals all have very high
densities.

C They are always found as uncombined
elements in nature.

D They are the most reactive metals in
the periodic table.

19. Atoms of most elements are less likely to
react when they have
A 2 valence electrons.
B 4 valence electrons.
C 6 valence electrons.
D 8 valence electrons.

20. Which compound is made of atoms
joined by covalent bonds?
A NaCl
B CaF,
C MgO
D HO

21. Atoms of the element nitrogen can share
three pairs of electrons, forming

a single bond.

a double bond.

a triple bond.

no bond.

Tow

;
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Appendix X2: Criterion-Referenced Benchmark Test

Name

Percent of Radioactive Element Remaining

Date Class
BENCHMARK TEST 1 (continued)
Directions: Use the graph below to answer question 22.
Radioactive Decay of Strontium-90

100 4

s

50 |-

25 |-

| L |
0 28 56 84 112

22.

23.

24,

Years

According to the graph, how many years
will it take for 50 percent of a sample of
strontium-90 to decay?

A 28 years

B 56 years

C 84 years

D 112 years

Which is a property shared by most
molecular compounds?

A high boiling point

B conducts electric current

C low melting point

D nonpolar bonds

A covalent bond in which electrons are
shared equally is

A adouble bond.

B ionic.

C nonpolar.

D polar.

25.

26.

What produces a metallic bond?

A attraction between oppositely charged
ions

B attraction between a positive ion and
electrons around it

C attraction of two nuclei to a pair of
electrons

D attraction between metal and
hydrogen ions

Which of the following is a chemical
change?

A toasting a marshmallow

B melting ice

C breaking a toothpick in half

D boiling water

Progress Monitoring and Benchmark Assessments
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Appendix X2: Criterion-Referenced Benchmark Test

Name

Date

Class

BENCHMARK TEST 1 (continued)

Directions: Use the diagram below to answer question 27.

27.

28.

Which statement is true about the

chemical reaction shown?

A In the reaction, there are two
products and one reactant.

B Water forms from the reaction
between hydrogen and oxygen.

C In the equation, H O is a chemical
symbol. _

D The chemical equation for the
reaction is balanced.

Which of the following is a
decomposition reaction?

AP +30,5P0,

B 2Na+2H,0>H, +2NaOH
C 2HO, >2H0+0,

D 2Cu,0+C>4Cu+CO,

Hydrogen gas
and oxygen gas

20

29. A log burned and became a pile of ashes.
The mass of the ashes was less than the
mass of the log before it burned. What
can you conclude based on the law of
conservation of mass?

A
B

C

The chemical reaction created matter.
The chemical reaction destroyed
matter.

Not all of the products and reactants
could be measured because the
chemical reaction took place in an
open system.

The chemical reaction did not work
as expected because it took place in a
closed system.

Progress Monitoring and Benchmark Assessments
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Appendix X2: Criterion-Referenced Benchmark Test

Name

Hydrochloric

Date Class
BENCHMARK TEST 1 (continued)
Directions: Use the diagram below to answer question 30.
pH Values for Common Substances
acid Lemon Apple Banana Water Baking soda Ammonia Drain cleaner
=3
@ 9

30.

31.

32.

Most acidic

Based on the pH values given on the pH
scale, which of the following solutions
has the lowest concentration of H* ions?
A hydrochloric acid

B lemon juice

C baking soda

D drain cleaner

The activation energy of a chemical

reaction is the amount of energy

required to

A combine two elements into a
compound.

B break the chemical bonds in the
products.

C produce heat energy.

D break the chemical bonds in the
reactants.

The air in your classroom is an example
ofa

A colloid.

B solution.

C suspension.

D fog.

Progress Menitoring and Benchmark Assessments

33.

34.

35.

Most basic

When baking soda mixes with vinegar,

the solution feels cool. This temperature

change is an indication that

A an exothermic reaction is occurring.

B energy is being absorbed by the
reaction.

C no reaction is taking place.

D matter is being released.

If the pressure of a gas above a liquid is
increased, the solubility of the gas in the
liquid usually

A increases.

B decreases.

C remains the same.

D first increases then decreases.

