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Do students gain scientific inquiry knowledge and practices by participating in a school garden
inquiry unit?

by

CARMEN ANGELICA CARRION

Under the Direction of Renee Schwartz PhD

ABSTRACT
Since the turn of the century gardens have been spaces for learning to take place. Gardens
allow for a variety of disciplines to be explored from horticulture to art. In the mid nineteen nineties a school garden movement began to grow, in the United States and by the early two thousands several states had implemented a school garden policy. The majority of school gardens focus on academic outcomes (e.g. science, math, or language arts) or health outcomes (e.g. nutrition, well-being, and self-esteem).
Currently, there is limited information about how school gardens can be places for scientific inquiry and practices to develop in students. Furthermore, more in-depth mixed-method research on school gardens and how school gardens can produce learning opportunities for scientific practices to develop need to be conducted. Future research should take a new direction. The
scientific practices created by Next Generation Science Standards (NGSS) (LeadStates, 2013)
need to be explored further in relation to how exposure to a school garden can affect these prac-

tices and knowledge about inquiry learning (Callahan, 2012; Chi, Dorph & Reisman, 2016;
Kisiel & Anderson, 2010).
Through this dissertation, school gardens can be viewed as an extension of the traditional
classroom. School gardens have the potential to foster learners’ abilities to construct real-life associations with science content due to engagement, free exploration, and scientific investigation.
This study found school gardens as an out-of-classroom setting where students have the ability to
learn and develop their understanding about scientific inquiry and scientific practices. This new
avenue may help develop better scientific literacy universally across learners. This research work
created curriculum and assessment tools to use in conjunction with an out of classroom setting
such as a school garden.
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1 CONCEPTUALIZATION OF THE PROBLEM
Introduction
The National Research Council (NRC) has expressed a need for more research on the
subject of learning in science domains to help students in K–12 education, the future members of
society, become better consumers of science and more scientifically literate (NRC, 2000, 2007,
2012a, 2012b). Scientific literacy can be defined as possessing the knowledge of science and understanding how to apply this knowledge to decisions related to personal and societal situations
that contain elements from the domain of science (Lederman, Antink, & Bartos, 2014; Roberts &
Bybee, 2014). Currently, school curricula do not create a course of study that shows how science
integrates many of the choices an individual makes throughout life. Instead, as pointed out by
Roberts in 2007 and then again in 2014, educators and researchers need to create school curricula
which illuminate how science penetrates into and interacts with many areas of human accomplishments and life situations, including political, economic, and ethical issues (Roberts &
Bybee, 2014).
One avenue that could allow scientific literacy to connect with an individual is from a citizen science perspective or a science-for-all approach (Lederman, Antink, & Bartos, 2014). From
this approach, students align their understanding of science with an everyday situation that is relevant to each of them. Different forms of citizen science include but are not limited to: environmental quality, resource use, personal health, and decision-making about socio-scientific issues.
By exposing students to a citizen science curriculum, students can begin to see how classroom
science relates to their own lives. Students learn how science fits into their own personal and societal perspectives, which facilitates comprehension of more complex issues. Therefore, the goal
is to make the classroom a space where students can be taught and become prepared to deal with
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these socio-scientific issues (Lederman, Antik, & Bartos, 2014). Students need to learn, to dialogue, and to investigate how to solve an issue and make decisions about that issue. This process
matches how scientists and researchers make explanations and claims in science itself (Roberts
& Bybee, 2014). However, for a classroom space to really emphasize a science-for-all approach
and for scientific literacy to develop, the curriculum must relate to personal and societal issues
experienced by the students (Lederman, Lederman, & Antik, 2013; Lederman, Antik, & Bartos,
2014; Roberts & Bybee, 2014). By implementing a curriculum that helps students better understand what is happening in their everyday lives, the curriculum exposes students to the necessary
skills and knowledge to allow for more informed decision making on political, economic, and
ethical issues.
To demonstrate scientific literacy, the individual must have some understanding of the
content knowledge, the nature of science (NOS) knowledge, and knowledge of the nature of scientific inquiry (NOSI). Essentially, for an individual to make an informed decision about a scientifically-based issue, the individual must be able to evaluate the claim and evidence related to the
scientific knowledge, NOS, and how this knowledge is developed through the process of scientific inquiry (NOSI) (Bell, Lederman, & Abd-El-Khalick, 2000; Eastwood, Sadler, Zeidler,
Lewis, Amiri, & Applebaum, 2012; Lederman, Lederman, & Antik, 2013; Sadler, Chambers, &
Zeidler, 2004; Zeidler, Walker, Ackett, & Simmons, 2002).
The following sections discuss how NOS and NOSI have confused educators about the
“knowing” and “doing” of science and how the process of scientific inquiry has been misinterpreted by both teachers and students. In addition, there is discussion about how the Next Generation Science Standards (NGSS) (Lead States, 2013) practices may lead to knowledge and under-
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standing about the NOS, the NOSI, and the development of scientific literacy when aligned with
aspects of the NOSI.
Nature of Science and Nature of Scientific Inquiry
The construct of the nature of scientific knowledge has been studied since the turn of the century,
and to this day there is still not a consensus for what exactly it is. However, there is general consensus as to what is relevant and accessible to K-12 learners. For purposes of this study, NOS is
defined as the epistemology of science, or the values and beliefs inherent to the development of
scientific knowledge (Lederman, 1992). Both NOS and NOSI can be broken down into specific
aspects. NOS can be generalized into seven aspects focused around the features of knowledge
that make knowledge “scientific”, 1) tentativeness, 2) subjectivity, 3) empirically-based, 4) imagination and creativity, 5) socio-cultural embeddedness, 6) distinction between observation and
inference, and 7) relationships between scientific theories and laws (Lederman, 1992).
Across three separate domains – philosophy, psychology, and science education – there is
agreement that there are underlying structures to the process of inquiry (Osborne, 2014a, 2014b).
These structures assist an individual in developing knowledge about science. For this study, the
definition of scientific inquiry is framed using Bybee’s (2004) explanation of the process. Bybee
distilled scientific inquiry into three constructs, all of which integrate with one another. Scientific
inquiry is a process consisting of: 1) skills of inquiry, 2) knowledge about scientific inquiry, and
3) pedagogical approaches for teaching science content (Bybee, 2004). This study investigates
the first two constructs: skills of inquiry (i.e., what students should be able to perform and do,
also known as “practices”), and knowledge about scientific inquiry (i.e., what students should
understand and knowledge related to this process) (Bybee, 2014; Schwartz, Lederman, & Crawford, 2004). Scientific inquiry focuses on scientific investigations where the learner is using both
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inquiry practices and conceptual thinking to solve a problem (Duschl, Schweingruber, & Shouse,
2006; Zimmerman, 2000; 2007). Learners engage in some or all components of scientific inquiry, such as designing experiments, evaluating evidence, and forming or revising theories during their investigation (Kuhn, 2002; Kuhn, Iordanou, Pease, & Wirkala, 2008; Schauble, 1996;
Zimmerman, 2007). Understanding the nature of scientific inquiry, including its characteristics,
is known as NOSI; it is defined as the methods and processes that assist an individual in the development of scientific knowledge and understanding about the processes of inquiry (Bybee,
2004, 2014; Schwartz, Lederman, & Crawford, 2004). NOSI has been refined into eight general
aspects focused on the process of inquiry: 1) questions to guide investigations, 2) multiple methods of scientific investigations, 3) inquiry procedures guided by the question asked, 4) all scientists performing the same procedures may not get the same results, 5) inquiry procedures can influence results, 6) sources of, roles of, and distinctions between scientific data and scientific evidence, 7) research conclusions must be consistent with data collected, and 8) explanations are
developed from a combination of collected data and what is already known (Lederman et al,
2014). Understanding the aspects across both NOS and NOSI can ultimately assist an individual
in creating scientific knowledge which may then help develop their scientific literacy. The inconsistency in defining what scientific inquiry (SI) is began in the early 1990s. This led many educators to believe that inquiry meant doing or hands-on learning (Bybee, 2004; Crawford, 2014). By
the early 2000s, many researchers in the fields of the learning sciences and science education
discerned that inquiry was being used as merely a teaching method rather than a body of
knowledge. Teachers and students could perform SI, but they could not explain what kind of
knowledge was developed from this process or why certain practices were used. No meaningful
understanding was found when teachers and students were performing the practices found in in-
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quiry. By 2014, researchers and educators created both a learning resource, Next Generation Science Standards (NGSS) (Lead States, 2013), and an assessment tool, Views About Scientific Inquiry (VASI), to aid the research targeting learners’ comprehension of foundational aspects of
scientific practices, i.e., knowledge about the process of scientific inquiry (Lederman et al,
2014).
Next Generation Science Standards
The Next Generation Science Standards (NGSS) were created as a way to aid students
and teachers in developing science learning using three dimensions: science and engineering
practices, cross-cutting concepts, and disciplinary core ideas (NGSS Lead States, 2013). The idea
for this framework is that students should be exposed to different disciplinary core ideas in the
context of science and engineering practices. Cross-cutting concepts are the larger ideas that
connect and relate different science disciplines; they are embedded within the practices and disciplinary core ideas. All three of these dimensions are integrated. The creators of this framework
understood that students cannot fully develop understanding about scientific or engineering ideas
without engaging in the practices of inquiry and the discourses from which ideas and theories
can be developed and refined (NGSS Lead States, 2013).
NGSS focuses on two defining characteristics: “an emphasis to provide a key tool for understanding or investigating more complex ideas and solving problems” and the idea that “scientific investigation requires not only skills but also knowledge that is specific to each science
practice” (National Governors Association Center for Best Practices & Council of Chief State
School Officers, 2010; NGSS Lead States, 2013). From these characteristics, NGSS attempts to
provide a fundamental framework to assist educators and students in developing an understanding about inquiry and the type of knowledge created from this process (NGSS Lead States,
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2013). Within the NGSS (Lead States, 2013) framework are eight key practices for learning science: 1) asking questions, 2) developing and using models, 3) planning and carrying out investigations, 4) analyzing and interpreting data, 5) using mathematics and computational thinking, 6)
constructing explanations, 7) engaging in argument from evidence, and 8) obtaining, evaluating,
and communicating information. These practices are based on problem solving and investigating,
which lead to the generation of new scientific knowledge. The NGSS framework captures the
complexity and the process of scientific discovery (Quinn, Schweingruber, & Keller, 2012).
Direct involvement with the practices is of the utmost importance because the involvement allows the learner to grasp the wide variety of approaches or methods used during an investigation (Osborne, 2014a, 2014b). Many researchers in science education emphasize the importance of the engagement with these practices (Crawford, 2014; Osborne, 2014). However, this
engagement does not only mean the “doing” or “performing” of the practice; engagement also
encompasses cognitive engagement. Osborne (2014a, 2014b) explains that the engagement of the
practice only has value to the learner if: a) it helps the learner develop a deeper and larger understanding of what current science knowledge is known and the epistemic and procedural constructs that guide the practice of science, b) it is a more effective means of developing science
knowledge, and c) it presents a more authentic experience of the endeavor that is science. NGSS
supports these science practices because they parallel what scientists and engineers do in the
field (NGSS Lead States, 2013). Therefore, students need to engage in the practices to have a
more holistic understanding of how these practices help not only to create new scientific
knowledge but also how the overall process of scientific inquiry is intertwined with these practices (Osborne, 2014a). By engaging in science practices, the student gains procedural
knowledge and could gain epistemic knowledge if explicitly taught the do and the know (Craw-
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ford, 2014; Osborne, 2014a, 2014b). The do is how a student applies or performs a practice. The
know is the knowledge behind why a practice was chosen. Students need the engagement with a
practice to understand how the practice fits into the overall process of scientific inquiry. In addition, with the engagement are explicit connections by the instructor and points of reflection by
the students during the experience. All of these concepts help students to develop deeper understanding of NOSI.
The NGSS (Lead States, 2013) framework also ties back to aiding individuals in becoming more scientifically literate. By participating in these practices, learners begin to form an understanding of the cross-cutting concepts and disciplinary core ideas of science and engineering
that lead to knowledge becoming more meaningful; this scientific knowledge becomes embedded more deeply into their world views (NGSS Lead States, 2013). Students can then relate these
worldviews about scientific knowledge with personal and social issues that are relevant to them.
Critically thinking about the practices and these larger cultural views can lead to thinking scientifically which aids in the development of scientific literacy. However, questions remain: 1) How
do educators and researchers put NOS, NOSI, and NGSS into practice, and how do educators
and researchers assess understanding of these concepts? 2) What are youth doing and learning in
varying education contexts? Researchers in the Lederman group (2014) recognized one of these
gaps and created an instrument that aligns with NGSS practices and NOSI. This instrument,
Views about Scientific Inquiry (VASI), investigates how individuals understand scientific inquiry
and the practices that occur during scientific inquiry. With this instrument, researchers can now
assess how teachers and students understand the NOSI. It is more difficult to answer the second
question due to limited research investigating how educational contexts affects NOSI and practices. This second question is explored more thoroughly in a later section.

7

8

Next Generation Science Standards and Nature of Scientific Inquiry
All eight aspects of NOSI align with the eight NGSS practices. With these NGSS practices, educators and researchers have another tool to assess students’ and teachers’ understandings
of NOSI. Table 1 below, displays how the NGSS practices align with the aspects of NOSI (Lederman et al, 2014). Note that certain practices may align with several aspects.

Table 1. NGGS Practices and Aspects of NOSI
NGSS Practice
1. Asking questions

Aspects of NOSI
Scientific investigations all begin with a question and do not necessarily test a hypothesis.

2. Developing and using models

Explanations are developed from a combination of collected data and what is already
known.

3. Planning and carrying out investigations

There is no single set or sequence of steps
followed in all investigations.
Inquiry procedures are guided by the question
asked.

4. Analyzing and interpreting data

All scientists performing the same procedure
may not get the same results.
Inquiry procedures can influence results.

5. Using mathematics and computational
thinking

Inquiry procedures can influence results.

6. Constructing explanations

All scientists performing the same procedure
may not get the same results.
Research conclusions must be consistent with
the data collected.
Explanations are developed from a combination of collected data and what is already
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known.
7. Engaging in argument from evidence

Scientific data are not the same as scientific
evidence.
Research conclusions must be consistent with
the data collected.
Explanations are developed from a combination of collected data and what is already
known.

8. Obtaining, evaluating, and communicating
information

Explanations are developed from a combination of collected data and what is already
known.

It should be understood that even with the creation of a framework and an assessment
tool, both NOSI and the associated practices are difficult to assess (Capps & Crawford, 2012;
Osborne, 2014b). This difficulty stems from the type of context or content in which NOSI and
these practices are performed. Capps and Crawford (2012) explain how researchers and educators should look at how context plays a role in learning in order to develop a true understanding
about NOSI and the practices involved. NGSS (Lead States, 2013) echoes this support in the
framework by describing that a learner cannot learn or show competence in practices except in
the context of specific investigations. A fundamental aspect of NOSI is how the driving research
question will guide how the investigation will be performed (Lederman et al, 2014). Nevertheless, when creating a driving question, knowledge about the context and setting influences this
fundamental aspect and practice.
The following section discusses situated learning in relation to context and how context
sets the stage for both scientific inquiry and the performance of scientific practices. An individual may perform an investigation in one manner depending on the context; just as how context
may influence an individual’s choice to perform one practice rather than another.
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Context, NGSS, and NOSI
By the early 1990s researchers from across psychology and education began to investigate context and learning. Context and setting can affect the overall learning experience for an
individual because the context emphasizes what activities and interactions are specific to the
chosen context (Brown, Collins, & Duguid, 1989; Lave, 1988; Lave & Wagner, 1991). This can
range from an individual participating in laboratory rotations to an individual learning directly
from an expert. In both scenarios, the circumstances in which the individual is exposed to provides some guidance and context of what to expect. For example, in the domain of linguistics, a
learner can study using a dictionary to increase his vocabulary but this is a solitary interaction;
when the same individual practices vocabulary with a native speaker, the learner can learn aspects of how words are used in the native speaker’s home culture and how these words are used
in everyday interactions. Alternatively, in the field of science, the arrangement of a biology investigation is different than the arrangement of a physics investigation; from the context of the
investigation, an individual can tell what type of investigation to conduct. The context primes the
student to understand what kinds of questions to ask and how to create an investigation that directly aligns with the context (Lederman, Antink-Meyer, & Bartos, 2012).
This context perspective has become an avenue for science learning and has gained momentum in the field of science education over the last decade. Researchers in this field began to
ask, “Does context or setting affect NOSI and students’ science practices?” Schwartz and Crawford first began questioning how context affected learners’ understanding about NOSI in 2004.
They determined that a more authentic context allows for a more transparent use of practices
(Schwartz & Crawford, 2004; Schwartz, Lederman, & Crawford, 2004). The authentic experience allowed students to connect the understanding behind the application of a practice. Howev-
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er, they identified an even more interesting revelation in these authentic contexts in that the process of inquiry is nonlinear (Crawford, 2012, 2014; Schwartz & Crawford, 2004; Schwartz, Lederman, & Crawford, 2004). The students in these studies performed scientific inquiry in a manner more similar to that of professionals. Students were not simply going step-by-step, but instead they would return to previous steps to redefine a question or to collect more data; the students’ path of inquiry appeared to be more like a spider web rather than a line or circle. By 2014,
both Crawford (2014) and Osborne (2014) echo one another in how context and setting create
the background for why an investigation will be conducted. These authentic contexts and experiences emphasize the use of scientific inquiry. In addition, science practices are influenced by
specific context as well.
The majority of current NOSI and science practices research takes place in formal settings such as laboratories or classrooms. However, beginning in 2012 researchers and educators
across various disciplines began to discuss a need for more research in informal or out-ofclassroom settings, e.g., museums, aquariums, gardens, science centers (NRC, 2012a; NRC,
2012b). Researchers are now asking: “Does setting allow students to create more knowledge
about the processes of scientific inquiry or does setting allow students to better understand how
to apply a science practice?” More research is needed to investigate the effect of setting on
knowledge about NOSI and the application of science practices. This push for more research in
out-of-classroom settings is noted in the Framework for K–12 Science Education, Next Generation Science Standards, and the NRC “Informal Environments Report” aligns exactly with what
science educator researchers have discussed in situated learning research (Bell, Lewesiten,
Shouse, & Feder, 2009; NGSS Lead States, 2013; Quinn, Schweingruber, & Keller, 2012; Sacco,
Falk, & Bell, 2014). Researchers and educators across disciplines understand that science should
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not be limited or constrained to inside school classroom settings; students need to make associations with everyday science phenomena (Sacco, Falk, & Bell, 2014; Tal & Dierking, 2014). Instead, learning science in specific contexts or settings may be more beneficial to students than
school science, i.e., science taught in everyday classrooms. In fact, everyday locations like
school gardens, outdoor classrooms, or grassy fields might better facilitate scientific inquiry and
understanding the knowledge behind the application of these scientific practices. These out-ofclassroom settings allow students to experience science in a more digestible manner because the
students are situated in the context, thereby creating knowledge of situations that relate specifically to them; the students are exposed to science in a manner in which they can make associations (Bell, Lewesiten, Shouse, Feder, 2009; Bell, Falk, Hughes, Hunt, Parrish, Ruffin, & Troxel,
2016; Sacco, Falk, & Bell, 2014; Tal & Dierking, 2014).
Currently, there is a gap in the research investigating how knowledge is created through
the processes of scientific inquiry in out-of-school settings and the application of this knowledge
through scientific practices. This study examined how context such as an out-of-classroom setting, i.e., a school garden, may affect knowledge and practices associated with NOSI when assessed through the combined lens of scientific practices from NGSS and the aspects of NOSI.
This dissertation addresses the lack of research investigating the effect of out-of-classroom settings, i.e., school garden, on knowledge created through the processes of scientific inquiry and
the application of this knowledge about scientific inquiry through the skill set of scientific practices.
Problem Statement
The overarching goal emphasized across NRC (1996, 2000, 2012), AAAS (1993), and
NGSS (Lead States, 2013) is for all individuals in grades K–12 to become more scientifically
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literate. Completion of this goal should yield individuals who are better consumers of science
and better able to understand how the natural world works. Various concepts may guide an individual in developing scientific literacy; for this dissertation, the constructs of NOS, NOSI, and
the scientific practices are explicitly explored. These three constructs may facilitate the creation
of new knowledge while conducting a scientific endeavor (Bybee, 2004; Roberts, 2007; Roberts
& Bybee, 2014). This study was structured to focus on the processes of scientific inquiry (SI).
During these processes, an individual may create knowledge. This new knowledge may be understanding the nature of scientific inquiry [NOSI] or applying a specific scientific practice to a
particular context. Both understanding and creating knowledge about the processes of scientific
inquiry and how the application of different practices can be used in NOSI can help an individual
to develop scientific literacy.
Research conducted over the last two decades still depicts that there is little empirical evidence to explain how SI is best learned by students (Crawford, 2004, 2014; Schwartz, Lederman, & Crawford, 2004; Osbourne, 2014a, 2014b). Furthermore, the notion of context and setting as an avenue to help develop SI is an area in the literature that needs to be explored further.
Consequently, there is little to no empirical evidence on context, specifically on out-of-classroom
settings, and how these settings facilitate the development of knowledge about the process of
scientific inquiry (NOSI) and the application of scientific practices (NGSS practices).
This study helps to close this gap by investigating how an experience in an out-ofclassroom setting in the form of a school garden intervention can help students develop
knowledge and understanding about the NOSI and to how to perform science practices in specific settings. From this intervention, students may develop a better understanding of why scientists
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and engineers use scientific inquiry to problem solve and how different scientific practices are
applied to specific problems.
In the current field of out-of-classroom setting research, researchers and educators have
not found an instructional method or curriculum that best develops a learner’s knowledge about
the process of SI and an instructional method or curriculum that teaches students how context
can influence how specific scientific practices are applied. A new avenue of research needs to
investigate the process of SI and the application of practices in out-of-classroom settings.
In addition, it should be noted that the majority of studies discussing SI are conducted in
formal settings. A formal setting is a space in which a learner is typically in a controlled environment (Hofstein & Rosenfeld, 1996). A controlled environment can be a laboratory or a traditional classroom. However, everyday science phenomena do not occur in controlled settings;
therefore, these formal settings do not always provide students with an authentic experience with
science phenomena (Adams, Gupta, DeFelice, 2012; Montgomery, 2008). Instead, an out-ofclassroom setting may be the missing link to help students better understand the processes of scientific inquiry.
Out-of-classroom settings, e.g., a school garden, museum, or aquarium, can be viewed as
the link between traditional classroom science and authentic, “real world” science (Rennie, 2007,
2014). These out-of-classroom settings have the potential to foster learners’ ability to construct
real life associations with science content through engagement, free exploration, and the process
of SI (Sacco, Falk, & Bell, 2014). The current gap in out-of-classroom setting research does not
inform scientists or educators about the kind of curricula, instructions, or assessments to use
when teaching in this type of setting. In particular, current research on SI does not clarify whether students are gaining knowledge about the processes of scientific inquiry due to the actual set-
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ting or due to the instruction. Furthermore, literature on scientific practices does not fully explore how setting may affect how a student understands and applies a specific science practice.
The goal of this research is to investigate the process of SI in out-of-classroom settings and the
application of science practices in these environments to find new avenues to help develop scientific literacy in K–12 learners. For this study, the specific questions that will guide this research
are:
(1) How does participation in the school garden inquiry unit affect students' understanding of
the nature of scientific inquiry?
(2) How does participation in the school garden inquiry unit foster students' scientific practices?
Future work may need to focus on curricula and assessment tools of out-of-classroom settings that both educators and researchers may utilize to investigate if knowledge about the process of scientific inquiry is occurring in the out-of-classroom settings and how science practices
are developing and applied in specific out-of-classroom settings.
Significance
Currently, there is a dearth of research on student experiences in out-of-classroom settings, i.e., school gardens, and how this novel setting can facilitate more knowledge and understanding about the processes of scientific inquiry. In addition, researchers need to explore how
these settings, i.e., school gardens, affect the development and application of science practices. It
is of utmost importance to understand whether out-of-classroom settings can be a new avenue to
promote more understanding and knowledge about SI and how specific science practices are performed due to specific settings, see Figure 1 below.
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Figure 1. Venn diagram representing the four constructs and how each have a role in the intervention. The intersect of these constructs is circled in red.

Figure 1 visually depicts the interplay between the four major constructs in this dissertation: scientific inquiry, NGSS/NOSI, out-of-classroom setting (school-garden), and skills professional scientists and engineers perform throughout their career. These constructs will be explored
further in later chapters.
Consequently, there is limited information about how an out-of-classroom settings can be
a place for students to develop knowledge about NOSI and how students perform specific science practices due to setting. There is even less information about using the context of a school
garden as an avenue to teach these two concepts. This lack of information provides a crucial opportunity to research out-of-classroom settings and how these settings produce learning opportu-

16

17

nities for NOSI. In addition, the scientific practices within NGSS (Lead States, 2013) need to be
explored further in relation to how exposure to out-of-classroom settings can foster these practices and serve as a means for developing understanding about NOSI (Callahan, 2012; Chi, Dorph
& Reisman, 2016; Kisiel & Anderson, 2010).
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2 REVIEW OF THE LITERATURE
The following sections in this chapter will set the stage for understanding the various
constructs that play a role in this dissertation. The constructs of the nature of science (NOS), the
nature of scientific inquiry (NOSI), and how setting may influence learning the process of scientific inquiry (SI) and practices will be explored.
Nature of Science
The construct of the NOS knowledge has been studied since the turn of the century, and
to this day there is still not a unified consensus over what exactly NOS is. For purposes of this
study, NOS is defined as the epistemology of science, or the values and beliefs inherent to the
development of scientific knowledge (Lederman, 1992). Due to the lack of consensus over what
exactly constitutes NOS, this dissertation’s foundation is built using the Lederman (1992) construct of seven aspects of NOS, see Table 2 below. These aspects are generalized because they
can be seen across all disciplines in science. These aspects are characteristics for scientific enterprise (Lederman, 1992; Lederman & Lederman, 2014; Lederman, Lederman, & Antik, 2014).
Table 2. NOS Aspects and Descriptions
Aspect
Tentativeness

Description
Scientific is subject to change due to new observations and technology. Also, reinterpretations of existing data can lead to change.

Empirically-based

Scientific knowledge is based on and/or derived from observations of the natural world.

Subjectivity

Current scientific theories and laws influence
Science. Also, personal subjectivity due to the
personal values, agenda, and prior experiences of scientists.

Imagination/creativity

Scientific knowledge is created from human
imagination. This involves the invention of
explanations as well as how data is interpret-
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ed.
Sociocultural embeddedness

Science is a human endeavor and is influenced by society and culture. The values of
the culture determine what and how science is
conducted, interpreted, accepted, and utilized.

Distinction between observation and inference

Science is based on both observations and inferences. Observations are collected through
the human sense or extensions of those senses. Inferences are interpretations of these observations. The perspective of the scientist
and current culture guide both observation
and inferences.

Relationships between scientific theories and
laws.

Theories and laws are both different types of
scientific knowledge. Laws describe relationships observed or perceived from phenomena
in nature. Theories are inferred explanations
for natural phenomena. A theory or law may
be created with the accumulation of substantial supporting evidence and acceptance in the
scientific community. Furthermore, laws and
theories do not progress from one another,
there is no hierarchy, because laws and theories are fundamentally different and function
differently from one another.
(Schwartz, Lederman, & Crawford, 2004)
These seven aspects work with one another and cannot be teased apart (Schwartz, Le-

derman, & Crawford, 2004). Each of these aspects is always influenced by culture and society as
well as the theoretical framework and personal subjectivity of the scientist or researcher who is
conducting the work.
Since the early 1990s, researchers have realized that many teachers and their students
lack adequate understanding of NOS (Lederman & Lederman, 2014). One reason for this may be
that teachers and students are not given the learning opportunities or experiences to conduct scientific investigations (Lederman & Lederman, 2014). The American Association for the Advancement of Science [AAAS] (1993) and the National Research Council [NRC] (1996, 2000,
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2002) have recommended that K-12 science education begin with learning about the nature of
science through the processes of science. Therefore, NOS has been conflated with science processes when science processes are more in line with SI (Lederman, Antink, & Bartos, 2014). Recall that NOS is the values and beliefs inherent to the development of scientific knowledge, not
the processes conducted during the endeavor of science (Lederman, 1992). In the early 2000s,
researchers in science education and the learning sciences began to explore how inquiry could be
used as a tool to teach about science as well as its own body of knowledge. The NOS research
began a new vein of work specifically about inquiry and how inquiry is an avenue for learning
about the large overarching concepts that make up the nature of science.
Both NOS and inquiry interact and integrate with one another. Scientific processes
should be understood as the activities or tasks related to collecting or analyzing data, e.g., observing. These science processes align with tasks and activities which may be demonstrated
through the process of inquiry. Therefore, the recommendation to conduct more NOS investigations has actually caused confusion about ways to teach NOS. The use of inquiry to aid in teaching students about the seven aspects of NOS has caused many educators to view “inquiry” as only a teaching method rather than both a teaching method and an educational outcome (Crawford,
2014).
Scientific Inquiry
The use of inquiry with scientific investigations was first brought to the forefront of education research by the NRC (1996). The NRC wants K-12 education to instill in its students that
the process of inquiry is how scientists understand and explain the natural world. In addition, the
NRC wants educators to acknowledge the differences and variety of approaches among the different disciplines within the domain of science (Bybee, 2004).
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Inquiry is a process that involves skills or practices and the understanding of knowledge
about the process of investigating. Inquiry is a method for an individual to learn what is unfamiliar by relating it to what is already familiar (Bybee, 2004). There is disagreement over what is
defined as inquiry, and this disagreement may be why inquiry is not necessarily seen in many
current classrooms (Crawford, 2004, 2007, 2014). Inquiry as a teaching strategy should capture
the spirit of scientific investigations and the development of knowledge from the natural world.
Inquiry is a method of engaging students in designing and carrying out investigations. The student learns science subject matter by engaging in these investigations (Crawford, 2014). Students
should not be passively listening or taking notes while the teacher is performing the investigation. Instead students should be actively trying to connect the material with their prior knowledge
as well as trying the investigations themselves. In addition, inquiry units cannot be overstructured and guided by step-by-step instructions. Teaching inquiry, according to Bybee (2004),
centers on the learner’s mental activity: aligning prior knowledge with new knowledge, creating
connections between the investigation and phenomena, and deciding when to conduct specific
practices. These mental activities become scientific inquiry in orientation because the learner is
producing questions or conducting investigations about natural phenomena. The goal of scientific inquiry is to develop explanations connected to current scientific knowledge; it has elements
of justification, and it communicates new knowledge to peers.
Due to the desired change and reform suggested by the NRC (1996, 1998, 2000) and
AAAS (1993), inquiry began to be implemented in classrooms across the country from the early
1990s to today’s classrooms. During the first decade, the term “inquiry” was synonymous with
performing skills or doing science. The research group of Krajcik, Blumenfeld, Marx, Bass,
Fredricks, and Soloway (1998) demonstrated with a nine-month case study how eight urban
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middle school students were able to learn concepts from inquiry through investigations such as
asking questions and designing investigations in their science classrooms. However, the students
did not understand how they were gaining knowledge through the creation and implementation
of their investigations. In addition, this study exposed how science teachers themselves needed
help in understanding how to implement inquiry activities as well as a deeper understanding behind the process of inquiry. The students in this study needed more scaffolding to create meaning
from their investigations but the teachers did not have the tools or knowledge to assist these eight
students. In a similar methodological approach, Barbara Crawford (2000) observed and centered
a study on one experienced high school biology teacher. He developed an “inquiry-based environment” for his students as well as intertwining inquiry-based instruction with his classroom
practices. Crawford found that student learning was highly correlated with the teacher’s role in
the classroom. Analysis of the nine lessons found that “collaborative inquiry” was being used;
students were the driving force behind their investigations. Crawford observed that the teacher
took a more interactive role to help students create connections between the ecology content and
the inquiry-based lessons. However, unlike in the previous study by Krajcik et al (1998), the
teacher in this Biology class was experienced with the process of inquiry and he felt comfortable
explaining the process to his students in the form of nine different lessons. To further explore if
inquiry can be taught through participating in inquiry-oriented projects and investigations, Bell,
Blair, Crawford, and Lederman, (2003) investigated an apprenticeship program between professional scientists (mentors) and high schoolers (mentees). Mentors claimed students would understand the nature of inquiry by engaging in lab work. However, the majority of students did not
develop a deeper understand about the process of inquiry. Instead, this study revealed how mentors made assumptions about their students’ learning and comprehension without even discussing
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the concepts with the mentees. Researchers in this study realized that explicit connections were
needed for the mentees between their field or laboratory work and how it related to the larger
aspects of inquiry. In addition, mentors needed to be more overt when assisting a mentee in
overcoming a misconception (Bell, Blair, Crawford, & Lederman, 2003). As discussed in this
article and the two previous articles, students were experiencing more inquiry in the classroom
and were participating in inquiry tasks but still were not always learning from these inquiry experiences.
By the mid-2000s some change could be identified in inquiry-based science, predominately in how curriculum and activities aligned with standards regarding the process of inquiry.
In 2004, the Marx et al (group) conducted a three-year longitudinal study, with Detroit city
schools. Urban middle-schoolers and teachers were exposed to a new inquiry project curriculum
using learning technologies software (Marx, Blumenfeld, Krajcik, Fishman, Soloway, Geier, &
Tal, 2004). Teachers in this study received professional guidance to develop understanding about
the inquiry curriculum and implementation. Findings did demonstrate that student learning could
occur with the use of inquiry-based curriculum but the findings also highlighted the fact that
teachers were the largest contributing factor in hindering student learning about inquiry. Researchers found that the more consistent a teacher was in attending professional development and
working with the curriculum, the easier it was for the teacher to instruct and use the inquirybased activities which led to higher learning outcomes for students in classes with experienced
teachers (Marx, Blumenfeld, Krajcik, Fishman, Soloway, Geier, & Tal, 2004).
By 2010, the majority of science curriculum in the middle grades aligned with national or
state standards. Classroom activities and tasks also aligned with standards over the process of
inquiry (Trundle, Atwood, Chrsitopher, & Sackes, 2009; Wolf & Fraser, 2007). Notably, numer-
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ous inquiry studies investigating classroom inquiry have very similar findings about student
learning. Students were gaining some knowledge by performing inquiry; from classrooms to laboratories students were performing inquiry in various environments. Across these studies similar implications have been noted; students were not reflecting on why they were performing
these investigations and teachers were not facilitating students in making connections about
knowledge made by using the process of inquiry (Maulucci, Brown, Grey, & Sullivan, 2014;
Trundle, Atwood, Christopher, & Sackes, 2009; Wolf & Fraser, 2007; Yager & Akcay 2010).
In reality, what researchers found is that the inquiry-oriented curriculum is not sufficient
for student learning about the process of inquiry. Inquiry research revealed how the teacher’s
role is a crucial piece in understanding the inquiry process. Teachers are a driving factor in how
students come to comprehend the process of inquiry (Yager & Akcay, 2010). Teachers must facilitate discussions about why professionals perform inquiry and how inquiry applies to the domains of science and engineering. Instead, some teachers are enabling students by only having
students perform inquiry skills. These teachers should also be asking students what knowledge
they are gaining by performing inquiry. In this new vein of research, results demonstrate that inquiry-oriented activities are not of most value to help students understand how this process creates new knowledge (Maulucci, Brown, Grey, & Sullivan, 2014; Trundle, Atwood, Christopher,
& Sackes, 2009; Wolf & Fraser, 2007; Yager & Akcay 2010). The driving factor in how students
comprehend the process of inquiry is the teacher (Yager & Akcay, 2010). Teachers must facilitate discussions. However, some teachers hinder students by only having students perform inquiry skills. Instead, these teachers should also ask students what knowledge they gain by performing inquiry and the overall inquiry experience. From these inquiry studies, the results indicate that teachers were not explicitly making connections for students discussing how inquiry
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activities foster the creation of new scientific knowledge. In addition, students were not reflecting on how inquiry from both a curriculum and instructional perspective related to how they associated with everyday science phenomena and problem solving.
As discussed with these various studies about inquiry in the classroom, for almost two
decades inquiry was simply viewed as the doing of science. In reality, inquiry does not translate
to hands-on or discovery learning. Students cannot simply only display the process; they must
demonstrate understanding and knowledge about the process. A common misconception about
inquiry is that only certain disciplines can be grounded in inquiry when, in reality, inquiry is not
situated in a subject matter. The overall process of inquiry is consistent among all disciplines of
science (Crawford, 2004, 2007, 2014).
As more teachers began using inquiry to teach science and NOS, researchers began to realize that by doing inquiry, students were not assisted in developing an understanding of or
knowledge about why the process of inquiry is performed. Consequently, students could not
learn this new concept if teachers were also confused and unsure how to teach the concept. Lederman (1998) first noticed this in his yearlong case study in which five biology teachers were
followed. The findings from the study demonstrated that teacher experience, intention, goals, and
understanding of NOS influenced their classroom practice. Students did not learn from teacher
modeling or demonstrations. Lederman noted how teachers needed to address NOS aspects with
explicit instruction and connection to an activity for students to grasp a more meaningful understanding. Even though this article focused on NOS, it is an example of the importance of the
teacher as the liaison between new material and the tasks being performed by students. Four
years later after the Lederman (1998) biology teacher paper, he teamed up with another researcher, Schwartz, and continued work investigating teachers, NOS, and inquiry. They found that the
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teacher’s knowledge over a content area along with the teacher’s intention behind learning a
concept highly influenced how the teacher would teach NOS and whether students would learn
the NOS material (Schwartz & Lederman, 2002). When teachers understood the aspects of NOS
and practiced implementing activities, the students of these teachers would actually learn more
about NOS than teachers who did not feel confident and were new to the material. In addition,
Schwartz and Lederman (2002) found that it was difficult for teachers to teach NOS if the teachers themselves held naive views. Teachers must want to understand NOS and inquiry for it to be
seen in their classroom instruction. Teacher knowledge and teacher intentions are key components to learning these abstract aspects.
Abed-el-khalick et al (2003), created a special article describing the current issues at the
time concerning inquiry in science education across six different countries on three continents.
These researchers wanted to illuminate the similar issues around the term “inquiry.” They explained how inquiry cannot be taught directly. Instead, inquiry is learned through experience and
interaction. They noted how teachers need more pedagogical experiences in using inquiry during
classroom practice. The major issue identified across the countries was that teachers were making assumptions about their students’ learning. They were assuming that because their students
have been exposed and have gone through the motions of inquiry that their students had implicitly learned what inquiry is. Overall, this international article pointed out how more research is
needed about students and the process of inquiry, as well as about teachers and how they teach
inquiry to their students.
Many of the international authors met together less than a year later to write a book about
scientific inquiry and NOS (Flick & Lederman, 2004). This was one of the first books published
that teased apart what science educators and learning scientists were observing in science class-
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rooms around the early 2000s. Throughout the book, the authors described how teachers in the
early 2000s were not equipped to teach inquiry. Teachers did not necessarily see the connections
between NOS and inquiry. Researchers of this book expressed how teachers needed more scholarship in the areas of inquiry. This scholarship may help some teachers dispel some of their misconceptions about NOS and inquiry. Teachers do have the ability to create more inquiry-oriented
classrooms but teachers need additional guidance. Lastly, various chapters noted how teachers
needed to create complex interactions with their students. It is through these interactions that
more learning opportunities may occur.
The studies described to this point helped Schwartz, Lederman, Khishfe, Lederman, Matthews, and Liu, (2002) further their NOS and inquiry research to include an instructional approach. These researchers were interested in how explicit instruction relevant to NOS and inquiry can improve a student’s conceptions about NOS or inquiry. By explicit and reflective instrumentation, this group did not mean direct instruction through declarative statements about
NOS and inquiry (Schwartz et al, 2002). Instead, explicit instrumentation points to the learning
experience where aspects of NOS and inquiry are purposefully taught in tandem with science
content through inquiry-based experiences (activities, investigations, historical stories, etc.)
where the teacher is intentionally drawing the learner’s attention to relevant NOS and inquiry
aspects through class discussions and reflective questioning. This novel instructional approach
between explicit and reflective practice was implemented in 2004 with fifty-two teachers through
the professional development program, Project ICAN (Inquiry, Context, and Nature of Science).
This project was created to promote teachers’ and students’ knowledge of nature of science and
scientific inquiry (Lederman & Lederman, 2004). The findings from this study were remarkable;
students exhibited significantly improved understandings of those aspects of NOS and inquiry
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addressed explicitly by their teachers. The findings supported the hypothesis that NOS and inquiry are learned best when given explicit instructional attention, as opposed to the persistent
assumption that students learn NOS and inquiry implicitly as they do science (Lederman & Lederman, 2004).
However, by 2010 researchers Harris and Rooks were reiterating what various authors
had already described as challenges for teaching NOS and inquiry to students. The greatest factor
was always the teachers and their classroom practices. Harris and Rooks (2010) commented on
how teachers needed preparation about what inquiry is, what an inquiry-based classroom looks
like, and what inquiry-based instruction look like in practice. Just as students need practice and
exposure with NOS and inquiry, so do teachers.
By the late 2000s, even if policy makers wanted inquiry to be implemented in classrooms, the research at the time demonstrated that teacher understanding of NOS and how it related to inquiry did not translate into classroom practice. Due to this realization, the research group
of Schwartz, Lederman, and Lederman (2002) began to investigate how individuals, both teachers and students, understood the process of inquiry. This area of investigation became known as
the Nature of Scientific Inquiry (NOSI). The difference between NOS and NOSI is that NOS is
more intertwined in the epistemological underpinnings of why activities were being done in science (Lederman, Antink, & Bartos, 2014) whereas NOSI was more intertwined with the actual
practices involved in the process of scientific inquiry, how scientific knowledge can be created
from this process, and the use of these practices (Lederman, Antink, & Bartos, 2014). Nature of
scientific inquiry is related to science processes but goes beyond just process skills such as observing, inferring, predicting, measuring, questioning, interpreting, and analyzing data. NOSI
includes these skills but also refers to combining process skills with scientific knowledge and
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critical thinking to aid in the development of new scientific knowledge (Lederman, Antink, &
Bartos, 2014). The AAAS (1993, 2014) and NRC (1996, 2000, 2012) want students to develop
scientific questions and design investigations that may answer these questions. With the proper
understanding and use of SI, the process of inquiry will assist students in their scientific endeavors and creation of knowledge about SI.
Nature of Scientific Inquiry
Scientific inquiry can be differentiated into three forms: descriptive, correlational, and
experimental. There is a perception that there is only one scientific method to use, classical experimental design (Crawford, 2014; Lederman, Antink, & Bartos, 2014). Classical experimental
design is tied to the scientific method, which is a linear method to perform experiments. However, there is not only one course of action to conduct an investigation; this “scientific method”
does not exist. This is the narrow and distorted view that much of K-12 education understands as
scientific inquiry (Crawford, 2007, 2014).
Scientific inquiry can be divided into three separate constructs: practices of inquiry (what
students are able to do), what students know about inquiry (knowledge and understanding), and
the pedagogy of how scientific inquiry should be taught (Bybee, 2004; Crawford, 2014). Many
educators believe that scientific concepts can be learned simply by doing; they view inquiry as a
teaching approach to be used to develop scientific knowledge rather than a content area, and an
understanding that scientific inquiry is a process conducted by those seeking a science investigation (Crawford, 2014; Lederman, Antik, & Bartos, 2014). However, students cannot just perform
the practices used through scientific inquiry; they must also explain how the practices aid in developing scientific knowledge (Schwartz & Crawford, 2004).
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Over the last two decades, researchers still have not established consistent interventions
or programs that can help teachers and students understand SI. More empirical studies are needed to identify components of effective curricula and features of programs (Flick, 2004). One
leading research group that investigates how individuals understand and view scientific inquiry is
the Lederman, Lederman, Bartos, Bartels, Antink-Meyer, and Schwartz (2014) group. This research group created a framework about the main aspects found in Nature of Scientific Inquiry
(NOSI), see Table 3 below.