What is the name of a substance that
produces hydroxide ions (OH") in water?
A acid

B base

C salt

D pH

Copyright @ Pearson Education, Inc., or its affiliates. All rights reserved.

390



Appendix X2: Criterion-Referenced Benchmark Test

Name Date Class

BENCHMARK TEST 1 (continued)

Directions: Use the graph below te answer question 36.

Pressure (kPa)

Volume (cm3)

36. What gas law is shown in the figure? Describe the relationship between gas pressure and
gas volume shown by the graph.

37. Compare and contrast evaporation and boiling.

38. A sample of an unknown element is a solid that crumbles easily into a powder and does
not conduct electricity. Is this element a metal or a nonmetal? Explain your reasoning.

39. When dissolved in water, why are ionic compounds better conductors of electricity than
molecular compounds?

40. Describe four ways that a chemist might be able to speed up a chemical reaction.

22
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Appendix X2: Criterion-Referenced Benchmark Test

Name Date Class

BENCHMARK TEST 1 REPORT

Number | Proficient?

jecti Test Items Remediation
Objedlve Correct Yes or No
PS Ch01 L02: Describe the properties of a 3
mixture.

PS ChO01 LO1: Identify the properties used to 1
describe matter.

PS Ch01 L02: Describe what makes up matter. | 2

PS Ch01 L03: Describe the units used to 5
measure mass and volume.

PS Ch01 L03: Explain how to determine the 4
density of a material.

PS Ch01 L04: Describe how energy changes 8
when matter changes.

PS Ch01 L04: Explain what a physical 6
change is.

PS Cho02 LO1: Describe the motion of particles | 7
in a liquid.

PS Ch02 L02: Explain what happens to a 37
substance during changes between liquid

and gas.

PS Ch02 L02: Explain what happens to a 9
substance during changes between solid

and gas.

PS Cho02 L03: Explain how pressure and 10, 36
volume of a gas are related.

PS Cho03 L01: Describe how atomic theory 11
developed.

PS Ch03 L01: Describe the modern model 12
of the atom.

PS Cho03 L02: Explain how Mendeleev 13

discovered the pattern that led to the
periodic table.

PS Ch03 L02: Explain how the periodic tableis | 15
useful.

PS Cho03 L02: Identify the data about elements | 14
found in the periodic table.

PS Ch03 L03: Describe how metals are 18
classified in the periodic table.
PS Ch03 L03: Summarize the properties of 16
metals.
PS Cho03 L04: Summarize the properties of 17,38
nonmetals.
(continued)
23
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Appendix X2: Criterion-Referenced Benchmark Test

Name Date Class

BENCHMARK TEST 1 REPORT

. . Number | Proficient?
Test It R LIEY
Objectlve est Items P Vet i No emediation

PS Ch03 L05: Describe how radioactive 22
isotopes are useful.

PS Ch04 LO1: Explain what determines an 19
element’s chemistry.

PS Ch04 L02: Identify properties of ionic 39
compounds.

PS Ch04 L03: Describe how atoms are held 20,21

together in a covalent bond.

PS Ch04 L03: Explain how bonded atoms 24
become partially charged.

PS Ch04 L03: Identify properties of molecular | 23
compounds.

PS Ch04 L04: Describe the structure of a metal | 25
crystal.

PS Cho05 LO1: Identify ways to tell that a 26
chemical reaction has occurred.

PS Ch05 L02: Explain how mass is conserved 29
during a chemical reaction.

PS ChO5 L02: Identify the information included | 27
in a chemical equation.

PS Ch05 L02: Identify three categories of 28
chemical reactions.

PS Ch05 L03: Explain how activation energy is | 31, 33
related to chemical reactions.

PS ChO5 L03: Identify factors that affect the 40
rate of a chemical reaction.

PS Cho06 LO1: Identify how mixtures are 32
classified.

PS Ch06 L02: Identify the factors that affect the | 34
solubility of a substance.

PS Ch06 L04: Identify the types of ions acids 30,35
and bases form in water.