Table 3. NOSI Aspects and Descriptions
Aspects
Scientific investigations all begin with a question and do not necessarily test a hypothesis

Descriptions
Scientific investigations involve asking and
answering a question and comparing the answer with what scientists already know about
the world. But not all investigations have a
formally stated hypothesis.

There is no single set or sequence of steps fol- There is a variety of research methodologies
lowed in all investigations (no scientific
across and within the domains of science.
method)
Methods are guided by the “question being
answered”.
Inquiry procedures are guided by the question
asked

There is an alignment between the research
question and the method. The overall question
governs the methodological approach to be
used.

All scientists performing the same procedures
may not get the same results

Scientists come from different theoretical
backgrounds and may not interpret data the
same. Scientists may ask similar questions,
follow similar procedures, and still come up
with different conclusions.

Inquiry procedures can influence results

The operationalization of variables, the methods of data collection, and how variables are
measured and analyzed all influence the conclusions reached by the researcher.

Research conclusions must be consistent with

Each research conclusion must be supported

30

31

the data collected

by evidence from the data collected. The
strength of a scientist’s claim is a function of
the evidence that supports it. This claim is
further supported when the research methods
and research question also align with the data
collected.

Scientific data are not the same as scientific
evidence

Data and evidence are different and serve different purposes in a scientific investigation.
Data are observations collected by scientists
during the process of an investigation. Evidence is a product of how the data was interpreted and analyzed by the scientist to answer
the research question. This difference is important because there is a potential source of
bias.

Explanations are developed from a combination of collected data and what is already
known

Scientists make sense of observations by creating explanations. These explanations are
guided by current knowledge and conclusions
as well as empirical data collected and by
findings from previous investigations and currently accepted scientific knowledge.

(Lederman et al, 2014)
These eight aspects are interrelated and together explain the construct of NOSI. The eight
aspects can be separated to allow for easier understanding. But, just as with NOS, the eight aspects of NOSI overlap and work with one another. Therefore, if the aspects are taught separately
it needs to be emphasized through instruction that in reality the eight aspects are all intertwined
with one another (Lederman, et al 2014).
Nevertheless, as previously discussed, by 2010 the majority of teachers and their students
were still confused about what inquiry is and what is gained from participating in the process of
inquiry. In the vein of the Lederman group, these researchers began NOSI research with teachers, then teacher practices, then activities which the teacher implements, and finally student outcomes. Over numerous studies, the researchers were able to identify three critical concepts when
teaching NOSI and NOS: explicit direction, inquiry-oriented activities, and student reflections.

31

32

An early study that was able to demonstrate the use of two critical concepts was undertaken by Khishfe and Abd-El-Khalick (2002) in which they worked with two sixth-grade classes.
One group was the treatment class, where researchers taught NOS through explicit instruction
and inquiry-oriented activities. The second group, the comparison class, was taught NOS but only through the inquiry-oriented activities. These researchers found that activities alone were not
enough to help students fully comprehend what NOS and inquiry are. The treatment class with
the explicit connections was to learn not only aspects of NOS but also knowledge behind the
process of inquiry and why inquiry is used to learn about NOS. This early study was a foundational piece in emphasizing the need of explicit/reflective approaches when learning about NOS
and inquiry.
In a more recent inquiry study, Bartos and Lederman (2014) investigated teacher misconceptions about inquiry, and how teachers implement inquiry into practice. Researchers in this
study implemented a tool for reflection over knowledge structure for NOS and SI. With the use
of this tool, teachers explicitly reflected on the structure of subject matter. As in the Schwartz
and Lederman (2002) study, teachers may hold informed views about NOS and SI, but when observed, the teachers could not put NOS and SI into classroom practice. The teachers needed to be
explicit in their classroom practice as well as designate time for reflection from both a teacher
and a student perspective. Both the teachers and the students were able to learn about NOS aspects. However, the majority of teachers and students could not explain the knowledge gained
from the process of inquiry or why inquiry was used to learn about NOS.
A more recent study investigating SI and NOSI was completed by Strippel and Sommer
(2015). They focused predominately on chemistry teachers and whether their laboratory practices
align with SI and aspects of NOSI. They found that the majority of teachers do understand and
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claim valuing SI. However, as in the Bartos and Lederman (2014) study when teachers were
asked to put their inquiry knowledge into classroom practice (or in this case, laboratory practice),
teachers had difficulty with implementing the NOSI aspects. Teachers found it difficult to teach
NOSI through inquiry. Furthermore, the researchers found that NOSI was not a primary goal of
teaching for these teachers. This again supports what Lederman (1998) and Schwartz and Lederman (2002) found in their teacher studies; for NOS, NOSI, and inquiry to be internalized by
the student, the teacher must first value and understand those concepts.
Other NOSI could be discussed, but the majority of these studies have kept to the Lederman (Group) ideas. This group suggests incorporating the three concepts of explicit direction,
inquiry-oriented activities, and student reflection when teaching students about NOS, SI, and
NOSI. However, this mode of explicitness and reflective teaching has not become prevalent in
all inquiry studies. Instead, the majority of studies investigating inquiry from the perspective of
instruction and inquiry-oriented activities are more often than not related to the Lederman research group.
One way that educators and researchers have tried to relate and to explain the aspects of
NOSI is through the skills or practices that are developed during the process of inquiry (Crawford, 2014). Consequently, for students to gain knowledge and understanding about the nature of
scientific inquiry, they must engage in the practices or the doing of inquiry. However, in addition
to the action of a practice, they must have explicit instruction, connecting the practices to the aspects of NOSI (Capps & Crawford, 2012; Schwartz, Lederman, & Crawford, 2004). Furthermore, students must reflect on the practices they are performing and how that practice leads to
the development of scientific knowledge. During points of reflection, students should be engaged
in the discussion of why scientific investigations are designed in certain ways (Lederman, Le-
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derman, & Antik, 2013). NOSI needs to be addressed explicitly by the instructor when being
taught, and students should have time to reflect and understand how these aspects relate to the
NOSI, the students themselves, and the investigation they are conducting (Crawford, 2014; Osborne, 2014).
However, as noted earlier, there is not one simple definition describing what scientific
inquiry is. Because of this inconsistency, many teachers and students do not know or understand
what SI is or the practices used throughout the process. In 2012, researchers and educators released, A Framework for K-12 Science Education: Practices, Crosscutting Concepts and Core
Ideas. This framework was the groundwork for the creation of Next Generation Science Standards (NGSS) (Lead States, 2013). The NGSS aligns the aspects of NOSI with the practices performed during scientific inquiry. Teachers and students now have a resource to help provide
some clarity when learning about SI and scientific practices.
Practices
Recall from the introduction that the Next Generation Science Standards created a
framework for learning science that includes eight key practices: 1) asking questions, 2) developing and using models, 3) planning and carrying out investigations, 4) analyzing and interpreting
data, 5) using mathematics and computational thinking, 6) constructing explanations, 7) engaging in argument from evidence, and 8) obtaining, evaluating, and communicating information
(NGSS Lead State, 2013). These practices define how an individual may engage in the process
of SI. This process of inquiry and use of practices prepares an individual to solve problems and
investigate questions which may lead to new scientific knowledge (Quinn, Schweingruber, &
Keller, 2012). However, engagement with the practices and “doing” inquiry does not translate to
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learning or the creation of knowledge. The understanding and knowledge behind each practice is
necessary to fully grasp the construct of SI (Bybee, 2014).
The eight scientific practices represent what students are expected to do and to display;
they are not a teaching method or curriculum (Bybee, 2014). The practices created by NGSS
align with the eight aspects of the nature of science inquiry (NGSS Lead States, 2013). This is
intended to aid educators in understanding the process of inquiry and how knowledge and understanding of this process is created while engaging in these practices and reflecting on the overall
process (Bybee, 2014). The aforementioned point of reflection is critical in creating knowledge
about scientific inquiry. Making connections to current scientific knowledge is required to create
knowledge about the process of scientific inquiry (Osborn, 2014a).
Context and Setting
In the early 1990s, more science educators were advocating for different types of learning
opportunities for students (Gaskell, 1992). Teachers were noticing that students within the science classroom appeared bored and uninterested in the science concepts which they were being
taught (Gaskell, 1992). In contrast, teachers would hear about students’ experiences at out-ofschool locations such as a museum, science center, or botanical garden and students would express enjoyment and excitement about being exposed to a new science concept (Braun & Reiss,
2006).
Setting and context are important for learning because both can facilitate the understanding of new information (Chi, Dorph & Reisman, 2016). Setting and context can be a driving
force to prime a student and to help foreshadow what the student will be exposed to in a course
of study (Chi, Dorph & Reisman, 2016). For example, if a student steps into a chemistry laboratory, this setting could prime the student to think about elements, experiments, and chemistry
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formulas. If a student attends an aquarium and enters a river exhibit, this setting could prime the
student to think about life science, habitats, and ecosystems. Setting and context should be
viewed as an instructional tool not just as a place or location where learners are housed. If students are being exposed to the same science concepts, what is it about this out-of-classroom experience that facilitates students to want to learn and to be more engaged with the subject matter?
The following section describes how context and setting are the areas where more empirical
studies focused on NOSI and practices should be conducted to better understand how students
develop inquiry knowledge and practice skills.
Authentic Science and School Science
Students have shown a disinterest in their science classes as they mature (Braun & Reiss,
2006). In the United States, the 6-12 curriculum is distributed between all disciplines of science.
Due to this separation, the content and material taught in school science becomes more difficult
for students to relate to as they rise through school (Braun & Reiss, 2006; Gaskell, 1992). Furthermore, because school science is compartmentalized, students may not even learn how the
material being taught relates to their daily lives. What occurs is that students cannot apply the
school science they have learned to the real world. School science relies heavily on “cook book”
laboratories and experiments occurring in a linear fashion (Gaskell, 1992). Students are not
thinking as critically as they could in their school science classrooms because everything is being
presented to them (Chinn & Malhotra, 2002). Instead, science in the real world is complex, less
structured, not compartmentalized and extremely integrated (Braun & Reiss, 2006). Much of
school science teaching is currently outdated and restricted. Students are not given the exposure
or experience to view how the community of science actually works. Many researchers have argued that the best mode for students to learn science when compared to school science is through
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an authentic science experience (Braun & Reiss, 2006; Chinn & Malhotra, 2002). Authentic science is comprised of activities that provide more naturalistic experience and that are more
aligned with what current scientists and engineers do in the real world (Chinn & Malhotra,
2002). The authentic science experience allows for more open-ended tasks and less structured
problems for student engagement. The more authentic the experience, the better; students begin
to realize in more authentic contexts that problems are often ill-defined and that the needed information may be unstructured (Chinn & Malhotra, 2002).
The process of inquiry is a process to assist in problem solving. Unlike in school science
where students are placed in a laboratory with a “cook book” experiment and asked to perform
an experiment, the teacher appears more interested in the final product rather than the process
that achieved the product. Authentic science experiences are different from classroom science
experiences due to several factors:
•

Classroom science allows for little or no reasoning or negotiation of meaning; the
two constructs that are seen throughout the scientific community.

•

By using reasoning, students would have the opportunities to practice argumentation, justification, and explanations (Flick, 2004).

•

The time, equipment, and purpose of an investigation are quite different in a science classroom when compared to an actual authentic science experience.