24
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Appendix X3: Criterion-referenced Chapter Pretest (Test B)

Introduction to Matter
Chapter Test B

Multiple Choice
Write the letter of the correct answer on the line at the left.

1. The volume of an irregular object can be measured by

a. multiplying the object’s length, width, and height.

b. multiplying the object’s density by its mass.

c. submerging the object in water in a graduated cylinder.
d. placing the object on a triple-beam balance.

2. The density of corn syrup is 1.33 g/mL, and the density of vegetable oil
is
0.91 g/mL. Which liquid(s) will float on water?
a. both corn syrup and vegetable oil
b. corn syrup but not vegetable oil
c. vegetable oil but not corn syrup
d. neither vegetable oil nor corn syrup
3. Anything that has mass and takes up space is called
a. matter. b. energy.
c. heterogeneous. d. homogeneous.
4. Soil, a salad, and sugar water are all examples of
a. elements. b. compounds.
¢. mixtures. d. atoms.

5. What holds atoms together in a molecule?

a. density b. gravity
¢. physical bonds d. chemical bonds
6. The metric system of measurement is based on the number
a. 1. b. 10.
c. 12. d. 100.
7. The ability to do work or because change describes
a. temperature. b. density.
¢. matter. d. energy.

8. One example of a physical change is

a. burning paper. b. baking cookies.
c. toasting marshmallows. d. dissolving salt in water.

394



395

Appendix X3: Criterion-referenced Chapter Pretest (Test B)

Introduction to Matter (continued)

9. How do liquid water, ice, and water vapor differ from each other?

a. They are different states of matter.

b. They are different compounds.

c. They are made of different kinds of molecules.
d. They are made of different kinds of atoms.

10. Being able to identify good sources of scientific information and apply
the knowledge to problems in your life is a part of having
a. scientific hypotheses. b. scientific inquiry.
c. scientific literacy. d. scientific laws.

11. One example of a chemical change is

a. filtering a mixture. b. burning wood.
c. boiling water. d. crushing a can.
Completion

Fill in the line to complete each statement.

12. The fact that matter is not created or destroyed in any chemical or physical change is
called the .

13. A(n) is a group of two or more atoms that are held together by
chemical bonds.

14. Hardness, texture, color, and freezing point are examples of
properties of matter.

15. A volume of 25 milliliters is the same as a volume of cubic
centimeters.
16. A(n) is formed when two or more substances are so evenly

mixed that you cannot see the different parts.

True or False

If the statement is true, write true. If it is false, change the underlined word or words to make
the statement true.

17. A substance is a single kind of matter that has a specific composition.

18. A substance that undergoes a chemical change is still the same substance
after the change.

19. The smallest particle of an element is called a(n) atom.

20. To find the_mass of a rectangular object, you multiply the object’s length,
width, and height.

21. A change that produces one or more new substances is called a physical
change.
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Appendix X3: Criterion-referenced Chapter Pretest (Test B)

Introduction to Matter (continued)

Using Science Skills
Use the graph to answer each question.

&0
_ 0
5 A
= 4
g v :
‘E 20 —a— Feadtion A
1 —s— Reaction B
!
T e
E =y
B N
—
1]
1] 1 2 3 4 5 5] T g g 0

Time minutes)

22. Identify and label the dependent and independent variables. Describe the relationship
between the dependent and independent variables.

23. How did the temperature change in reaction A differ from that in reaction B?

Essay
Write an answer for each of the following questions on a separate sheet of paper.

24. Explain how you could find out whether an unknown liquid is water.

25. Explain the differences in finding the density of a solid rectangular object and finding the
density of an irregular solid object.

26. Explain the difference between a mixture and a compound.
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Appendix X3: Criterion-referenced Chapter Pretest (Test B)

Introduction to Matter (continued)

Using Science Skills
Use the diagram to answer each question.
Densities of Some
Common Materials
Materied Density {e/cn’)
Air Qo3
Fasaline 07
Waad {oak) N
Water fice) og
Water (liguid) i
Alrimirmim 27
Steal &
Sifver fox
Lead fi3
Marcery f35
Feded 123

27. If samples of silver and lead each had volumes equal to 1 cm?, which sample would have
the greater mass? What would the difference in the masses be?

28. How does the density of liquid water compare with the density of ice?

29. A 54-gram sample of an unknown material has a volume equal to 20 cm®. Based on its
density, could the sample be aluminum? Explain.
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Appendix X3: Criterion-referenced Chapter Pretest (Test B)

Introduction to Matter (continued)

Essay
Write an answer for each of the following questions on a separate sheet of paper.

30. When an electric current is passed through the water during the process of electrolysis,
two gases are formed. One gas has a boiling point of —183°C, and the other has a boiling
point of —253°C. Is this event a physical change or a chemical change? Explain.

31. Is the melting of an ice cube considering a physical change or a chemical change?
Explain your reasoning.



Appendix X4: Criterion-referenced Chapter Posttest (Test A)

Introduction to Matter
Chapter Test A

Multiple Choice
Write the letter of the correct answer on the line at the left.

1. Anything that has mass and takes up space is called
a. matter. b. energy.
c. heterogeneous. d. homogeneous.
2. What holds atoms together in a molecule?
a. density b. gravity
¢. physical bonds d. chemical bonds
3. The density of corn syrup is 1.33 g/mL, and the density of vegetable oil
1s 0.91 g/mL. Which liquid(s) will float on water?

a. both corn syrup and vegetable oil
b. corn syrup but not vegetable oil

¢. vegetable oil but not corn syrup

d. neither vegetable oil nor corn syrup

4. Soil, a salad, and sugar water are all examples of
a. elements. b. compounds.
c. mixtures. d. atoms.

5. The volume of an irregular object can be measured by

a. multiplying the object’s length, width, and height.

b. multiplying the object’s density by its mass.

c. submerging the object in water in a graduated cylinder.
d. placing the object on a triple-beam balance.

6. How do liquid water, ice, and water vapor differ from each other?

a. They are different states of matter.

b. They are different compounds.

c. They are made of different kinds of molecules.
d. They are made of different kinds of atoms.

7. One example of a physical change is

a. burning paper. b. baking cookies.

c. toasting marshmallows. d. dissolving salt in water.
8. The ability to do work or cause change describes

a. temperature. b. density.
¢. matter. d. energy.
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Appendix X4: Criterion-referenced Chapter Posttest (Test A)

Introduction to Matter

9. One example of a chemical change is

a. filtering a mixture. b. burning wood.
c. boiling water. d. crushing a can.

10. Being able to identify good sources of scientific information and apply
the knowledge to problems in your life is a part of having

a. scientific hypotheses. b. scientific inquiry.
¢. scientific literacy. d. scientific laws.

11. The metric system of measurement is based on the number

a. 1. b. 10.
c. 12. d. 100.
Completion

Fill in the line to complete each statement.

12.

13.

14.

15.

16.

Hardness, texture, color, and freezing point are examples of
properties of matter.
A(n) is a group of two or more atoms that are held together by

chemical bonds.

The fact that matter is not created or destroyed in any chemical or physical change is
called the

A(n) is formed when two or more substances are so evenly
mixed that you cannot see the different parts.

A volume of 25 milliliters is the same as a volume of cubic
centimeters.

True or False

If the statement is true, write true. Ifit is false, change the underlined word or words to make
the statement true.

17. A change that produces one or more new substances is called a physical

change.

18. A substance is a single kind of matter that has a specific composition.

19. The smallest particle of an element is called a(n) atom

20. To find the mass of a rectangular object, you multiply the object’s length,

width, and height.

21. A substance that undergoes a chemical change is still the same substance

after the change.
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Appendix X4: Criterion-referenced Chapter Posttest (Test A)

Introduction to Matter (continued)

Using Science Skills
Use the diagram to answer each question.
Densities of Some
Common Materials
Materied Density {g/cm’)
Air O3
Gasaline 07
Woad {oak) OE&S
Watar fica) ey,
Watar {Higuid) i0
Alrimirmim 27
Steal 78
Silver as
Lead 113
Mercury £35
Fald 23

22. How does the density of liquid water compare with the density of ice?

23. If samples of silver and lead each had volumes equal to 1 cm?, which sample would
have the greater mass? What would the difference in the masses be?