The student’s experience in an authentic context can serve to reinforce the parallels with
the content being learned in class while also providing a first-hand, eye-opening, and unique
learning experience (Flick, 2004).
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Out-of-classroom Settings
Most authentic science experiences occur outside of the classroom. These out-ofclassroom or informal experiences can be in museums, science centers, or even school gardens
(Braun & Reiss, 2006). Cerini, Murray, and Reiss (2003) investigated alternative strategies for
learning science. They found going on a science field trip or excursion was rated as the top
choice – number 1; it also was rated number 5 as a useful and effective way to learn science.
What students are experiencing in the out-of-school sector greatly contrasts with what is happening in school. In an ideal out-of-classroom context, students are less constrained by school bells
and the need to learn from a standardized textbook. Instead, in these more authentic out-ofclassroom experiences, students are given more extensive work, which may be more difficult,
but students may gain more autonomy from their work (Braun & Reiss, 2006). The science
found in these out-of-classroom authentic contexts may be more exciting, challenging, and
hands-on when compared to how current school science is being taught. Learning outside of the
classroom involves a degree of the student’s unique background and experience. For most students the out-of-classroom experience is a way to discover how science relates to their daily
lives. In most out-of-classroom experiences the student is able to learn a science concept in a
manner that matches with his learning. The student is not constrained by limitations set by the
school science classroom. Bebbington and Nundy (2001) point out that the reason why so many
students enjoy and learn from these out-of-classroom authentic experiences is that they are exposed to a range of learning opportunities that relate to larger concepts and ideas which they witness in their daily lives, such as a sunset or the flow of a stream’s current. In addition, the importance of learning outside of school, especially within nature, allows students to learn conservation of the environment, to create a relationship with nature, and to enjoy physical interactivity
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with nature. All of these concepts work together to promote higher-order thinking. Working in a
living laboratory, such as a garden, assists with the practice of observation and inference (Rennie, 2014). For many students to have an authentic science experience, they may need to leave
the classroom.
Informal and Formal Contexts
The following section will discuss the terminology of formal and informal contexts and
how these contexts relate to authentic experiences that can facilitate SI and the development of
practices. A movement towards informal contexts, or learning in settings outside of the classroom, has gained momentum over the last decade. Support for this shift can be seen in the National Research Council (2012) and the discipline of science education (Filippoupoliti & Koliopoulos, 2014; Rennie, 2014). The researchers in the council understand the importance of experience and how an experience may lead a learner on a path of improved scientific literacy
(Beichner, Saul, Abbott, Morse, Chi, Dorph & Reisman, 2016; Rennie, 2014; Sacco, Falk, &
Bell, 2014). An out-of-classroom setting is a space in which learners are able to explore and to
seek information for themselves (Shouse, Lewenstein, Feder, & Bell, 2010). Examples of out-ofclassroom settings include: museums, science centers, gardens, zoos, and aquariums. (Beichner,
Saul, Abbott, Morse, Chi, Dorph & Reisman, 2016; Kim & Dopico, 2016; Deardorff, Allain, &
Risley, 2007; Brooks, 2011; Lomas & Oblinger, 2006; Montgomery, 2008; NRC, 2009;
Oblinger, 2006; Schreiber, 2013; Whiteside & Fitzgerald, 2009). These are considered to be outof-classroom settings because learners, who are outside of the traditional classroom, are typically
interacting with exhibits, docents, and elements in the setting. For this dissertation, formal settings and contexts are defined as traditional classrooms where topics are segregated into subjects
that do not overlap (typically biology, chemistry, or physics) and in many cases students learn
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the science content without connections to natural phenomena (Braun & Reiss, 2006; Gaskell,
1992). For this dissertation an out-of-classroom setting, or context is a space where science concepts are overlapping and intertwined with one another (Tobias & Duffy, 2009). The setting allows the learner to be active both physically and cognitively. The learner creates meaning from
their experience (Sasson & Cohen, 2013; Tobias & Duffy, 2009).
In an out-of-classroom setting, formal learning can occur. Formal learning is defined as
concepts and content that align with state and national standards, i.e., NGSS or Common Core.
Many of these out-of-classroom settings have curricula that align with the authentic experience.
The National Research Council (2009) created an extensive report discussing out-of-classroom
settings and how they can promote learning. The report suggests that learners in these settings
can learn about the nature of science, and by understanding the nature of science, the students are
better prepared to develop their science practices (Bevan, Gutwill, Petrich, & Wilkinson, 2010;
NRC, 2009; Rodari, 2009; Tal & Dierking, 2014). In addition, reports from both the NRC (2009)
and Bell et al (2016) discuss the promise of out-of-classroom settings and how they may positively influence the understanding of nature of science and performance of scientific practices.
Beyond these reports, research on the effects of out-of-classroom settings on the nature of science or nature of scientific inquiry (specifically scientific practices) is dwarfed by the amount of
research on formal settings or traditional classrooms. By broadening how research is conducted
for nature of scientific inquiry and scientific practices by examining out-of-classroom settings,
researchers may develop a better understanding of whether out-of-classroom settings can facilitate the use of scientific practices and help students develop knowledge about the process of scientific inquiry.
The majority of research on SI and practices in out-of-classroom settings and contexts
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has focused on the learning outcome, e.g., content knowledge (Falk & Storksdieck, 2010; Kim &
Crowley, 2010). Content knowledge is facts or information of a specific domain. Many researchers prefer to evaluate this because informal settings are designed in a manner to help learners
grasp specific attributes from a specific exhibit or display (Dilli, 2016; Falk & Storksdieck, 2010;
Meissner & Bogar, 2011; Schwan, Grajal, & Lewalter, 2014; Zaharia, Michael, & Chrysanthou,
2013). Adams, Gupta, and DeFelice (2012) point out that many studies in out-of-classroom settings are not designed to assess knowledge about inquiry and scientific practices; consequently,
content knowledge becomes the default assessment path. Researchers and educators need to find
better methods for creating research studies that evaluate all parts of inquiry and practices in informal settings instead of evaluating separate parts of the construct, such as content knowledge
(Adams, Gupta, & DeFelice, 2012).
For this dissertation, an out-of-classroom setting is defined as a place where students are
not sitting in their traditional science classroom. Instead, students will be participating in a separate science laboratory specific for garden education as well as working in an outdoor classroom
and school garden. All of these settings are located on the school campus but are not considered
to be a formal traditional classroom setting. Throughout the continuation of this dissertation the
terminology of informal or out-of-school settings are used interchangeably.
Current out-of-classroom settings research
The current research in out-of-classroom settings focuses primarily on learner engagement and free choice exploration (Chi, Dorph, & Reisman 2016; Falk, 2005; Falk & Dierking,
2000, 2012). The first area, learner engagement, is investigated largely due to the fact that these
settings must create exhibits or displays that can attract patrons to engage with the material (Callahan, 2012; Chi, Dorph, & Reisman, 2016). The second area, free choice exploration, is investi-
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gated because these out-of-classroom settings want to create exhibits and displays that provoke
interests in patrons. Free choice learning is non-sequential, self-paced, and voluntary (Falk,
2005).
Research on free choice exploration investigates how a learner’s autonomy influences
learning, e.g., what attracts learners from one exhibit compared to another. Falk and Dierking
(2004) created a contextual model of learning for informal venues. The theoretical framework
behind their model is social constructivism (Falk & Dierking, 2012). These researchers realized
that learning occurs in situated contexts (Falk & Storksdieck, 2005). Learning occurs as a dialogue between the learner and the situated environment (Falk & Dierking, 2004). Their model
has considered three factors: physical, socio-cultural, and personal contexts. Together these three
factors are thought to influence the learning process and its outcome (Falk & Dierking, 2004;
2018). However, Crowley and Knutson (2007) point out a gap in Falk and Dierking’s model; the
model created by Falk and Dierking uses only classroom learning theories. They did not consider
specific conditions of informal settings such as curriculum or cognitive reflexive tasks. Schwan,
Grajal, & Lewalter (2014) support Crowley and Knutson by indicating how the contextual model
is lacking critical thinking by students in out-of-classroom settings in both curriculum and assessments. They discuss how hands-on exhibits or interactive exhibits are not sufficient for learning to occur and suggest that learners’ minds also need engagement and reflective cognitive activities (Schwan, Grajal, & Lewalter, 2014). Callahan (2012) and Chi, Dorph, & Reisman (2016)
echo the same concerns and call for research in informal settings that focuses on investigating
more complex cognitive learning outcomes, like scientific practices and the process of inquiry.
The NSF has addressed these concerns by funding a report discussing the impacts of informal
settings and the need for more collaborative research efforts for effective evaluation (Bell et al,
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2016). For effective evaluation, the design of future investigations needs to change to include
learning theories from different disciplines such as educational psychology, learning sciences,
and science education (Bell et al, 2016; Callahan, 2012; Kisiel & Anderson, 2010; Sacco, Falk,
& Bell, 2014).
The current state of out-of-classroom setting research demonstrates that these settings allow learners to be engaged with new information and allow for the learners to choose what they
want to experience (Bell, Lewenstein, Shouse, & Feder, 2009; Falk, Randol, & Dierking, 2011).
However, many exhibits and displays provide shallow information where the information given
has more breadth rather than depth. Rather than providing a few comprehensive exhibits, out-ofclassroom settings often opt for a greater selection of exhibits that provide less information to the
learner and take less time for the learner to view the exhibit (Rounds, 2004). The NRC (2009,
2012) indicates that learners want to be interactive and interested as they encounter new settings
and activities. These points of interaction with settings and activities could be an intersection to
help students develop knowledge about inquiry and practices. However, future studies to investigate these points of interaction and the settings themselves are needed. As recognized by several
researchers, there is still a gap in informal setting research about how these settings can promote
science learning, specifically nature of science inquiry and scientific practices (Callahan, 2012;
Chi, Dorph & Reisman 2016; Kisiel & Anderson, 2010; Schwan, Grajal, & Lewalter, 2014;
Rennie, 2014).
Other areas to consider when researching these informal contexts include: how the actual
setting aligns with the content being learned, what specific learning outcomes can be found in an
informal setting, and what structure curriculum or scaffolding is sufficient to create a learning
experience (Rennie, 2014; Schwartz & Crawford, 2004; Schwartz, Lederman, & Crawford,
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2004). In addition, current research shows that considerable scaffolding must be given in these
informal settings to support higher order thinking, i.e., creating, synthesizing, analyzing. This
higher order thinking can lead students to retain knowledge about the nature of science, nature of
scientific inquiry, or science practices (Rennie, 2014). The use of different instructional methods
such as problem-based learning, project-based learning, experiential learning, and simulations
can all be embedded and aligned with informal settings (Schwartz & Crawford, 2004). But implementing these instructional methods, scaffolds, or new curricula is not enough for science
learning to occur. Educators must be aware of the importance of the use of explicit meaning and
reflexive thinking for science learning to occur. On one hand educators should try and be explicit
when connecting content to everyday phenomena for students while, on the other hand, students
need time to reflect on what they are learning and how this new knowledge connects to their everyday lives.
As Schwartz and Crawford (2004) discovered with NOS, experts, whether represented as
teachers or docents, need to identify learning opportunities, and these experts must recognize the
need for students to reflect and to explain their experiences (Schwartz, Lederman, & Crawford,
2004). Explicit reflexive instruction is also needed when teaching learners about NOSI and science practices. Students need to reflect on what they did at these informal settings, what they experienced, and why the practices were performed. But, as echoed by previous researchers since
the early 2000s, there is a need for: better assessment in these informal settings, better curricula
to take advantage of these out-of-school settings, and more consistent and systematic methodologies (Bell et al, 2016; Kisiel & Anderson, 2010; Rennie, 2014). Without reliable and validated
measures, it is difficult for researchers and educators to defend the importance of out-of-school,
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authentic, informal experiences for developing knowledge about the nature of science, the nature
of scientific inquiry, and scientific practices.
science camp studies.
In reality after reviewing the literature, summer camps were found to be an out-ofclassroom setting most authentic for students to experience what professionals do in their careers. Summer camps in particular give students a full immersion experience because students
are situated in a particular context, with specific activities and interactions with the context but
without time constraints and grades. Summer camps allow students to explore their own interests
but without the fear and risk of grades.
Four recent summer camp studies stood out as the most comparable studies to this dissertation. These four studies explored aspects of NOSI, similar to this dissertation. These four science summer camp studies were held over a one- to two-week period where students participated
in different types of inquiry activities (Antink-Meyer, Bartos, Lederman, & Lederman, 2016;
Leblebicioglu, et al 2017; Leblebicioglu, Metin, Capkinoglu, Cetin, Dogan, & Schwartz, 2017;
Metin & Leblebicioglu, 2015).
Summer science camp studies are more similar to this dissertation than other out-ofclassroom studies due to several features, including: less time constraints; activities were not
graded as in school but graded on student understanding; all activities were inquiry-based and
aligned with NOSI aspects; and students were immersed in an authentic setting in which they
could make association.
The activities across all camps were inquiry-based, allowing the students to have agency
over choices (Lederman, N., & Abd-El-Khalick, F. (1998). Furthermore, the activities were imbedded in content that was applicable to the student, i.e., ecosystems in the science camps (Abd-
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El-Khalick, 2002). Activities in the science camps were engaging and relevant to the students.
Students could immediately relate to the activities rather than performing labs or tasks that were
difficult for the students to associate with. In addition, by using activities within the science
camp setting, students were engaging in more authentic science (Crawford, 2012). Students were
working with real tools and collecting their own data. They were actually working through the
same process of inquiry that professional scientists and engineers do. But as expressed by Khishfe & Abd‐El‐Khalick (2002), if these activities and out-of-classroom settings were not explicitly
discussed with students and how they were all connected, students would be unable to construct
new knowledge. Students needed explicit instruction as well as time to reflect on what they were
learning from performing these activities. Both of these approaches were seen in the science
camps which inevitably may have been how students were able to reach mixed to informed understanding in a short amount of time. It was this authentic setting, in conjunction with aligned
activities and explicit instruction, which helped promote change in the students’ understanding
about NOSI in these summer camps (Smith, Maclin, Houghton, & Hennessey, 2000).
However, caution is required. Authentic, out-of-classroom contexts are simply a way to
help demonstrate nature of science and nature of scientific inquiry. To see change in students’
understanding of SI or their practices, more astringent empirical studies investigating all aspects
of the out-of-classroom setting from the students to the instructional method used and the curriculum taught must be conducted. All of these factors play a role in formal learning, i.e., structured
lessons that align with state standards, to occur in an out-of-classroom setting or context.
School Gardens
School gardens are a type of out-of-classroom setting where formal learning, i.e., learning
tied to government mandates curriculum, can occur (Hirschi & Sobel, 2015). This setting in the
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natural world provokes students to make observations and infer what is happing around them
(Braund & Reiss, 2007; Trelstad, 1997). The unpredictability of the natural world allows for students to be curious and to ask questions about their experiences in this environment (Waite,
2010). The school garden should be viewed more as an extension of the traditional classroom
than as a separate entity (Braund & Reiss, 2007; Waite, 2010). The out-of-classroom school garden setting allows students to experience activities that are authentic and similar to what scientists and researchers do in the real world (Braund & Reiss, 2007). In addition, using a school
garden as an informal setting has its advantages because school gardens are on site, easily accessible, available most times of the year, and can be seen as a low-cost educational opportunity
(Passy, 2014).
Using school gardens as a setting for education is not a new concept. School gardens
have been a technique for incorporating nature and the environment into students’ daily lives
since the 1700s. Jean-Jacques Rousseau emphasized the importance of nature in education because the natural world is the foundation for learning about natural phenomena (Hirschi & Sobel,
2015). Johann Pestalozzi (1746-1827) and Friedrich Froebel (1782-1852) adopted Rousseau’s
teachings and both created schools where gardening, farming, and practical education were the
basis of their teaching curriculum in Europe (Hirschi & Sobel, 2015). The largest supporter of
school garden integration came from John Dewey (1859-1952) and his work with the Chicago
School. He advocated for school gardens because he saw them as a living laboratory. He knew
that students could not only experience situations that are found in daily life but also experience
a setting that invokes investigation. Dewey understood that school gardens are laboratories
where students can study growth, reproduction, soil chemistry, the role of sunlight, and many
other phenomena found in the biological sciences (Dewey, 2007; Pudnup, 2008). At the Chicago
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School, Dewey had his students in the “life lab,” an outdoor classroom where students had the
ability to observe, to infer, and to experiment with what was naturally occurring outside. Again,
students were experiencing what they were learning (Dewey, 2007; Pudnup, 2008). To Dewey
and many other educators, the school garden is an extension of the traditional classroom (Dewey,
2007). The lessons taught inside can be taught outside; however, by being out in the garden, the
students support their learning with authentic experiences, inquiry, and action. It may be that the
connection between action and the creation of knowledge helps students learn from an outdoor
classroom experience. Furthermore, school gardens are a context for situated learning. The
school gardens allow students to work with one another and to work with adults in a different
context then their indoor classroom. The school garden reflects the different natural phenomena
that students can explore. In addition, because the students and teachers are experiencing and
creating the garden together, they can share in a “situated learning” (Lave & Wenger, 1991).
This shared situated learning allows students to relate and to learn from each other as well as
their environment, which is the school garden (Blair, 2009; Fusco, 2001; Gaylie, 2009; Gaylie,
2011; Hirschi and Sobel, 2015; Kavanaugh, 2017; Passy, 2012; Williams & Dixon, 2013; Williams & Brown, 2013). The school garden may be a setting where situated learning can be facilitated between the students, the teacher, and activities that relate to the school the garden.
School Gardens in the United States
The implementation of school gardens has occurred in waves in the United States. Specifically, school gardens have been a part of this country’s history in three waves occurring during
the World Wars, the 1970s environmental movement, and the late 1990s with the inquiry education movement. Toward the end of the 19th century, more school gardens were being raised in
large urban centers such a Boston and New York City; however, the school gardens were not
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viewed as educational tools. On the contrary, the school gardens were placed in these urban
schools for students to view and discover natural beauty. Therefore, early on in American
schools, school gardens were desired for their aesthetic reasons rather than educational reasons
(Pudnup, 2008).
The first wave of the school garden effort in America began in the middle of World
War I. School gardens began appearing across school districts from rural to suburban to urban
areas. President Woodrow Wilson made a proclamation in 1916 for the commitment of schools
and students to these gardens for the production of food for their communities (Gaylie, 2009,
2011). Again, by the middle of WWII, school gardens, also known then as “victory gardens,”
made a resurgence. However, as the war ended, the growing of school gardens greatly diminished (Gaylie, 2009, 2011; Hirschi & Sobel, 2015).
The second wave of school gardens occurred from 1964 to 1975, during the “environmental movement” (Gaylie, 2009, 2011; Williams & Brown, 2013). During this time, the United
States had become more interested and concerned with the environment and how to protect nature. School gardens were seen as a link between education and environmental understanding
(Williams & Brown, 2013). However, due to societal factors, i.e., the Vietnam War, the recession occurring in the United States in the late 1970s and early 1980s, school gardens did not gain
a supportive footing in education systems and were again displaced.
The third wave of school gardens in the United States occurred in the mid-1990s. During
this time, the support for school garden efforts was being proclaimed from several directions,
including ecologists, environmental scientists, developmental psychologists, educators, and nutritionists. By this time, experts were identifying the need for students to experience nature to
develop a relationship with the environment (Orr, 1992). School gardens were seen as an avenue
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to help to create or to strengthen this connection with the environment. In 1995, Delaine Eastin,
then State Superintendent of Public Instruction, California Department of Education, launched “a
garden in every school initiative.” She was the first of many educators who acknowledged that
school gardens could provide opportunities for students to improve their knowledge across several domains (Hazzard, Moreno, Beall, & Zidenberg - Cherr, 2011). Since the mid-1990s, school
gardens have expanded and been viewed as a setting where academic learning can occur, a place
for students to build a relationship with nature, and a place for students to learn the value of
health (Gaylie, 2009, 2011; Williams & Brown, 2013). Several successful garden programs have
been established across the United States: Edible Schoolyard in Berkeley, California; City
Sprouts in Cambridge, Massachusetts; Slow Food USA National School Garden Program with
their beginnings in Brooklyn, New York; The Boston Schoolyard Initiative (BSI) in Boston Public schools; and REAL School Gardens (RSG) Dallas/Fort-Worth, Texas (Hazzard, Moreno,
Beall, & Zidenberg - Cherr, 2012; Hirschi & Sobel, 2015; Passy, 2014). All of these programs
have been assessed by a third-party evaluator to demonstrate that students in these garden programs can learn content knowledge, environmental stewardship, nutritional knowledge, or improved well-being (Hirschi & Sobel, 2015).
Current school garden research
In the last twenty years, school garden research has demonstrated many benefits for the
students who participate in school garden programs. The majority of current school garden research focuses on three areas: academic achievement, attitudes and behaviors toward the environment, and health and well-being (Kavanaugh, 2017).
The largest field of current school garden research investigation is academic achievement
(Williams & Dixon, 2013). Academic achievement primarily includes the learning of content
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knowledge over several academic domains: science (Fusco, 2001; Klemmer, Waliczek, &
Zajicek, 2005; McArthur, Hill, Trammel, & Morris, 2010; Pigg, Waliczek, & Zajicek, 2006),
math (Pigg, Waliczek, & Zajicek, 2006); language arts (Cutter-Mackenzie, 2009; Fleener, Robinson, Williams, & Kraska, 2011); environmental science (Aguilar, Waliczek, & Zajicek, 2008;
Skelly & Bradley, 2000; Skelly & Zajicek, 1998); sustainability (Krash, Bush, Hinson, &
Blanchard, 2009); and conservation (Skelly & Zajicek, 1998). Content knowledge may be the
construct most investigated because a school garden curriculum can be designed to be specific
and touch on knowledge that is connected to the one subject being taught at the time. This is also
the main reason why the majority of this research cannot be generalizable. The curriculum is not
consistent between garden programs, subject areas, grades, or even states. The investigation of
content knowledge can demonstrate only one aspect of how school gardens can be an effective
setting for formal learning to occur.
As emphasized in the second wave of school garden movement, this setting creates a situation where students’ attitudes and behaviors about the environment can be investigated. Many
researchers are interested in how the garden affects students’ connection with nature (Williams
& Brown, 2013). Does the experience in the garden help change the students’ attitudes about the
environment (Skelly & Zajicek, 1998; Waliczek & Zajicek, 1999), behaviors about saving the
planet (Koch, Waliczek, & Zajicek, 2006), and students’ understanding about environmental
stewardship (Aguilar, Waliczek, & Zajicek, 2008; Cutter-Mackenzie, 2009; Krash, Bush, Hinson, & Blanchard, 2009)? In this area, researchers are interested in how students adopt a “greener
and more sustainable lifestyle. This area of environmental attitudes and behavior’s research has
branched out into citizen science. Citizen science can explore how students understand how a
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project can help a community, specifically environmental projects such as a school garden
(Fusco, 2001; Pudup, 2007).
The largest area where school gardens have impacted students is in the area of health and
well-being (Ozer, 2007; Robinson & Zajicek, 2005). Health can be viewed as an individual’s understanding about nutrition and knowledge about food. Many studies have looked at overall nutritional knowledge (Beckman & Smith, 2008; Evans et al, 2012; Graham, Beall, Lussier,
McLaughlin, & Zidenberg-Cherr, 2005; Koch, Waliczek, & Zajicek, 2006; O’Brien & Shoemaker, 2006; Turner, Eliason, Sandoval, & Chaloupka, 2016) or more specifically, the consumption
and knowledge of fruits and vegetables (Cotugna, Manning, & DiDomenico, 2012; Morgan,
Warren, Lubans, Saunders, Quick, & Collins, 2010; Ratcliffe, Merrigan, Rogers, & Goldberg,
2011). These health studies are important because students learn where the food which they consume comes from. Also, students begin to see how nutrition plays into their everyday lives and
why healthy food choices are important for growth and development (Ratcliffe, Merrigan, Rogers, & Goldberg, 2011). The other area to school garden health research is overall well-being
(Fleener, Robinson, Williams, & Kraska, 2011; Ozer, 2007). Well-being describes an individual’s mental, physical, and emotional state of mind. Ozer (2007) was able to demonstrate how
working in a school garden helped students gain a more positive outlook at school and create
bonds and relationships with others. School gardens have been able to change how students feel
in their daily lives.
One study conducted by Williamson and Smoak (1999) explored the environmental science program called “Down to Earth”. This program emphasized the garden as a place for more
hands-on learning, problem-solving, and critical thinking. The instructional design, curriculum,
and the emphasis of the scientific method were too antiquated for students. However, this was
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the only study that researched school gardens from the larger perspective of problem-solving and
critical thinking skills, rather than simply focusing on one of the three previously mentioned areas (academic content knowledge, attitudes and behaviors, and health and well-being).
Comprehensive reviews of school garden research in America have been conducted by
various researchers: Ozer (2007), Blaire (2009), Williams and Dixon (2013), and Kavanaugh
(2017). All four groups of researchers support the benefits of school gardens. Williams and Dixon (2013) conducted a comprehensive review for the last twenty years of school garden research.
They reported that 93% of students improved in their science achievement, 80% of students improved in math, and 72% improved in language arts. Nevertheless, just as Ozer (2007) and Blair
(2009) stated in their reviews of the literature, more rigorous research needs to be conducted on
this topic from two perspectives: curriculum design and methodology. Williams and Dixon
(2013) echo this message in their review, but they went a step further and emphasized specific
areas in methodology and curriculum that needed to be improved. Less than half of the studies
reviewed by Williams and Dixon (2013) report validity or reliability about measures used or created. They also point out how the majority of studies include participants who self-reported rather than using quantifiable items. Williams and Dixon (2013) emphasize more design and development in school garden instructional activities and curricula that align with state and national
standards. Ozer (2007) calls for a combination of consistent, systematic, qualitative and quantitative methods with direct observation of instruction and implementation. These are only the beginning of many other methodological problems found across school garden studies. In addition,
research should be bolstered by more short-term, quasi-experimental studies, longitudinal studies, the use of comparison groups, and research should investigate more than the three usual areas of academic achievement, environmental attitudes and behaviors, and health and well-being.
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More rigorous research needs to be conducted for school garden research to gain credibility in
the education community.
Gaps in school garden research
Many teachers and schools do not see the larger opportunity for learning that a school
garden can provide for students. Most teachers and administrators focus on the garden as a content-specific or domain-driven setting. They fail to see the big picture impact. As Dewey proclaimed, school gardens are a place for science practices to be developed and a place where
knowledge about the process of inquiry can form (Dewey, 2007). As expressed in NGSS (Lead
States, 2013) and the Framework for K-12 Science Education (NRC, 2012b), inquiry and practices are not specific only to one science discipline, but instead these practices and knowledge
about the process of inquiry are found across disciplines. The school garden can facilitate the understanding and knowledge of SI and practices across disciplines, but school garden research has
yet to focus on the bigger picture of practices. The focus of the school garden curriculum has
been specific to content knowledge: science, math, language arts, nutrition, and health (Gaylie,
2009, 2011; Hirschi & Sobel, 2015).
After an extensive literature review, it became apparent that most school garden research
did not investigate how the school garden could facilitate inquiry understanding and practices
with students. This gap demonstrates the need to investigate whether school gardens can be a
type of outdoor classroom where inquiry and practices can be modeled by teachers and internalized by students. The literature also points out the need for a more systematic approach to evaluate school gardens both methodologically and by curriculum design. This dissertation will add to
the body of school garden literature examining whether school gardens can be a place to help
students learn investigation practices and to understand the knowledge behind the practices.
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School gardens do not only need to be used for content knowledge, attitudes and behaviors, and
health and well-being. The school gardens are an informal setting where formal learning can occur. This research will support the idea that a school garden is a living laboratory where natural
phenomena can be witnessed and the location for planning and implementing investigations
where students think scientifically. These authentic experiences in the school garden allow students to practice similar skill sets which experts in different science disciplines also do in their
professions. Furthermore, the curriculum design and reliability and validation of instruments
used throughout this school garden intervention will provide much needed support for why more
consistent methodologies, valid and reliable measures, and standard-aligned curricula should be
used when conducting school garden research.
The current state of both informal setting and school garden research is ripe for investigating how informal settings such as a school garden can be an environment where teachers can
model scientific practices and the process of scientific inquiry while serving as the place where
students can learn to adopt these practices and develop knowledge about inquiry and how the
process of inquiry is a form of problem solving.
Project-Based Learning
One way to engage students with scientific practices and the process of inquiry is through
the instructional method of project-based learning (Crawford, 2014). This dissertation is specifically implementing project-based learning (PjBL), a type of student-centered learning approach.
The PjBL approach can be used universally with all students and in all domains from literature to
math; this method of instruction can be easily tweaked to match a desired domain (Blumenfeld,
et al, 1991; Larmer, Mergendoller & Boss, 2015). In a PjBL unit, students are asked a question
that they can relate to in their daily lives. From this question, students are asked how to find a
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solution (Krajcik & Blumenfeld, 2006; Larmer, Mergendoller, & Boss, 2015). Students learn
how to plan and how to investigate a question in an authentic experience (Barron et al, 1991).
They also participate in collaborative learning. Students construct a solution to the posed question with the aid of a project. This project allows for students to create meaningful associations
with new knowledge (DeFillippi, 2001). Students’ progress from asking questions to the act of
doing, solving the problem themselves, and constructing a solution (Krajcik & Blumendel,
2006). This type of intervention uses hands-on experiences for the learner to integrate new information into knowledge structures that they already have established (Bell, 2010). The largest
difference in this type of intervention compared to others is that a type of model or product,
whether physical or conceptual, is created to explain the learner’s findings (Kelly, 2014; Bloom,
2015). PjBL encompasses both socio-cultural and situated learning theories (Krajcik & Blumenfeld, 2006). In socio-cultural theory, adults guide students to what should be learned (Vygotsky,
1978, 1987, 1997). This can be seen with the teachers aiding students. Moreover, Vygotsky
(1978) demonstrated that the use of artifacts can facilitate learning. An artifact can be almost anything, i.e., a book, a calculator, or a garden. Recall from the introduction that the theoretical
framework of situated learning was introduced because this framework allows the learner to use
actions with others and the environment to understand new information (Boyles, 2006; Dewey,
1912, 1938; Lave, 1988). PjBL aligns well with situated learning because the project is situated
in a specific context. The context and project are the driving forces for learning. The learner is
acting out the process that the learner is trying to solve when participating in PjBL; for instance,
if the project asks “how to create a more efficient recycling factory,” the learner can cognitively
situate themselves to frame their thought in this new context for example an engineer in a recycling factory. This situated learning allows the learner to create direct connections between the
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problem they are trying to solve and how they themselves could gain new knowledge from the
situated context (Lave & Wagner, 1991). Dewey used this approach of situated learning to help
drive students from a cognitive as well as a hands-on learning (Dewey, 1917). The student has
the ability to experiment with all variables and to find answers through the use of action in the
situated context (Lave, 1988).
In addition, PjBL aligns with out-of-classroom learning; both ask for students to be immersed in an authentic experience. During an authentic experience, the learner is typically engaged with the environment. The engagement with the environment plays a key role as it leads to
reciprocal causation (Bandura 1989). Reciprocal causation is between the authentic situated
learning environment, the artifacts found in the environment, and the learner (Bandura, 1989,
2008). Learners and their environments mutually influence each other. (Bandura, 1989, 2008).
The learner has agency over how the environment may affect him, and this constant action with
the environment and individuals in the environment allows for situated learning to occur
(Schwartz, Lederman, & Crawford, 2004; Lave, 1988). In a PjBL unit, students yield an end
product. Through this end product the students feel that they themselves have more control,
agency, over their learning and how they learned through their authentically-situated experience.
By allowing students to learn and to practice science in an environment that is parallel
with the science content being taught in a typical classroom, students may create stronger associations with science concepts and science processes by experiencing science in an environment
that matches what is being learned in a current unit of study. In addition, by learning in an environment that ties to the curriculum, students will have visual and tactile associations along with
what is being taught to them orally. Moreover, by actually moving and using hands-on learning,
students may continue to create deeper connections with new concepts and theories because of
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their ability to actively investigate the action of the science process or content that is being
taught, e.g., photosynthesis, soil composition, and ecosystems (Choi & Hannafin, 1995). It may
be the case that, as an intervention, a PjBL unit can facilitate better science learning, especially
when investigating inquiry knowledge and practices.
Project Based-Learning with Scientific Inquiry
The primary location of this dissertation will be a school garden, which is defined as an
out-of-classroom setting because students are leaving their typical science classrooms to work in
an outdoor classroom and science laboratory. The focus of the PjBL units is the integration of
knowledge with the process of scientific inquiry and the creation of an end product or solution;
this instructional method parallels that and has the same emphasis as the NGSS (Lead States,
2013).
Over the last decade, more PjBL units in out-of-classroom settings have become incorporated into middle school science curricula. Current research demonstrates that project-based
learning and problem-based learning (PBL) effectively facilitate student learning. A meta-analysis conducted by Dochy, Segers, Van den Bossche, and Gijbels (2003) on 43 articles
found a strong positive effect size (ES = 0.46), suggesting the PjBL and PBL increases student
learning beyond that of traditional lecture-based classes at the post-secondary level. This finding
was confirmed by Walker and Leary (2009). However, note that Strobel and van Barneveld
(2009) suggest that PjBL and PBL are effective only under certain conditions, e.g., settings. It
may be the case that exposure to a science inquiry unit in a school garden will help influence an
individual to engage in and to understand scientific inquiry knowledge and practices. Researchers and educators must understand how these learning methods and informal settings affect students. This is especially important to school gardens set in middle schools where little to no em-
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pirical studies have been conducted. It may be the case that by performing a PjBL unit in a
school garden, students’ scientific practices and knowledge about scientific inquiry may change
in ways that are different from what happens in typical classroom settings.
Over the last decade, school gardens have been used to promote better nutrition and
health habits in students (Gato, 2012; Ratcliffe, Merrigan, Rogers, & Goldberg, 2011), to promote pro-environmental attitudes (Williams & Dixon, 2013), and to teach environmental education (Williams & Dixon, 2013). However, little research has specifically looked at how a school
garden can be adapted as a model to promote nature of scientific inquiry and the practices associated with inquiry. Currently, there is a gap in the literature informing educators and researchers
about how a school garden could be considered to be a living laboratory to help promote and to
facilitate SI knowledge and practices in students.
If researchers can understand the how, then they have the ability to implement changes to
several systems from education, to policy, to informal setting design. This could provide students
with the best possibility of knowledge acquisition in the constructs of SI and practices. Research
from both the learning sciences and science education has demonstrated how formal settings
contribute to the nature of scientific inquiry and scientific practices. Learners can develop
knowledge about inquiry through various instructional and design methods in these formal settings. More empirical studies with the intention to understand how students gain knowledge
about SI and practices in an informal setting need to be conducted. On a broader scale, this research can inform the public about how the nature of science and the nature of scientific inquiry
is occurring in informal settings. This could subsequently impact policy, design of informal venues, and curricula in place at informal settings. As the NRC (2009, 2012a, 2012b) states, informal settings may help learners become better informed citizens and individuals who are more
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adept problem solvers and consumers of science, thereby helping citizens to become more scientifically literate (Roberts & Bybee, 2014). This dissertation will add to the literature by investigating how an out-of-classroom setting can facilitate knowledge about SI and the practices performed throughout the process of inquiry.
Implications and Future Research
Based on the literature discussed in this chapter, a school garden inquiry investigation
unit was created for a middle school science class. This school garden inquiry investigation exposed students to Next Generation Science Standard practices in addition to Nature of Science
Inquiry aspects. This dissertation investigated the nature of SI and practices specifically through
Next Generation Science Standard practices demonstrated during a ten-week school garden project-based learning inquiry unit with sixth grade students enrolled in science courses at an urban
middle school. The purpose of this research is to investigate two areas: whether knowledge of
and understanding of SI and practices can be developed when learning in an informal garden setting with curriculum and how these practices help create knowledge about the process of inquiry.
The specific research questions that will guide this research are:
1). How does participating in the school garden inquiry unit affect students' scientific
practices?
2). How does participating in the school garden inquiry unit affect students' knowledge
and understanding about science inquiry?
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3 METHODOLOGY
Theoretical Framework
Over the last two decades, researchers in education and psychology have begun to take a
more mixed-methods approach to investigating humans because of the complexity of the interactions of human emotions and reasoning. Mixed-methods is a type of research that involves both
analyzing and integrating quantitative data, e.g., experiments or survey, and qualitative data, e.g.,
interviews, focus groups, and field notes. This approach allows researchers to understand the
human participant more holistically (Cameron, 2011). There is not a specific paradigm that encompassed both quantitative and qualitative methods (Johnson & Onwuegbuzie, 2004). The researcher has chosen to conduct the study using the paradigm of constructivism.
constructivism.
In order to address the influence of individualistic thinking, learner prior experiences, and
relationships with objects or ideas, constructivism has been selected as a guiding paradigm for
the research in this dissertation (Crotty, 1998). Constructivism is a paradigm in which learning is
an active, constructive process in which learners construct new knowledge from prior knowledge
and experiences (Matthews, 2002). Therefore, mental representations are subjective for each individual (Matthews, 2002). Each person has a different interpretation and process in the construction of knowledge. The learner brings past experiences and cultural factors to a situation
(Vygotsky, 1997). Constructivism assumes that all knowledge is constructed from the learner’s
previous knowledge, regardless of how one is taught (Vygotsky, 1978). Thus, even listening to a
peer involves active attempts to construct new knowledge; just as participating in dialogue with a
peer may construct new knowledge. Moreover, in this paradigm, learners continuously test their
ideas through social negotiation (Schcolnik, Kol, & Abarbanel, 2006). Crotty (1998) identified
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several assumptions about the process of learning under constructivism: meaning is created as an
individual engages with the world that he/she is interpreting; individuals engage with their world
and make sense of it based on their own historical and social perspectives; and the generation of
meaning is social, arising due to interactions within specific communities.
There are two main approaches to constructivism: cognitive constructivism and social
constructivism. The approaches are not mutually exclusive but complement and support how an
individual can construct new knowledge. However, the two approaches are fundamentally different from each other due to the lens which an individual uses. Jean Piaget, a developmental cognitive psychologist, first discussed the cognitive constructionist approach. He focused on the importance of the mind in learning. Lev Vygotsky, a psychologist, focused on the effect of social
interaction on learning (Vygotsky, 1997).
Through Piaget’s lens, individuals are always accommodating or assimilating new information in their minds. Piaget explained that individuals use their cognitive structures, working
memory, and long-term memory to interpret and to understand information (Bachtold, 2013).
When individuals encounter new information, they use their cognitive structures to assimilate the
new information into an existing schema. With time, the assimilated new information modifies
the existing cognitive structures. Therefore, the cognitive structures are accommodating to the
new information or environment. There is continuous interplay between mind and environment;
cognitive structures are always constructing new knowledge (Bachtold, 2013).
Vygotsky did not deny the role of cognition in the individual but rather argued that interpersonal learning comes before intrapersonal learning (Bachtols, 2013). Vygotsky emphasized
the importance of social cognition and the effect of social interaction on the construction of new
knowledge (Vygotsky, 1978). He claimed that one cannot try to understand how an individual
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thinks’ without taking into consideration the cultural context in which an individual’s thoughts
develop (Bachtols, 2013). Because constructivism depends upon the intertwining of cognitive
and cultural influences, it has laid the foundation to better understand how context and setting
affect learning.
Conceptual Framework
In Chapter One, four constructs were discussed: scientific inquiry, NGSS/NOSI, out-ofclassroom settings, and the actions and behaviors which professional scientists and engineers
perform in their everyday lives. These constructs create the conceptual framework for this dissertation see Figure 2 below.

Figure 2. Venn diagram representing the four constructs and how each have a role in the intervention. The intersect of these constructs is circled in red.
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These four constructs all play a role in how the intervention was designed. The out-ofclassroom setting, i.e., school garden, is an authentic site for students to perform the process of
scientific inquiry. The school garden allows students to witness natural phenomena as well as
create connections between prior knowledge and new knowledge. In addition, the students are
participating in activities that connect both NGSS practices with the NOSI aspects. As the students are exposed to and immersed in the process of scientific inquiry by participating in these
activities, the students are actually behaving and acting as professional scientists and engineers.
This direct connection between what the students are doing and learning and what professionals
do gives students a better perspective in how they see themselves in a future science or engineering career. That is why these four constructs are intertwined with one another for this dissertation. All four constructs play different but vital roles in how a student learns from this type of
out-of-classroom intervention.
The paradigm and the conceptual framework discussed allow for the research to proceed
with a mixed-method approach; constructivism facilitates critical inquiry of how to solve a problem or design an investigation with the understanding that individuals come with their own biases and experiences. In addition, with the support of constructivism, the research can further investigate how individuals’ cognitive and social differences can influence how an individual creates or understands new knowledge. The conceptual framework will allow investigation of the
students’ interactions with the setting, with each other, and with the artifacts in the setting.
The research performed in this dissertation is based on the belief that the authentic experiences of the student participants are unique, compared to their traditional school counterparts or
students participating in an out-of-classroom setting without a structured curriculum. Constructivism and my conceptual framework will be essential for framing this research. Data collection
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is focused on understanding students’ authentic experiences in an out-of-classroom setting, i.e., a
school garden. In order to obtain richer participant information, the participants’ interviews explored their experiences in the informal setting as well as their understanding of science practices
and the process of scientific inquiry. By understanding how setting can affect an individual’s
view on inquiry and scientific practices, the researcher can devise educational interventions that
support students’ facilitation of scientific practices.
The research conducted for this dissertation is mixed-method because such a multi-faceted approach is required to answer the two primary research questions:
1). How does participating in the school garden inquiry unit affect students' understanding about science inquiry?
2). How does participating in the school garden inquiry unit affect students' scientific
practices?
It may be in the best interests for research in out-of-classroom settings to conduct studies
that use a mixed methods approach, incorporating both quantitative and qualitative components
(Kim & Dopico, 2016). The use of both types of data sets can provide a better representation of
the investigation and the participants. Qualitative work allows researchers to gain a more comprehensive understanding of a participant’s response (Gillespie & Melber, 2014; Taylor, 2014).
Researchers should investigate participation in an activity at an out-of-classroom setting compared to students who did not participate at an out-of-classroom setting to determine whether the
setting affected the participant’s learning, and then the researchers could compare the groups for
statistical differences (Sturm & Bogner, 2010).
A mixed-method approach is best for this line of research because the data being collected is from two types of data sources: quantitative and qualitative (Cresswell & Clark, 2011). The
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mixed-method approach is implemented because this method allows implementation of qualitative and quantitative strands simultaneously during the research process (Cresswell & Clark,
2017).
As stated, the theory guiding this research is constructivism. In addition, the conceptual
framework created also guided the research, see Figure 1. The chosen epistemology and created
conceptual framework focus on the individual’s experience and how the individual creates meaning from an object or event. The use of a mixed-methods design allows gathering of both quantitative and qualitative data about the students’ experience throughout the school garden inquiry
unit. Each type of data source is needed because it gives one perspective of each participant’s
experience, and when considered together, the sources create a more holistic view of each participant. In addition, each data source is for a particular construct: scientific practices and
knowledge about inquiry. The quantitative data gives a broader understanding of what level of
application the students possess about their scientific practices. The qualitative data can give a
deeper understanding of what the participants are experiencing and their understanding about the
process and nature of inquiry that occurs during an investigation (Creswell, 2005).
As discussed in this section, a mixed-methods design is the best research design for this
dissertation. The quantitative data collected cannot be fully interpreted without the qualitative
data; both data sources are needed to create a richer more meaningful understanding of each student participant’s application and views on science practices (Cresswall & Clark, 2011, 2017;
Gay, Mills & Airasian, 2009).

Context of Study
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This study was conducted in an urban context. An urban context is defined as 2,500 to
50,000 people found in a populated area or 1,000 people found per square mile (urban context,
www.census.gov). In addition, the participating school is a middle-school made up of 769 students with 97.6% of the school demographic being African-American. The school is 50% male
and 50% female, and 57.9% of the school is eligible to participate in the National School Lunch
Program (NSLP, www.benefits.gov). 48.6% of the students receive free lunch, and 9.3% receiving reduced lunch (Dekalb County, www.ga.us). To qualify for free lunch, a student’s family annual income must be under $15,171 in 2015 (NSLP,www.benefits.gov). To qualify for reduced
lunch, a student’s family annual income must be below $21,590 in 2015 (NSLP,
www.benefits.gov). Due to these school factors of socio-economic status, the participating
school is characterized as a Title 1 school; it receives federal grants to fund the school (Title 1,
www.ed.gov). The Title 1 status is the primary reason for conducting my dissertation research at
this school; a school garden intervention would help expand the school’s ability to produce food
while complementing students’ experiences and knowledge with nutrition and healthy eating
choices.
school and community.
The school for this study is found in an area which is populated by food deserts. Food deserts are locations where it is difficult for families to purchase perishable items such as vegetables and meats. Instead, neighbors are found in areas of isolation where the closest grocery store
is miles away. Because perishable items are more difficult to get, many individuals in these
communities experience poor nutrition. Furthermore, because they live in a food desert, some
individuals do not even recognize fresh food. Due to the location of the participating school, the
intervention was designed around the main idea of “how to stop world hunger.” From this larger
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idea, the researcher helped the students discover that they themselves could help their community. The intervention tried to inform students that they have the ability to create change in their
community even as small as a school garden.
From an individual level, the researcher wanted to empower the students from this
low-income community. The researcher wanted to expose students to different forms of agriculture and ecology; thereby giving students new knowledge sources which they could share with
their parents or contribute to the community. The goal was that in the future these students could
walk into a store and have the ability to identify different produce and other forms of nutrition.
Finally, the majority of the students living in this community do not have a strong connection with nature. With this intervention the researcher exposed students to nature and how
they fit into the natural world. By being exposed and immersed in nature through this intervention, the researcher hoped that the students would develop an appreciation and respect for the
natural world.
Design of the Study
This study employed an exploratory intervention strategy defined by a data collection period at the beginning and at the end of the exploratory intervention (see Table 1). An intervention
is defined as a designated time period in which students are exposed to or experience new information or ways of learning which can promote or facilitate learning in a particular domain
(Clements et al, 2011). The intervention will consist of five inquiry garden lessons; students had
the ability to practice their inquiry practices and their knowledge about gardens during the intervention.
Current Study
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The following describes the context for this dissertation study which took place in Spring
2018.
participants.
This study focused on adolescents because the adolescent brain undergoes many physiological and psychological changes. An adolescent’s brain is maturing, which allows him/her to
understand and comprehend new information (Choudhury, Blakemore, & Charman, 2006;
Giedd, Stockman, Weddle, Liverpool, Wallace, Lee, Lalonde, & Lenroot, 2012; Mills, Lalonde,
Clasen, Giedd, & Blakemore, 2012; Sisk & Foster, 2004; Steinberg,Vadell, & Bornstein, 2011).
Therefore, during this stage of life, adolescents may develop better problem-solving skills, critical thinking skills, organization, and self-reflection (Reyna, Chapman, Dougherty, & Confrey,
2012). At this age, the brain has achieved the ability to think abstractly and logically, allowing
the development of scientific inquiry, including, but not limited to, the scientific practices and
knowledge about the nature of science inquiry.
In addition to adolescents being the target age range, middle-schoolers were specifically
chosen for this study because middle school is when many students are exposed to more content-driven science units rather than general overviews that occur in elementary school (NGSS,
2013). Due to state level curricula, this dissertation focused on Georgia state middle grade level
curriculum. In the state of Georgia, sixth grade science class curricula content is focused on earth
science; seventh grade is focused on life science; and eighth grade is focused on physical science. Participating students were drawn from sixth grade science classes in an urban middleschool located in a large district in the Southeast of the United States. Both groups of students
learned the third unit found in the Georgia middle-school sequence on earth and soil. Students in
both groups were exposed to curriculum that is in line with the Science Georgia Standards of Ex-
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cellence (www.georgiastandards.org) and Next Generation Science Standards (NGSS Lead
States, 2013), but the lessons and activities were different between treatment and comparison
groups.
treatment group.
Two treatment classes from sixth grade participated. The treatment classes participated in
the school garden during their normal daily science class over an eight-week period for a total of
25 instructional days. The researcher taught each treatment class for a fifty-five-minute period on
Mondays, Tuesday, Wednesdays, and Fridays. On Thursdays, the lead science teacher from the
school, reviewed what the researcher taught the previous days. Students in the treatment classes
were exposed to a total of 23.1 hours of the intervention. These students participated in inquiry
activities in groups of four or five as well as direct and explicit instruction by the researcher. All
documents that treatment group students received can be found in the materials section.
comparison group.
One comparison class from sixth grade participated. The researcher was only allowed in
the comparison group classroom for the post-test. The researcher was not able to observe the
comparison class teacher during her science lessons. The comparison group teacher taught the
same standards as the researcher; however, no observation sheets were filled out for the comparison teacher. The researcher could only speculate about what was taught in the comparison group
classroom.