24. A 54-gram sample of an unknown material has a volume equal to 20 cm®. Based on
its density, could the sample be aluminum? Explain.
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Appendix X4: Criterion-referenced Chapter Posttest (Test A)

Introduction to Matter (continued)

Essay
Write an answer for each of the following questions on a separate sheet of paper.

25. Explain the differences in finding the density of a solid rectangular object and finding
the density of an irregular solid object.

26. Explain the difference between a mixture and a compound.

Using Science Skills
Use the diagram to answer each question.

(=]
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I i
= 4]
E a0 rff —a— Feaction A
E T —&—Readtion B
1

20 4
E =y
P10 i S

-
a

=

1 03 4 5 &6 7 8 9 10
Time #ninutes)

27. How did the temperature change in reaction A differ from that in reaction B?

28. Identify and label the dependent and independent variables. Describe the relationship
between the dependent and independent variables.




Appendix X4: Criterion-referenced Chapter Posttest (Test A)

Introduction to Matter (continued)

Essay
Write an answer for each of the following questions on a separate sheet of paper.

29. Explain how you could find out whether an unknown liquid is water.

30. Is the melting of an ice cube considered a physical change or a chemical change?
Explain your reasoning.

31. When an electric current is passed through the water during the process of
electrolysis, two gases are formed. One gas has a boiling point of —183°C, and the
other has a boiling point of
—253°C. Is this event a physical change or a chemical change? Explain.
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Appendix Y: Student Guidelines for the “design and build a density calculating System”
project

Grade: 8

Project Title: Design and Build a density calculating system

Project Instruction:

Design and Build a Density-Calculating System

How do you find the density of something if you don't have a balance

to measure its mass? Suppose you can't use a graduated cylinder to

measure the volume of such items as honey or table sugar. Can you

build your own balance and devise a way to find the volume of items

that are not easily measured with a ruler?

Your Goal To design and build a device for collect-

ing data that can be used to calculate the density

of powdered solids and liquids

To complete the project, you must

@ build a device to measure accurately the
masses of powdered solids and liquids

® develop a method to measure volume with-
out using standard laboratory equipment

# obtain data you can use to calculate the
density of items

@ follow the safety guidelines in Appendix A

Plan It! Preview the chapter to find out ’

how mass, volume, and density are relzted. L |
Research how balances are constructed and

how they work. Build a balance out of the
materials supplied by your teacher. Then

devise a container with a known volume that
you can use to find the volumes of your test
materials. When your teacher approves your
plan, test your system. Redesign and retest your

system to improve its accuracy and reliability. 4

(Thornton et al., 2013)

Engineering Design Process:

3

+
Spedify
Requirements

+

Brainstorm, Evaluate, e
and Choose Solution



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwi6y5na3afeAhULGnwKHdXFBA0QjRx6BAgBEAU&url=https://www.sciencebuddies.org/science-fair-projects/engineering-design-process/engineering-design-process-steps&psig=AOvVaw2h9GJZA6rjW4OdpfPxUsTR&ust=1540767818781815

Appendix Y

Use the Problem Development Checklist to help you define the problem for your

investigation.

405

In developing the problem, we considered the need for...

Yes

No

appropriateness of the content when we developed our problem.

the availability of skills and resources either in or out of the classroom.

our experience and ability level in dealing with this type of problem.

the current curriculum and learning goals of the class.

our curricular interests and learning styles.

creating a driving question.

developing individual and group evaluation strategies.

Student Project Design Plan: Please keep notes on your thoughts and background research as

you brainstorm, evaluate, and choose a design (model) for your cell project.

Individual & Group notes on the progress of the project: Please keep notes on your progress.

You may partner and work with a classmate, but remember that you are required to produce your

model and write your report. Please keep really good notes on the progress of your project.
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Appendix Y

Project Timeline: Please create a project timeline using the template below.