materials.
school garden PjBL inquiry lessons. (see Appendix A)
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All students participating in the treatment classes used a curriculum created and taught by
the researcher. This curriculum was school-garden oriented with learning outcomes aligned with
the Next Generation Science Standards for the three constructs: science and engineering practices, disciplinary core ideas, and crosscutting concepts (Lead States NGSS, 2013). In addition, integrated within the lessons were the eight aspects of the SI: 1) questions guide investigations, 2)
multiple methods of scientific investigations, 3) inquiry procedures are guided by the question
asked, 4) all scientists performing the same procedures may not get the same results, 5) inquiry
procedures can influence results, 6) sources, roles of, and distinctions between scientific data and
scientific evidence, 7) research conclusions must be consistent with data collected, and 8) explanations are developed from a combination of collected data and what is already known (Lederman et al, 2014; Schwartz, Lederman & Lederman, 2008). The NGSS and eight aspects of the SI
were explicitly explained and discussed throughout the lessons with the students. These explicit
cues were needed for students to internalize and to apply this information to their own investigations (Lederman et al, 2014; Schwartz & Lederman, 2002; Schwartz, Lederman, & Lederman,
2008). Students needed to understand that the practices were not to be conducted in a linear fashion but more like a string in part of a complex web. As students started to participate in different
inquiry units, they noticed that their methods for inquiry changed due to the setting or context.
All of the lessons connected to the broad overarching question that was posed to the
treatment classes on the first day, “How can we solve world hunger?”. From this large question
the researcher guided students into a more attainable goal, “How can we help solve hunger in our
community?” Throughout the lessons the researcher helped students connect with the broader
question, helping to solve hunger in their community. The five garden lessons included: how to
begin an investigation about world hunger, surveying the land, how to investigate which plants to
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grow, how to plant, and how to engineer a garden constructed from recyclables (see Appendix
A). All five garden-inquiry lessons were project-based, allowing students to create solutions to
STEM-affiliated problems. Lessons included open-ended questions and activities for students to
complete.
Each lesson duration ranged from one class period to three class periods. The lessons
were flexible with respect to class time to allow students more time to perform authentic scientific inquiry. Students completed five school garden PjBL inquiry lessons before the post-test
measure was taken. All lessons were validated with the treatment class teacher, middle-school
science coach, and a science educator at the university. All three parties critiqued and made suggestions with respect to where to change the garden inquiry lessons. Garden inquiry lessons were
not taught until all three parties approved the five lessons.
lesson worksheets.
Throughout each lesson, students were given open-ended questions and worksheets to
complete and place in their field notebooks during their garden experience (see Appendix B).
These questions and worksheets stimulated students to think critically about their investigation
and what scientific practices and knowledge about inquiry were being used in the day’s lesson.
All lesson questions and worksheets were validated with the science coach, the treatment class
teacher, and science educator at the university. All three parties critiqued and made suggestions
to improve the garden lesson prompts for treatment group students.
field notes and photographs
During each lesson, the researcher took field notes and photographs as the students completed the lesson prompts and lesson activities. Notes were written according to level of interaction: student-with-student, student-with-teacher, student-with-researcher, and student by himself.
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Notes were taken each day when a lesson was taught. Photographs were also taken throughout
the intervention. The photographs showed the level of interaction: student-with-student, studentwith-teacher, student-with-researcher, and student by himself as well as the practices engaged
with by the students.
fidelity worksheets (Inquiry Analysis Tool).
To ensure that all five lessons were taught with fidelity, the researcher was observed by
the following individuals: a science coach from the middle-school, a sixth-grade science teacher
from the middle school, and a visiting professor from a large southeastern university. Each individual completed a fidelity worksheet adapted by Volkmann and Abell (2003) (see Inquiry
Analysis Tool, Appendix E). This fidelity worksheet validated that the researcher was actively
instructing the treatment group students with the correct curriculum for each specified lesson, see
Table 4 below.
The fidelity sheet is divided into six areas: 1. Engage learners in scientifically-oriented
questions; 2. Ask learners to give priority to data/evidence; 3. Encourage learners to create and
design investigations from research; 4. Discuss with learners subjectiveness and tentativeness of
science; 5. Expect learners to communicate and justify their proposed designs, investigations,
and explanations; and 6. Discuss with learners the importance of modeling in science. Across all
six areas, more detailed sub-questions were asked. As the lesson was being taught, the researcher
was being observed and evaluated with the fidelity tool. According to the fidelity tool there are
three options for demonstrating that a concept was taught to the class: yes, it was taught, no it
was not taught, or it was not applicable. Furthermore, not all six areas on the fidelity sheet were
seen in every lesson.
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Table 4. Inquiry Analysis Tool (modified) (Volkmann & Abell, 2003)

Does the material/lesson:
1. Engage learners in scientifically-oriented questions?
- Do questions guide inquiry?
- Are questions relevant to students?
- Do students understand that investigations start with a
guiding question?
2. Ask learners to give priority to data/evidence?
- Do students understand the difference between data
and evidence?
- Do students use their senses and instruments to collect
data?
- Are students taught that different individuals can collect different data due to different methodologies?
- Do students evaluate the data they are gathering?
3. Encourage learners to create and design investigations from research?
- Are students encouraged to design their own investigations?
- Do students base their investigations from research?
- Are students asked to explain their reasoning for the
design of their investigation?
- Do students plan and organize their investigations?
4. Discuss with learners subjectiveness and tentativeness of science?
- Do students understand that each group may have different procedures and conclusions?
- Do students understand that creativity and imagination
are used in science?
- Do students understand that science can change due to
new discoveries and technology?
5. Expect learners to communicate and justify their
proposed designs, investigations, and explanations?
- Do students have opportunities to discuss their ideas in
small groups?
- Do students have opportunities to present their ideas
through writing, drawing, or thinking?
- Do students have opportunities to present their ideas to
other audiences? Ex) the class
6. Discuss with learners the importance of modeling
in science.
- Are students encouraged to create models?

Yes

No

N/A
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-

Do students understand what is a scientific model and
how it helps them learn new information?
Do students practice modeling with their groups?
Do students create explanations using their models
for reasoning?
A total of ten fidelity sheets were completed over the five garden-inquiry lessons. For a

total of 25 instructional days, the researcher taught each class for a fifty-five-minute period on
Mondays, Tuesday, Wednesdays, and Fridays. Many of the lessons took more than one class period to complete. However, one fidelity worksheet was used per lesson rather than over each
class period taught.
measures.
views about scientific inquiry - modified (VASI); eight open-ended items (Lederman et
al, 2014).
This measure was created to better understand how students comprehend scientific inquiry and all aspects that align with inquiry (see Appendix E). Researchers created this instrument to investigate the doing and understanding of inquiry. One additional question was added
to the original instrument for this dissertation. The extra question asked about scientific modeling. The general aspects of this instrument include: 1) questions to guide investigations,
2) multiple methods of scientific investigations, 3) inquiry procedures are guided by the question
asked, 4) all scientists performing the same procedures may not get the same results, 5) inquiry
procedures can influence results, 6) sources, roles of, and distinctions between scientific data and
scientific evidence, 7) research conclusions must be consistent with data collected, and 8) how
explanations and models are developed from a combination of collected data and what is already
known. Scoring responses were based on what inquiry aspects could be found in each individual
question. Scoring was completed in a hierarchy of 0 – 3; (0 - missing or no answer, 1 - naive sur-
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face level comprehension, 2 - mixed understanding, and 3 - deeper level understanding may use
an example within the response) to distinguish the level of comprehension for each question.
Therefore, each student will have a comprehension score for each individual VASI item
(Schwartz, Lederman & Lederman, 2008). This instrument has been validated with teachers, preservice teachers, and students (Lederman et al, 2014; Lederman, Lederman, & Antink, 2013;
Schwartz & Lederman, 2008; Schwartz, Lederman & Lederman, 2008).
views about scientific inquiry interview - modified VASI; eight open-ended items (Lederman et al, 2014; Schwartz, 2005).
For the interviews, only 25% of the overall treatment group was asked to give pre-test
and post-test questionnaire interviews. The researcher first read over the surveys and then reviewed the survey with the individual student. The researcher probed the interviewee about
his/her written answer and asked him/her to elaborate or to explain why he/she wrote something
in the response. This interview data was used to support what is said in the open-ended questionnaire. The interview allowed the researcher to have a more holistic understanding about a student’s responses. The interview data is not necessarily scored but instead used as an extension
and support of the written response. The interview response allowed the researcher to confirm
that the written open-ended questionnaire items were scored correctly (Lederman et al, 2014;
Schwartz, Lederman & Lederman, 2008).
scientific practices - Project 2061.
Eight multiple choice items were chosen from the Project 2061 assessment bank (AAAS,
1990). The items were under the content topic: Nature of Science. Within this topic, the subtopics, control of variables strategy (CVS) and modeling (see Appendix D) were chosen as content
knowledge that can be measured. Though these items directly relate to the NOS, they can also be
observed in inquiry practices and the understanding of scientific inquiry (Lederman et al, 2013;
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Schwartz & Lederman, 2008). An individual must understand what variables to use and when to
use them in order to conduct an investigation (Chen & Klahr, 1999). As with modeling, students
must be able to demonstrate how they can create a model of a natural phenomenon or explain
how a model can help their process in an investigation (Schwartz & Lederman, 2005). These
items were specifically chosen because, throughout the garden intervention, the students were
asked to demonstrate their understanding with different variables as well as to draw models for
their garden and engineering challenges.
Consequently, across the eight items, some questions are more straightforward for students to interpret, such as the CVS item with a farmer and two different fields or the modeling
item asking what components are needed for a model of a ship. Furthermore, the straightforward
items were chosen because each item relates to earth or biological sciences. These questions
were purposefully chosen due to the direct association between activities and processes to which
the treatment group of students would be exposed during the intervention. This was done intentionally to help the students better understand what the items were asking. The researcher did not
want to give items that would cause more cognitive load on the students’ working memories. Rather, the researcher wanted the students to view items that they could find consistent with a direct
transfer of knowledge.
These items were created with funding from the National Science Foundation and have
been validated with over 1000 middle and high school students (AAAS, 2016). These answers
were scored for correctness with a range from 0 – 1, with a maximum score of 8 for all answers
being correct. Cohen’s Kappa was calculated to determine how these eight questions worked together, even though the questions were created to be used in a mix and match fashion
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Procedures
Pencil and paper assessment items were given to treatment group students prior to participation in school garden PjBL inquiry activities (pre-test) and following completion of school
garden PjBL inquiry activities (post-test) (see Figure 3). In addition, 25% of students from both
treatment group class periods were interviewed. The pre-test, post-test, and interviews occurred
during the allotted science class period. The researcher administered the surveys to the classes
and proctored the individual student interviews. The comparison group was only able to take the
post-test survey. Due to circumstances beyond the control of the researcher, i.e., parent permission forms not being signed until late into the intervention and lack of instructional time given to
the researcher, the comparison group was only given the assessment as a post-test survey rather
than a pre-test and post-test survey.
data collection.
Pre-test and post-test data were collected through a paper-and-pencil survey before the
first school garden inquiry lesson and after the last school garden inquiry lesson. After the pencil-and-paper pre-test, 25% of the students were also interviewed. Following the post-test written
survey 50% of the students were interviewed after the last school garden inquiry lesson. The researcher collected field notes and made group observations during each school garden inquiry
lesson. Pre-test and post-test measures were collected with the treatment group as planned. However, testing of the comparison group was limited to only one time point because the teacher of
the comparison group allotted only one day of instructional time for the primary researcher to
collect measures. Because of this limitation, the researcher only collected data with the comparison group class during the same week as collecting post-test results with the treatment group.
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Table 5 below demonstrates how intervention lessons align with the eight aspects of scientific
inquiry and the eight practices by NGSS.

Time

Delay

Items for Students to Complete
8 items Views About Scientific Inquiry

1

n/a
8 items Scientific practices
8 items Views About Scientific Inquiry

Eights weeks after

2
Time 1

8 items Scientific practices

Figure 3. Framework overview for study procedures and what items will be collected with students during the two different time points. Please note that 25% of the participants were also be
interviewed at these time points.

Table 5. How Lessons Align with VASI Questionnaire, NGSS Practices, and Aspects of SI
Lesson

Objective

VASI
Item #

AAAS
Item #

1

How to investigate world hunger.

1

NA

NGSS Practice(s)
Asking questions.
Planning and carrying out investigations.
Obtaining, evaluating, and
communicating information.

Aspect(s) of SI
Scientific investigations all begin with a
question but do not necessarily test a hypothesis.
There is no single set or sequence of steps
followed in all investigations.
Inquiry procedures are guided by the question asked.

2.1

What is observation?

1

NA

Asking questions.
Analyzing and interpreting
data.
Using mathematical thinking.

Scientific investigations all begin with a
question but do not necessarily test a hypothesis.
Inquiry procedures are guided by the question asked.
All scientists performing the same procedures may not get the same results.

2.2

What is the difference between

1, 2,
3b

NA

Asking questions.

All scientists performing the same procedure may not get the same results.
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observation and
inference?

Constructing an explanation.
Analyzing and interpreting
data.

Multiple methods for the same question.
Different conclusions may be justifiable
from the same set of data or information.
Scientific data are not the same as scientific evidence.

3.1

How to plan an
experiment?

3a, 4

How do procedures affect results?

Control Planning and carrying out an
Variables investigation.
Strategy
Analyzing and interpreting
data.
Constructing explanations.

Inquiry procedures are guided by the question asked.
Inquiry procedures can influence results.
Scientific data are not the same as scientific evidence.
Explanations are developed from a combination of collected data and what is already
known.

3.2

Understanding
types of data.
Differences between quantitative and qualitative data.

3b, 4

Control Analyzing and interpreting
Variables data.
Strategy
Constructing explanations.

Scientific investigations all begin with a
question and do not necessarily test a hypothesis.
Inquiry procedures can influence results.

Obtaining, evaluating, and
communicating information
and using this information.

How are data
and evidence
different?

Scientific data are not the same as scientific evidence.
All scientists performing the same procedure may not get the same results.
Research conclusions must be consistent
with the data collected.
Explanations are developed from a combination of collected data and what is already
known.

4

Why do we plan
our investigation
first?
How does evidence support
your explanations?

6, 7

NA

Asking questions and defining
problems.
Planning and carrying out investigations.
Obtaining, evaluating, and
communicating information.
Constructing explanations.

Scientific investigations all begin with a
question and do not necessarily test a hypothesis.
Inquiry procedures are guided by the question asked.
All scientists performing the same procedure may not get the same results.
Research conclusions must be consistent
with the data collected.
Explanations are developed from a combi-
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nation of collected data and what is already
known.
5.1

Learning how to
design.

5, 8

Modeling Asking questions.
Developing a model.

Scientific investigations all begin with a
question and do not necessarily test a hypothesis.
Inquiry procedures are guided by the question asked.
There is no single set or sequence of steps
followed in all investigations.
All scientists performing the same procedure may not get the same results.

5.2

Evaluation of
engineering design

8

Modeling Developing a model.
Engaging in argument from
evidence.
Constructing explanations and
designing solutions.

Inquiry procedures are guided by the question asked.
All scientists performing the same procedure may not get the same results.
Inquiry procedures can influence results or
design.

Evaluate competing design
solutions based on jointly developed and agreed-upon design criteria.
5.3

Construction of
engineering design

8

Modeling Developing a using a model.
Optimize performance of a
design by prioritizing criteria,
making tradeoffs, testing, revising, and re- testing.

Explanations are developed from a combination of collected data and what is already
known.
Inquiry procedures are guided by the question asked.
Inquiry procedures can influence results.
Explanations and models are developed
from a combination of collected data and
what is already known.

Analysis
During analysis, it became apparent that within the span of the school-garden intervention (eight weeks), two students had moved from the school district, and one student switched to
another sixth-grade team. These absences are accounted for in all figures and tables. These absences should be taken into consideration when looking at the treatment group’s post-test scores
for both assessments.
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qualitative analysis.
The researcher investigated whether participation in the school garden affected students’
understanding and knowledge about scientific inquiry and practices by conducting qualitative
analysis on post-test VASI items and interview items in addition to triangulating fieldnotes and
photographs to support students’ responses.
fidelity worksheets (inquiry analysis tool).
The researcher used triangulation between the fidelity worksheets and the student VASI
responses to better understand what aspects could have been more explicitly discussed by the
researcher during the intervention. A frequency table in Chapter 4 displays what was observed
being discussed and taught throughout each lesson.
views about scientific inquiry – modified VASI; eight open-ended items (Lederman et al,
2014; Schwartz, 2005).
The eight items are open-ended responses. These responses were coded following a protocol coding process created by the original authors of the instrument (Lederman et al, 2014).
Responses were analyzed to describe the degree to which responses were indicative of accurate
conceptual understanding of scientific inquiry aspects. There was a total of four levels: Level 0 –
missing data, Level 1 – an incorrect or naive surface level understanding; Level 2 – mixed understanding responses consistent with an accepted scientific inquiry aspect(s) but does not display meaningful comprehension over an inquiry aspect; and Level 3 – the correct response includes an explanation with an inquiry aspect(s) and demonstrates mature understanding of scientific investigations and scientific practices. This rubric assigned students a score for a comprehension rating for each VASI item (Lederman et al, 2014; Schwartz, Lederman & Lederman,
2008). There is not a specific one-to-one correspondence of VASI item to aspect found in SI.
The researcher used the scoring rubric from the original paper to guide initial coding for targeted
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comprehension about scientific inquiry aspects (Lederman et al, 2014; Schwartz, Lederman, &
Lederman, 2008). Table 6 below demonstrates how the eight aspects of NOSI align with the
questions from the VASI instrument with the addition of Question 8 concerning models. Student
written responses were first reviewed and coded with descriptors relating to the targeted aspect in
scientific inquiry. After initial coding, a coding rubric was adapted from Lederman et al. (2014)
(see Table 7), and once finalized, the researcher and another researcher used it to code the student responses. The student responses were coded independently from each other to establish
interrater reliability (Miles & Huberman, 1994; Gwet, 2014). Interrater reliability was calculated
using Cohen’s kappa.
When coding differences arose between researchers, the codes were discussed until
reaching agreement. This constant review of responses continued until researchers achieved an
interrater reliability score of Kappas Cohen = .95 (Gwet, 2014).

Table 6. Aspects of Scientific Inquiry (SI) and Corresponding Items on VASI Questionnaire
Aspect of Scientific Inquiry

VASI Item #

1. Scientific investigations all begin with a question but do not necessarily test
a hypothesis.

1a, 1b, 2

2. There is no single set and sequence of steps followed in all scientific investigations (i.e., there is no single scientific method).

1b, 1c

3. Inquiry procedures are guided by the question asked; questions drive the
process.

5

4. All scientists performing the same procedures may not get the same conclusions.

3a

5. Inquiry procedures can influence the conclusions.

3b

6. Research conclusions must be consistent with the data collected.

6

7. Scientific data are not the same as scientific evidence.

4
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8. Explanations and models are developed from a combination of collected data
and what is already known.

7a, 7b, 8

*Question 8 was taken from the Views On Scientific Inquiry (VOSI) and added to this student
questionnaire for this dissertation.

Table 7. Rubric for Scoring the VASI Questionnaire (adapted from Lederman et al., 2014)
Question Number and
Inquiry Aspect
1a, 1b and 1c.
Scientific investigations can follow different methods

Informed

Mixed

Naive

All three answers
must be appropriate:

No more than one of 1c: Only one scienthe following types of tific method
mistakes:
1a: Yes, the investigaOr: any two/more
tion is scientific as it 1b: Yes, it is an exper- mistakes, e.g: 1b: Yes,
aims to explain some iment
experimental and 1c:
aspect of the natural
similar examples
Or: 1c: both examples
world
are experimental
1b: No, it is not an
experiment as there is Or: 1c: both examples
are non-experimental
no manipulation/control of variables/testing
1c: Yes, investigations can follow different method: experimental/practical/testi
ng as opposed to nonexperimental/research/investigati
on/observation/theoret
ical/not practical
Two suitable examples required: one experimental and the
other nonexperimental
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2. A scientific investigation should begin
with a question, not
necessarily a hypothesis

A question is the fun- A question is useful
damental reason why but is regarded as part
an investigation is un- of a formal structure
dertaken
Investigation may be
undertaken first and
questions formulated
later

Investigations should
start with a hypothesis; questions are not
essential

3a. All scientists performing the same procedures may not get
the same results

The human factor
may cause different
interpretations of similar data, leading to
different results

Imperfect experimental conditions
may lead to different
results

Similar procedures
would always lead to
the same results/human error

Different results
would be primarily
caused by the different interpretations

Only one result is
possible regardless of
the procedure

3b. Procedures of in- Different procedures
vestigations can influ- would yield different
ence results
results/ different results can also lead to
the same conclusion
4. Data are not the
same scientific evidence

Evidence is generated Evidence differs from There is no difference
from data, to support data; unclear/wrong/
between data and evia claim/conclusion
no explanation
dence

5. Questions drives
the process

Team A did the best
experiment because
they addressed the
proposed question

Team A did better, no Team B did better,
explanation/argues
illogical or no explathat the tire has a
nation
larger effect than road

6. Conclusions should Option (b) is correct,
be consistent with da- i.e. ‘plants grow taller
ta collected
with less sunlight’
because the data
showed such a trend

Option (c) is correct, Option (a) is correct,
i.e. ‘growth not relat- with or without an
ed to sunlight’ with an explanation
explanation
Or: option (c) with no
Or: option (b) without or illogical explaining
Speculations about the explaining
‘unusual’ data are acceptable provided option (b) is chosen
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7a and 7b.
Explanations and
models must be based
on data and existing
scientific knowledge

Three relevant ideas: Only two relevant
Two reasons: function ideas
of larger hind legs/
comparison with existing models of dinosaurs/fitting of joints
One information type:
existing knowledge of
dinosaurs/skeletons/
joints

One or no relevant
ideas

8a, 8b, and example.
Explanations and
models must be based
on data and existing
scientific knowledge

Two relevant ideas:

One relevant idea

Models are a representation of an event,
process, or object.
Models assist in explaining and assist in
creating new
knowledge.

Only two relevant
ideas,
Or: only one relevant
idea with one example

interviews over the VASI.
These interviews produced descriptions of how students understand practices and what
knowledge was created from the process of SI. Interview recordings for Views About Scientific
Inquiry - modified were listened to before analysis. The interviews should demonstrate that the
interview responses are parallel or similar to the written responses. Both the interview recordings
and the open-ended responses were compared to one another to determine if any new themes
arose out of the interview data.
Interviews were collected during both pre-test and post-test with the treatment groups and
post-test with the comparison group. The researcher sat side-by-side with an individual student
and probed the student about his/her responses to each VASI question. After reviewing the results of the interviews with another researcher, it was decided that the interviews could not be
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used for this dissertation. This decision was made because, when listening to the interviews, the
VASI instrument was used more as a teaching tool then as a questionnaire. The researcher assumed that the students’ ages and emotions influenced their responses as they were timid and shy
in their responses. Almost all of the students looked to the researcher at the end of their responses for acknowledgment of correctness rather than understanding that the questions have no right
or wrong answer. Sometimes the students would repeat what the researcher said rather than state
their own thoughts about the written responses. Therefore, the student interviews were not included as a data source for this dissertation.
analysis of field notes and photographs.
The researcher conducted additional field observations throughout the unit, which included: group-level interactions, researcher-and-student interactions, and independent student interactions. From these observations the researcher wrote field notes. These field notes allowed the
researcher to reflect on what occurred in the classroom that day and determine if any changes
needed to be made for the next day’s lesson. In addition, these field notes indicated where challenges or successes were occurring with the treatment group students. Along with these field
notes, field photographs were taken throughout the intervention. These photographs were taken
live while students and the researcher were participating in the school garden inquiry lessons.
From these photographs, the researcher could reflect on what behaviors and practices the students were demonstrating. This allowed the researcher to have an in-the-moment record of what
students were actually experiencing throughout the intervention. Furthermore, photographs could
display if students were performing the correct practice during specific lesson activities.
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Students also had field notebooks throughout the unit. In the field notebooks students responded to open-ended questions and worksheets. In addition, each group of students was given
butcher paper to sketch out and write out ideas.
All forms of data allowed the researcher to better understand how students were developing an understanding about scientific inquiry, what kind of knowledge they learned, and what
practices they gained from the garden inquiry unit. The researcher was able to triangulate individual student data (VASI open-ended, interviews, and quantitative science practice items) with
group data (worksheets and sketches/designs on butcher paper).
quantitative analysis.
scientific practices – Project 2061.
The researcher investigated whether participation in the school garden affected students’
scientific practices by conducting a quantitative analysis of pre-test and post-test responses to the
eight Project 2061 items.
A paired samples t-test was used to analyze pre-test and post-test scores within the treatment
group (Boneau, 1960). Effect size was also calculated to better understand the magnitude of impact over the students who participated in the intervention (Fern & Monroe, 1996; Fritz, Morris,
& Richler, 2011). Cohen’s d is the appropriate effect size measure because the two groups have
similar standard deviations and similar size.
An independent samples t-test was used to analyze post-test scores between the two different groups, treatment and comparison (Feir-Walsh, & Toothaker, 1974). Again, Cohen’s d
effect size was also calculated between the two different groups to find a better representation of
how the intervention impacted each group (treatment versus comparison), without the challenge
of sample size (Fern & Monroe, 1996; Fritz, Morris, & Richler, 2011).
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Reaseacher Positionality
The researcher first began cultivating a relationship with the school site in spring 2014
through a local nonprofit. This nonprofit is interested in curriculum-based, informal education in
school gardens. Through this school garden-centric nonprofit, the researcher was also recruited
to work with another local nonprofit whose interests are in forestry and urban environmentalism
education. Belonging to these nonprofits has given the researcher several fundamental opportunities of interaction between schools, teachers, students, parents, administration, and the private
sector. By working with these nonprofits, the researcher has gained key skills in communicating
between these groups and understanding how the research relates to each group differently.
Working within these spaces allowed the researcher to explore how current out-of-classroom education is taught and incorporated within the public-school system. Furthermore, by having experience-creating curricula and working within the classrooms alongside teachers, the researcher
had a unique perspective to observe whether the proposed work was successful completed by the
students. In addition, the researcher had the advantage to ask teachers and students for their
views and ideas about why parts of the intervention may have failed.
In relation to the overall study, the researcher was the primary investigator, but to the
school site, the researcher was seen as a doctoral candidate investigating how students develop
scientific practices in science class. Over time, the researcher built positive relationships with the
following groups at the school site: teachers, administration, students, and the science coach.
Due to the length of time working with the school site and continuation of similar science projects, the researcher was perceived to be more a part of the school staff rather than an outsider.
For this study, the researcher constructed her position from the domain of science and
race (St. Louis & Barton, 2002); as a Colombian-American woman pursing a PhD, positioning
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herself as emic to her work for several reasons. The researcher took the time to build a relationship with the school site and all groups with which she has interacted. This process included
working with one of the after-school clubs while also maintaining close communications with
the science coach. The researcher came from the sciences as both her undergraduate and graduate degrees are in the ecological sciences. This background assures teachers, students, and administration that the researcher was knowledgeable in the classrooms where teaching. By working with nonprofits, the researcher has assisted in creating and evaluating educational interventions, which demonstrated how she had created, implemented, and evaluated new curriculum.
These experiences allowed her to create a unique insider perspective with her school site.
Throughout the research process, the roles of positionality have assisted the researcher’s
overall work. As a minority female interested in science learning, the groups at the school site
readily accepted her. This insider relationship allowed her to work closely with participants in all
phases of research – data collection, analysis, and reporting findings. In addition, by having previously worked with nonprofits on informal education interventions she came into the investigation with the knowledge of how to manage unforeseen challenges.
Overall, by keeping constructivist paradigms and situated learning theory, the researcher
realized how her positionality and subjectivities may affect the investigation and the process of
research. The constructivist paradigm allowed her to investigate not only how the teacher and
student learn from the intervention but also how she constructed understanding after watching
the student-to-student and student-to-teacher interactions during the intervention. Mindful of this,
the researcher realized that her investigation permitted her to work with students and teachers
while allowing her to explore how situated informal education curriculum affected students’
views on scientific inquiry and their understanding about scientific practices. This research will
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benefit not only the researcher and the field of science education but also the entire school site
and the field of informal education research.
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4 RESULTS
The results are organized by research question. The research conducted for this dissertation was mixed-methods because the multi-faceted approach was needed to answer the two primary research questions. In addition, the research questions were answered in two ways, a comparison between the pre-test and post-test survey of the treatment group, students in the garden
intervention; and a post-test survey comparison between the treatment group and the comparison
group. The research questions are:
1). How does participating in the school garden inquiry unit affect students’ understanding about science inquiry?
2). How does participating in the school garden inquiry unit affect students’ scientific
practices?
Research Question One is answered using a more qualitative approach by implementing
the Views About Scientific Inquiry (VASI) instrument (Lederman et al, 2014). Research Question Two is answered using a more quantitative approach by implementing eight multiple choice
items from Project2061 (AAAS, 1993). The VASI items align with the eight Nature Of Scientific
Inquiry (NOSI) aspects and focus on the process of scientific inquiry and knowledge gained from
this process, while the Project2061 questions are more content driven and focus on the application of knowledge about scientific inquiry in the form of a science practice. In addition, the researcher added photographs of the students during the intervention. These photographs demonstrated how the students were engaged with different Next Generation Science Standards
(NGSS) practices throughout each lesson. The photographs also demonstrated how the students
were fully immersed and were actually experiencing each NGSS practices. During the intervention, the comparison group received sixth-grade science instruction based on the Georgia Stand-
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ards of Excellence and Next Generation Science Standards. The treatment group participated in
the school-garden intervention.
Fidelity worksheets (Inquiry Analysis Tool)
As explained in Chapter 3, Methodology, an inquiry tool was modified and used to observe the
researcher when she taught the five garden inquiry lessons. Table 8 below displays the frequency
count of observed teaching practices by the researcher across all five lessons.

Table 8. Displays the cumulative frequencies of observed teaching practices by the researcher
Does the material/lesson:
1. Engage learners in scientifically oriented questions?
- Do questions guide inquiry?
- Are questions relevant to students?
- Do students understand that investigations start with a
guiding question?
2. Ask learners to give priority to data/evidence?
- Do students understand the difference between data and
evidence?
- Do students use their senses and instruments to collect
data?
- Are students taught that different individuals can collect
different data due to different methodologies?
- Do students evaluate the data they are gathering?
3. Encourage learners to create and design investigations from research?
- Are students encouraged to design their own investigations?
- Do students base their investigations from research?
- Are students asked to explain their reasoning for the design of their investigation?
- Do students plan and organize their investigations?
4. Discuss with learners subjectiveness and tentativeness
of science?
- Do students understand that each group may have different procedures and conclusions?
- Do students understand that creativity and imagination are
used in science?
- Do students understand that science can change due to
new discoveries and technology?
5. Expect learners to communicate and justify

Yes

No

N/A

10
10
10
8

2

10
8

2

8

1

1

5
6
4
5

1
1
1
1

4
3
5
4

8

2

5

4

1

5

3

2
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their proposed designs, investigations, and explanations?
- Do students have opportunities to discuss their ideas in
small groups?
- Do students have opportunities to present their ideas
through writing, drawing, or thinking?
- Do students have opportunities to present their ideas to
other audiences? Ex) the class
6. Discuss with learners the importance of modeling in science.
- Are students encouraged to create models?
- Do students understand what is a scientific model and
how it helps them learn new information?
- Do students practice modeling with their groups?
- Do students create explanations using their models for
reasoning?

10
9

1

7

3

4
3

2
5

4
2

2
3

3
2

5
5

Across the six areas being evaluated, the most problematic area for the researcher was
Area 4, the subjectiveness and tentativeness of science, see Table 8. In three lessons, the fidelity
worksheets indicated that these topics were not explicitly connected with the lesson. The second
area in which the researcher did not necessarily explain in depth to the students was the importance of modeling and how modeling is used in the field of science. Comments on the fidelity
worksheets note that the researcher demonstrated and discussed modeling, but only in the context
of the lesson, not in a larger context of how scientists and engineers use modeling. Overall, the
other four areas were explicitly discussed with students during the five garden-inquiry lessons. In
addition, the researcher helped students reflect on how the lessons related to what professionals
do in their fields. The four areas that were successfully completed across all lessons were: 1. Engage learners in scientifically oriented questions; 2. Ask learners to give priority to data/evidence; 3. Encourage learners to create and design investigations from research; and 5. Expect learners to communicate and justify their proposed designs, investigations, and explana-
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tions. Appendix E contains all ten fidelity worksheets across all five lessons to see how the primary researcher was evaluated using the Inquiry Analysis Tool (Volkmann & Abell, 2003).

Research Questions and Measures
To reiterate, each research question was answered two ways: treatment group responses pre-test
compared to post-test, as well as, treatment group post-test compared to comparison group posttest. Therefore, each research question was subdivided into two sections of findings.
research question 1 and the VASI instrument.
The first research questions asked, “How does participating in the school garden inquiry
unit affect students' knowledge and understanding about science inquiry?” The following section
describes how students responded to the VASI instrument, with student quotes presenting responses from students pre- and post-intervention views. Participants’ views of each target NOSI
aspect are presented separately. Also, it should be explained that while some participants’ quotes
are presented as naive (or informed) views of one NOSI aspect, the same quote might equally
serve as evidence as naive (or informed) views of another target aspect. Nevertheless, it should
be understood that participants’ views are not always well thought out and sophisticated across
all eight aspects. Instead, the participants’ views may appear to be inconsistent across the aspects. For example, some participants explained informed views of the data and evidence aspect,
but not of the question guides of the procedures aspect. Interrater reliability was calculated using
Cohen’s kappa (K) between the researcher and another researcher, the researchers’ interrater reliability was calculated to be 0.95. Disagreements were resolved with discussion. Once kappa
was calculated, the primary researcher continued to classify the responses into the three categories: naive, mixed, and informed. In addition, photographs demonstrating student engagement
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with a NOSI aspect were also found in this section. These photographs were taken by the researcher while the students were participating in the intervention. Furthermore, graphs were created as a visual representation of the student responses across the three categories: naive, mixed,
and informed. These graphs are organized by treatment group or comparison group as well as
whether the responses are from the pre-test or the post-test. All graphs can be found in Appendix
G.
In the following sections, participant quotes are identified by letters and whether the response was pre- or post-intervention. The letters “T” and “C” are used to identify participants in
the treatment and comparison group, respectively. The quotes also indicate what level of understanding that a student holds: naive, mixed, or informed. Due to the number of participants, only
specific example quotes are embedded within each explanation of NOSI aspect. However, more
example quotes from each group can be found in Appendix H.

there is no single set and sequence of steps followed in all scientific investigations (i.e.,
there is no single scientific method).
Question 1 assessed student understanding about scientific investigations – specifically
that scientific investigations can follow different methods, i.e., there is no one scientific method,
see Figure 2. The question is divided into three sub-questions. Part (a) evaluates whether students
understand what the word “scientific” means. Part (b) evaluates whether students understand
what an “experiment” is. And Part (c) evaluates whether students understand that there are various methods of investigating.
treatment pre-test compared to treatment post-test.
For this question, the most common naive responses claimed that the bird investigation
was an experiment and that there is only one way to conduct an investigation or an experiment.
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Treatment pre-test responses were predominantly naive before the intervention (naive
58.8%, mixed 35.3%, informed 3.9%). Furthermore, after coding, it became more obvious that
many students did not necessarily understand what an experiment is. Many described a type of
investigation or type of data collection as an experiment. They did not display the knowledge
that an observation can also be a type of investigation, see Appendix G.
Yes, because he had a guess that maybe the shape of the bird's beak was related to the type of food.
Yes, because anything can be an experiment if there is a data to collect or something to test.
Yes, one investigation is fossils, one person digs up the fossils and the other analyses it and puts it together.
(T, pre-intervention, naive view)

However, after the intervention, the treatment group post-test responses changed dramatically (naive 35.3%, mixed 37.3%, and informed 19.6%). Majority of the students now held a
more mixed or informed view.

Yes, because he observed the birds just using his 5 senses. Observation uses the five senses for scientific investigations.
This is not an experiment because this person isn't testing anything.
Two investigations are observations and experiments. Observation means to observe, but experiment
means to test it out. (T, post-intervention, informed view)

treatment post-test compared to comparison post-test.
The comparison group did not do well on this question (naive 65.4%, mixed 30.8%, informed 3.8%). Over half held naive views with very few students holding informed views. The
treatment group post-test responses (naive 35.3%, mixed 37.3%, and informed 19.6%) held
many more informed views than the comparison group at this point in time in the semester. In
actuality, the treatment group pre-test responses (naive 58.8%, mixed 35.3%, informed 3.9%) are
more similar to comparison group responses.
Yes, because he made a hypothesis.
Yes, because he used different types of birds that eat the same types of foods and tested them to see their
beaks. One investigation that follows a different method is to replicate; another one is to change an independent variable. (C, no intervention, naive view)
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This person's investigation is scientific because he collected data about birds.
No, because he does not test anything.
Yes, investigations can follow more than one method because you could find the same answer with different
procedures. (T, post-intervention, informed view)

The most salient theme across both groups was the claim about the scientific method or
hypothesis testing. This theme appeared as: treatment pre-test (19.6%), treatment post-test (6%),
and comparison post-test (34.6%), indicating that some students view that there is only one way
to conduct an investigation or that an investigation must always begin with a hypothesis, see Appendix H.

scientific investigation starts with a question but not necessarily a hypothesis.
Question 2 assessed whether an individual understands that a scientific investigation
starts with a question but not necessarily a hypothesis. Students answered with a “yes” or “no”
and were asked to provide reasoning for their answer.
treatment pre-test compared to treatment post-test.
On the pre-test, the majority of the treatment group students responded with a mixed understanding (58.8%) and informed responses (19.6%), see Appendix G.

Yes, because the only way the investigation can be created is by asking a question. (T, pre-intervention,
mixed view)

These responses demonstrated that more than half of the treatment group students knew
that a question drives an investigation before the intervention took place. For the naive responses
(17.6%), students indicated that investigations do not need to start from a question.

No, because not all scientific investigations always begin with a scientific question. (T, pre-intervention,
naive view)
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After the intervention, the treatment group responses were mixed (45.1%) and informed
(31.4%), which indicated that students understood how a question drives the scientific inquiry
process. Only (15.7%) of students in the treatment group responded with a naive response after
the intervention.
Yes, you need a question because you need a reason for your investigation. Can't be out of the blue. The
question guides what you’re doing. (T, post-intervention, informed view)

treatment posttest compared to comparison posttest.
For the comparison group, the majority of these students fell into the naive response category (50%); the remaining students responded that they were aware that a question must be
posed before an investigation can begin (34.6% mixed and 15.4% informed).
I agree with the first student because a scientific question is the base of an experiment. (C, no intervention, naive view)
I agree with the one that says yes, because if you don't start with a guiding question how are you going to know what to
investigate or what to experiment. (T, post-intervention, informed view)

When comparing the treatment group post-test responses (naive 15.7%, mixed 45.1%, informed 31.4%) to the comparison group post-test responses (naive 50%, mixed 34.6%, informed
15.4%) the treatment group has far more responses in the mixed and informed categories than the
comparison group, see Appendix G.
In addition, it was noted that both the treatment group pre-test (5.9%) and the comparison
pre-test group (15.4%) answers discuss the use of the scientific method or hypothesis testing.
Treatment group post-test responses show that only (4%) mention the use of the scientific method or hypothesis testing.

all scientists performing the same procedures may not get the same conclusions.
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Question 3a assesses the understanding that scientists may come to different conclusions
even when performing the same procedures due to different interpretations of results which can
lead to different conclusions. Scientists have different experiences, prior knowledge, and different epistemological beliefs that can affect their interpretation of results and lead to conclusions
that differ. Student responses categorized as naive or mixed do not acknowledge how individuals’ different backgrounds, experiences of life, and prior knowledge can shape conclusions.
treatment pre-test compared to treatment post-test.
In the treatment group, naive responses indicated that similar procedures would lead to
the same conclusions. Before the intervention, pre-test views were mostly naive (66.7%) following with mixed (19.6%), and informed (11.8%), see Appendix G.

I think no because one person can do something wrong while the others can have correct
answers/conclusions. (T, pre-intervention, naive view)

After the intervention, the treatment group did see some change in their views. During
post-test, naive dropped to 43.1%, mixed views increased to 27.5%, and there was some change
in informed views as well 21.6%. This was an abstract aspect but the many of the students were
able to change their views, see Appendix G.

I cannot say for sure because some may have the same conclusions while others might have different conclusions because we think differently. (T, post-intervention, informed view)

treatment post-test compared to comparison post-test.
The comparison group did not do particularly well with this question. The majority of
student responses were categorized as naive (69.2%). In both categories, mixed (15.4%) and informed (15.4%) of the comparison group had a few students holding this view, see Appendix G.
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They will come to the same conclusions because they did the same procedures and the same questions. (C,
no intervention, naive view)
No because if scientist have the same data one scientists may comprehend better than the other then they
might say something different. (T, post-intervention, informed view)

Unlike the treatment group, post-test responses were naive (43%), mixed (27.5%), and informed (21.6%), which demonstrate more student understanding when compared to the comparison group post-test, see Appendix G. The comparison groups’ responses appear more similar to
the treatment group responses before the intervention.
A theme that was identified throughout the naive responses is the notion of human error
or mistake: treatment group pre-test (19.6%), treatment post-test (16%) and comparison group
post-test (19.2%). This indicates that students did not completely understand how human interpretation plays a role in conclusions. Apparently, many students view science as being objective
and do not understand how human bias may play a role in science.

inquiry procedures can influence the conclusions.
Question 3b focuses on how procedures to investigate a question can influence the results. Ideally, students should understand that different procedures can yield different results and
generate different conclusions. Also, different procedures may also yield similar results. Students
need to realize that procedures influence the overall conclusion of an investigation.
treatment pre-test compared to treatment post-test.
The treatment group’s responses did not change significantly between the pre-test and the
post-test, see Appendix G. In the treatment pre-test the students held naive views (31.4%) and
then again at post-test (25.5%) meaning that many students believe in a single correct answer to
a question.

101

102

Yes, they will get the same data. (T, pre-intervention, naive view)
Yes, they will have the same conclusion they both looked up the same thing. (T, post-intervention, naive
view)

Little change was identified in either category in the treatment group: mixed (pre-test
mixed 47.1%, post-test mixed 49%) and informed (pre-test 17.6%, post-test 17.6%). The mixed
and informed views were the highest at post-test, which indicates that students do realize that
results can be shaped and changed by the design of an investigation, see Appendix H.

No, because their method of doing things can be different, which will make their conclusion different. (T,
post-intervention, informed view)
They will not come to the same conclusions because scientist follow their own procedures. (T, postintervention, mixed view)

The theme that was identified most in the post-test of the treatment group was the relation
to mathematics or the idea that there are several ways to solve a problem (7.8%).