Task Due Date

1. Research and gather information for your
project.

2. Design and construct a balance

3. Create a scale drawing of the final product
(must be color-coded and fully labeled).

4. Select containers and develop a method to
measure the volume

5. Test Balance, redesign, and retest if
necessary.

6. Make density measurements of objects.

7. Project presentation




Appendix Y

Final Presentation Guidelines and expectations

Project Formative Assessment Rubric

407

PBL Formative Assessment Rubric

Yes

No

Classroom Climate: Students work well within the PBL structure.

Student Background Knowledge: Students have the needed
background knowledge to perform the required tasks.

Engagement with the Problem/driving question: Students engage
with the problem by sharing personal experiences.

Student Participation and Collaboration: Students volunteered to do
various jobs for their team. Students participated by generating ideas,
sharing information, and generated questions and helped develop the
team’s action plan.

Student Creativity: Students were able to use creativity to solve
problems.

Reflection and Revision: Students evaluated resources, ideas,
hypotheses, and brought up additional questions. Students provided
constructive feedback to their peers.

Use of Technology and Product Production: Students incorporated
information gathered into the product and participated in the creation of
the product and the report. Students’ were able to use technology
effectively in the process of product production.

Student Self Evaluation: Students evaluated themselves as both
individuals and the members of the group.

Determination of Mastery: The teacher to determine and evaluate
proficiency in the content evaluated in the students’ presentations and
products.

Teacher Comments




Appendix Y

Project Presentation (Summative) Assessment Rubric

Significant
Scientific Content
& In-depth
Scientific Inquiry

The presentation does

not include explanations of
central concepts of the study,
used inappropriate,

irrelevant and incorrect
descriptions of facts and

details needed to support

the project and answer the
driving question.

The presentation was not

well organized and did not make
sense.

The presentation lacked an

introduction or conclusion.

The presentation was not adequately
timed.

*The presentation included adequate

explanations of central concepts of the

study, using appropriate, relevant, and

accurate descriptions of facts and details

needed to support the project and answer

the driving question.

*The presentation was adequately
organized and made sense.

=The presentation contained an

introduction and a conclusion.

*The presentation was adequately timed.

=The presentation included
explanations of central concepts of
the study, using appropriate,
relevant, and accurate descriptions
of facts and details needed to
support the project and answer the
driving question.

*The presentation was well
organized and made sense.

*The presentation contained an
introduction and a conclusion.
=The presentation was timed well.

21* Century
Skills

=The student was unable to
demonstrate twenty-first-century
skills through participation in the
presentation and collaboration
with others, use of technology to
share main ideas, and add interest
to the team.

=Student adequately demonstrated 21%-
century skills through

participation in the presentation

moreover, collaboration with

others, some use of technology

to share main ideas and add

interest in the team

presentation.

=Student demonstrated 21*
century skills through
participation in the
presentation and

collaboration with others, use
of technology to share the main
ideas and add interest to the
team presentation.

Student
Engagement &
Participation

The student was not able to

show how the team’s

driving question/problem connected
to a real-world process, as well as
students’ interests by explaining how
they were able to make choices
regarding the products he/she
created, completed their work as
guided by the teacher.

The student was able to adequately
show how the team’s driving
question/ problem connected to a
real-world process, as well as
students’ interests by explaining how
they were able to make choices
regarding the products he/she created,
completed their work as guided by
the teacher

The student was able to

show how the team.’

driving question/problem
connected to a real-world

the process, as well as
students’ interests by
explaining how they were
able to make choices
regarding the products

he/she created, completed their
work as guided by the teacher.

408

Team Members
Participation in
Presentations

The student did not participate
in the team presentation.

Student somewhat participated
In the team presentation

The student fully participated in
the team presentation.
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Individual Student Self-Evaluation Form
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Student:

Class:

Date:

Activity

Excellent

Good

Fair

I believe I contributed ideas /facts for the benefit of the
team.

I suggested some ideas for further research and learning.

I used multiple and varied resources for the report.

I helped my team to think through problems.

I shared new information I came across with my team.

I helped my team complete tasks in a timely fashion.

Individual Student Written Reflections Instructions

In your reflections, please describe the general process followed by you (or your group) to

achieve yours (or the teams’ learning goals), your effort (or contributions to the team effort), and

suggestions for how you could improve in the future.