They can get the same conclusions still. It is like math, 2+2=4 or 3+1=4. (T, post-intervention, mixed
view)

treatment post-test compared to comparison post-test.
The comparison group (naive 46.2%, mixed 38.5%, and informed 3.8%) however, does
worse when related to the treatment group post-test views (naive 25.5%, mixed 49%, and informed 17.6%), see Appendix H. Many of the comparison group students did not give explanations to explain their answers. This lack of explanation may indicate that their current or previous
science teachers have not discussed this idea with them at school.

No because they have different procedures. (C, no intervention, naive view)
Yes if they do everything the same and correctly with no errors. (C, no intervention, naive view)
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scientific data are not the same as scientific evidence.
Question 4 assesses the understanding that evidence differs from data. “Data” is information collected during scientific investigations; while, “evidence” is the result of interpretation
or analysis of the “data”.
treatment pre-test compared to treatment post-test.
A naive response indicates that the student believes that both terms are the same. At the
time of pre-test, more than half (62.7%) of the students in the treatment group were categorized
as naive.

No, because they both mean the same thing. (T, pre-intervention, naive view)

A mixed response indicates that the student understands that the terms are different but
cannot explain why. Across all groups, mixed responses were similar: pre-test (25.5%), post-test
(29.4%), and comparison (30.8%), see Appendix G.

Data is information on a specific subject. Evidence is information that claims if something is try or not. (T,
pre-intervention, mixed view)

An informed response indicates that the student understands that the terms are different
and can explain how human interpretation of data creates evidence. Informed responses for the
treatment group at pre-test were 9.8%.

Data is information that is gathered. Evidence is information that supports a claim. (T, pre-intervention, informed view)
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By post-test, naive responses within the treatment group declined to 29.4%, indicating
that students were more informed about this aspect of scientific inquiry after the intervention. In
addition, after the intervention, treatment group post-test views in the mixed category (29.4%)
and informed (33.3%) categories increased from pre-test to post-test, see Appendix G.

Data is information that you collected from your experiment. Evidence is analyzed and interpreted data
from your experiment. (T, post-intervention, mixed view)
Data is information that you collected from your experiment. Evidence is analyzed and interpreted data
from your experiment. (T, post-intervention, informed view)

treatment post-test compared to comparison post-test.
The comparison group post-test responses indicate a majority categorized as naive
(57.7%), with mixed (30.8%) responses following, and informed (11.5%) responses as the category with the lowest number of responses, see Appendix G.

Data is something you know, evidence is how you know. (C, no intervention, naive view)
Yes because data is what you collect and evidence is what you find about the data. (C, no intervention,
mixed view)

In reality, when looking at the percentages between the treatment group post-test and the
comparison group post-tests they are not similar, see Appendix G. Instead, as seen in with previous items on the VASI, the comparison groups’ responses are actually quite similar to the treatment group pre-test responses.
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A continuous theme identified across the two groups is the connection that evidence is related to a crime or detective television show: treatment group pre-test (3.9%), treatment group
post-test (2%), and comparison group post-test (7.7%).

inquiry procedures are guided by the question asked; questions drive the process.
Question 5 explores the aspect of how a question guides the investigation’s procedures.
Students are presented with a vignette in which two teams with differing procedures are trying to
answer a question: hypothetical Team A’s approach was most likely to answer the investigative
question; while Team B’s approach was unlikely to answer the investigative question. Students
must determine which team and its procedures could best answer the question.

treatment pre-test compared to treatment post-test.
Within the treatment group responses, a naive response indicates an inability to determine
which team and its procedures align with the presented question and why the procedures create a
path to answering the given question. At the time of the pre-test, the measured results showed
that 47.1% of the treatment group’s responses were naive.

Team B because tests how a tire would react to a different surfaces of road. (T, pre-intervention, naive
view)

Students who could identify that one of the hypothetical team’s (Team A’s) approach was
aligned but could not explain the reasoning for the alignment were categorized as mixed. At
pre-test, the treatment group held mixed views (37.3%).

Team A is better because they are testing different tires on one type of road. This team is going to give a
variety of answers. (T, pre-intervention, mixed view)
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For a response to be categorized as informed, students must explicitly discuss how
Team A’s procedures align with the proposed question. In this category the treatment group at
pre-test informed views (11.8%).

Team A because they tested the tires and that was the original question. (T, pre-intervention, informed
view)

After the intervention the treatment group’s responses showed change. Naive views
dropped to 29.4%, mixed views increased to 49%, and informed views increased to 25.5%, indicating that across all categories learning occurred for the treatment group, see Appendix G.

Team A, their procedures were the best because their guiding question wasn't ‘Do certain types of roads
make tires more flat’? Team B did not follow the guiding question. (T, post-intervention, informed view)

treatment post-test compared to comparison post-test.
At first glance, the majority of the comparison group’s responses fall within the naive
(57.6%) category, indicating an inability to determine which team and procedures align with the
presented question and why the procedures create a path to answering the given question.

Team B's procedure is better because when you're driving you never know what type of road surfaces you
could be driving on. (C, no intervention, naive view)
Team B, because when you test more subjects you are closer to getting to an answer. (C, no intervention,
naive view)
Team A, because they're question is testing various tires, not various roads. (T, post-intervention, informed
view)
Team A is better because they follow the question. (T, post-intervention, informed view)
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Students in the comparison group did have some responses in the mixed category
(34.6%) and some students were identified as holding informed (7.7%) views. For the most part,
however, there was a large difference between the treatment group post-test responses and the
comparison group post-test responses, see Appendix G.

research conclusions must be consistent with the data collected.
Question 6 required students to understand that data collected must be consistent with
conclusions. Students were given a table with a data set about plants. This data set intentionally
contradicted existing knowledge about photosynthesis and how plants grow, i.e., the data showed
that less light was required for the plants to grow. Students needed to understand that data must
always support given conclusions. Students were given three conclusions and are asked to select
the conclusion they agreed with and to explain why they made their selection.

treatment pre-test compared to treatment post-test.
The breakdown of the pre-test treatment group’s responses was: 29.4% naive; 19.6%
mixed; and 50% informed. At time of the pre-test, more than half of the students were found to
have a mixed or informed view.

A, because it is getting left out in the sun. (T, pre-intervention, naive view)
B, if you look at the chart 25 minutes of sunlight the plant will grow 0cm but if you look at the 0 min of sunlight the plant will grow 25cm per week. (T, pre-intervention, informed view)

By post-test, the treatment group responses shifted towards a more informed perspective
majority; the breakdown of the responses were: 5.9% naive, 13.7% mixed, and 72.5% informed,
see Appendix G.
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B, because in the chart 25 minutes of sunlight results in no growth at all, but 0 minutes of light resulted in
the highest growth. (T, post-intervention, informed view)
B, plants grow taller with less sunlight. My reason for choosing B is because it is shown on the graph that
the plants are growing taller with less sunlight. (T, post-intervention, informed view)

treatment post-test compared to comparison post-test.
The comparison group results are as follows: (naive 23.1%, mixed 26.9%, and informed
50%). The comparison did do well on this question. The majority of students in this group held
informed or mixed views. These results are similar to the treatment group’s post-tests (naive
5.9%, mixed 13.7%, and informed 72.5%, see Appendix G. But as demonstrated in the other
VASI items, the comparison group’s post-test responses are more similar to the treatment
group’s pretest responses.

B, because the plant grew more inches than the less sunlight. (C, no intervention)
B, because in the data table 0 minutes of light and the plant grew 25cm per week. (C, no intervention, informed view)

The students who were categorized as naive ignored the given data and instead said that
taller plants need more sunlight because this is based on their prior knowledge and experience
with plants. Students may choose the wrong answer because they have learned that plants need
sunlight to survive rather than thoroughly reading the question and understanding how the data
collected informs their answer.

A, because the plant needs more sunlight for energy, growth and health. (C, no intervention, naive view)
A, sunlight is energy and soil. (C, no intervention, naive view)
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explanations are developed from a combination of collected data and what is already
known.
Question 7 probes students’ understanding that explanations and models are created by a
combination of data and existing scientific knowledge. This question presents students with two
pictures of possible reconstructions of a fossilized dinosaur skeleton. The first sub-question asks
students to explain why one reconstruction is better or more plausible than the other. The second
sub-question asks students what kind of information would support their answer to the first
sub-question. In the first sub-question, a naive response would focus only on the physiology of
the bones, i.e., strong legs, balance, or current media views on dinosaurs. Few responses discussed fitting of joints or existing scientific knowledge about dinosaurs. When answering the
second sub-question, students did not appear to fully understand what was meant by “types” of
information. Many responses discussed modern media such as internet, textbooks, or search engines as a way that scientists create knowledge.

treatment pre-test compared to treatment post-test.
This aspect of scientific inquiry was not well understood with the majority of responses at
the time of pre-test demonstrating a naive view (51%). Some students did demonstrate mixed
views (29.4%). And some student responses were categorized as holding an informed view
(17.6%) at time of pre-test.
I think scientists agree because it makes sense. The big bones on bottom and small bones on top. I think
scientist can use tapes or making hypothesis or use the internet. (T, pre-intervention, naive view)
This dinosaur looks like a t-rex. A t-rex has short legs in the front and the big legs in the back. The scientists use their own knowledge and the scientific method. (T, pre-intervention, naive view)
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However, by the end of the intervention, only a slight change was found in the treatment
group’s responses at post-test. By post-test, naive views had dropped slightly to 43.1%, a slight
increase in mixed views (37.3%), and surprisingly, the informed views dropped to 11.8%, see
Appendix G.

No dinosaur has short legs and big arms, but they do have small arms and big legs OR both arms and legs
are the same size. They can use data from the people before us. (T, post-intervention, informed view)
Because Figure 1 is standing and harder to fall. Figure 2 is bending and it has small feet, making it harder
to carry the body so it can fall easily. Their hypothesis. Do more research and collect more data. (T, postintervention, informed view)

The theme of media as a source of information occurred in 26.6% of pre-test treatment
group responses and 20% of post-test treatment groups responses.

1. The arms are in the wrong place. 2. The legs are in the wrong place. Movies. Internet. Encyclopedia. TV
Shows. (T, post-intervention)

treatment post-test compared to comparison post-test.
At the time of post-test, it appears that the comparison group had difficulty with this
question. The majority of the comparison group’s responses were naive (65.4%), followed by
mixed views (30.8%). Consequently, none (0%) of the comparison groups responses were informed.

The dinosaur looks correct. They could've researched what the dinosaur should look like.
Data and Hypotheses. (C, no intervention, naive view)

A T-Rex has short arms and big legs. It's also never slow down. They use research and dig up fossils to
predict what they look like. (C, no intervention, mixed view)
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The treatment group’s post-test responses (naive 43.1%, mixed 37.3%, and informed 11.8%)
were better than the comparison group’s responses but not significantly, see Appendix H.
As found with the treatment group, within the comparison group’s responses the theme of
media as a source of information was found in 11.5% of the comparison group responses. In the
responses mentioning media, the students described how a scientist could use the internet or
textbooks to help find data and answers to investigative questions. The irony is that students are
not realizing that scientists create the knowledge that is found in media.

explanations and models are developed from a combination of collected data and what
is already known.
Question 8 is an adapted question from the View On Scientific Inquiry (VOSI) instrument (Schwartz et al, 2002) which can be used to better understand how models are a type of
aide to help scientists explain a process, event, or object. An important abstract concept is that
models do not have to represent the concept or object exactly. A naive response describes models
as a simple visual representation of the process, event, or object. The majority of students discussed whether models are exact versions of what is being represented.

treatment pre-test compared to treatment post-test.
The majority of students in the treatment group at pre-test fell into the naive (72.5%) or
mixed category (19.6%). These students could not explain that a model can be more than a perfect visual representation. Informed responses were extremely rare; only 3.9% of the pre-test
treatment group responses were informed.

Basically like a 3D version of their thinking. They use it to experiment and basically showcase their ideas.
A bridge made of popsicle sticks. (T, pre-intervention, naïve view)
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A model to demonstrate something they are making on is made in little form. To see how something is made
before they make the real version or a better version. A model of soil layers. (T, pre-intervention, mixed
view)

By post-test, the treatment group students demonstrated a better understanding of modeling and how models can support explanations. At the time of post-test, the treatment group responses had decreased in the naive category (31.4%) and increased in both categories mixed
(49%) and informed (11.8%), see Appendix G.

Something that shows an event, object, or process. They make models of objects and use observations or
experiments to collect data from the model. Water cycle diagram. (T, post-intervention, informed view)
A smaller version or a prototype of a larger version that can be tested. Scientist use scientific models by
testing their procedures and the models to represent the big actual thing or different variable. Once they
think they have the right model they use it to create the real thing. There is a solar system model in my
room. (T, post-intervention, informed view)

Note, 25.5% of the treatment group students were able to relate modeling to engineering
and to understand how modeling is an iterative process where changes can be made throughout
the process on their post-tests.
treatment post-test compared to comparison post-test.
The comparison group’s post-test responses were predominantly naive (53.8%), with
many students relating a model as a visual aid. There were many mixed category responses
(42.3%). But, as with the naive responses, students are not understanding the concept that a
model does not need to look exactly like what it is representing.

A model shows scientific evidence. To determine the answer to a question. A graph about something. (C, no
intervention, naïve view)
Prototype to show what the final product is going to be like. To show something they can’t get to solve a
problem. The solar system. (C, no intervention, mixed view)
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Basically like a mini presentation of the real thing and it explains the different features. They use them to
explain what they’ve done. A scientific model is like a 3D figure like a presentation. Like one of those body
statutes with one half showing the inside of the body. (T, post-intervention, mixed view)
A mini version of a project that is needed to be done and the specific things that have to work on the bigger
project. They use it for so many things like for people who make the golden gate bridge had to make so
many models to make sure it’s safe for all people. Our mini gardens in the classroom, that we did about the
different types of soil is best. (T, post-intervention, mixed view)

There were zero informed responses in the comparison group, see Appendix G. The concept of modeling and how modeling is connected to collected data and existing scientific
knowledge appears to be a difficult aspect for many students to comprehend.
The following table below, Table 9, presents the percentages of student responses in each
of the categories before and after the school garden inquiry intervention for both the treatment (T
pre-test and T post-test) and comparison (C post-test) groups.

Table 9. Percentage of Students Categorized as Holding Naive, Mixed, and Informed Views
across Eight Aspects of SI in both treatment (pre-test and post-test) and comparison (post-test)
groups.
VASI #

Aspect #

1a, 1b,
1c

2

2

1

3a

4

3b

5

4

7

5

3

Naive
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison

Mixed
58.8
35.3
65.4
17.6
15.7
50
66.7
43.1
69.2
31.4
25.5
46.2
62.7
29.4
57.7
47.1
17.6
57.6

Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison

Informed
35.3
37.3
30.8
58.8
45.1
34.6
19.6
27.5
15.4
47.1
49
38.5
25.5
29.4
30.8
37.3
49
34.6

Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison

3.9
19.6
3.0
19.6
31.4
15.4
11.8
21.6
15.4
17.6
17.6
3.8
9.8
33.3
11.5
11.8
25.5
7.7

Missing
Pre
2
Post
.8
Comparison
0
Pre
3.9
Post
7.8
Comparison
0
Pre
2
Post
7.8
Comparison
0
Pre
3.9
Post
7.8
Comparison 11.5
Pre
2
Post
7.8
Comparison
0
Pre
3.9
Post
7.8
Comparison
0
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6

6

7a, 7b

8

8a, 8b

8

Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison

29.4
5.9
23.1
51
43.1
65.4
72.5
31.4
53.8

Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison

19.6
13.7
26.9
29.4
37.3
30.8
19.6
49
42.3

Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison

49
72.5
50
17.6
11.8
0
3.9
11.8
0

Pre
Post
Comparison
Pre
Post
Comparison
Pre
Post
Comparison

2
7.8
0
2
7.8
3.8
3.9
7.8
0

Frequency counts were calculated for each category of student responses between both the
treatment and comparison groups. However due to space limitations all frequency count tables
can be found in Appendix H.
research question 2 and Project 2061 assessment items.
The second research question asks, “How does participating in the school garden inquiry
unit affect students' scientific practices?” Students were asked to answer eight multiple-choice
questions. These questions were selected from the Project2061 assessment bank (AAAS, 2013).
These questions were specifically selected to better understand whether students can gain
knowledge about the process of scientific inquiry and then apply this knowledge to a science
practice. These eight questions are content-driven and represent the understanding and application of the actual practices of modeling and control of variables. Both of these practices are
found in NGSS practices (3 and 5). The use of these practices demonstrate whether students are
able to create knowledge about the process of scientific inquiry and then apply this knowledge to
a given situation, i.e., modeling and control of variables strategy. Demonstrating the application
of the knowledge gained about the nature of scientific inquiry is another important part of the
process of scientific inquiry.
Table 10 below contains the statistics for student responses from both the treatment
(pre-test and post-test) and the comparison group’s post-tests. Items were scored for correctness
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for a maximum score of 8 and a minimum score of 0. The unit of analysis is the class (treatment
group total n = 50 and comparison class total n = 26).

Table 10. Student Responses to Project2061 Multiple Choice Questions.
Question
#

Correct
Answer

Concept

1

C

Control
Variable
Strategy

M=
.440

SD =
.501

M=
.723

SD =
.452

M=
.500

SD =
.511

B, D

2

C

Control
Variable
Strategy

M=
.360

SD =
.485

M=
.319

SD =
.471

M=
.333

SD =
.482

A, B, D

3

A

Control
Variable
Strategy

M=
.180

SD =
.388

M=
.277

SD =
.452

M=
.208

SD =
.415

B, C

4

D

Control
Variable
Strategy

M=
.080

SD =
.274

M=
.149

SD =
.359

M=
.083

SD =
.282

A, B

5

D

Control
Variable
Strategy

M=
.140

SD =
.351

M=
.426

SD =
.499

M=
.042

SD =
.204

A, B

6

C

Modeling

M=
.240

SD =
.431

M=
.192

SD =
.397

M=
.292

SD =
.464

7

A

Modeling

M=
.360

SD =
.485

M=
.511

SD =
.505

M=
.083

SD =
.282

8

C

Modeling

M=
.620

SD =
.490

M=
.894

SD =
.312

M=
.583

SD =
.504

M=
2.391

SD =
1.325

M=
3.489

SD =
1.692

M=
2.125

SD =
1.227

Total
Score

T Pre

Missing = 1

T Post

Missing = 4

C Post

Misconception
Answers

B, D

Missing = 0

*Across treatment post-test answers Cronbach’s Alpha = 0.536,
*Across treatment post-test and comparison answers Cronbach’s Alpha = 0.510

Two different t-tests analyses were conducted to better understand how the school-garden
inquiry intervention affected each group’s Project 2061scores. A paired samples t-test was con115
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ducted over the treatment group’s pre-test and post-test scores. An independent samples t-test
was conducted over the treatment group’s and comparison group’s post-test scores. Assumptions
were made regarding the created scale of the eight Project 2061items, the randomness of sampling, the normality of the data distribution, and the adequacy of sample size (Bakker &
Wicherts, 2014).

treatment group.
The researcher first assessed whether the treatment group gained on its Project 2061
post-test scores. A paired samples t-test was conducted to compare whether the school-garden
intervention affected students’ multiple-choice test scores from pre-test to post-test. The paired
sample t-test has four main assumptions: 1) The dependent variable must be continuous (interval/ratio); 2) The independent variable should consist of two categorical "related groups" or
"matched pairs"; 3) There should be no significant outliers in the differences between the two
related groups; and 4) The distribution of the differences in the dependent variable between the
two related groups should be approximately normally distributed (Boneau, 1960; Mara & Cribbie, 2012; Ross & Wilson, 2018).
The researcher checked for paired samples t-test assumptions before conducting analysis.
The dependent variable, Project 2061 scale, was continuous (see Table 10), the independent variable is consistent with two matched pairs (treatment group pre-test scores matched with treatment group post-test scores), and a normal distribution was found between the treatment group’s
pre-test and post-test scores, see Figures 4 and 5 below (Boneau, 1960; Mara & Cribbie, 2012;
Ross & Wilson, 2018). In addition, the skewness and kurtosis were also calculated to better understand the symmetry and height of each data set. The treatment group pre-test displayed a
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skewness of 0.33. Because this is between -0.5 and 0.5, the distribution is approximately symmetric. The treatment group pre-test also displayed a kurtosis of -0.49. Because this is between
the values of -3.0 and 3.0, the distribution is normal. The treatment group post-test displayed a
skewness of 0.10. Because this is between -0.5 and 0.5, the distribution is approximately symmetric (Groeneveld & Meeden, 1984). In addition, the kurtosis was calculated for the treatment
group post-test and was found to be -.19. Because this is between-3.0 and 3.0, the distribution is
normal (Groeneveld & Meeden, 1984).
Mean = 2.42
Standard
Deviation = 1.29
N = 50

Figure 4. A histogram displaying the normal distribution across the treatment group’s pre-test
scores. Each column represents a score, 0 through 5. No student answered more than five items
correctly.
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Mean = 3.49
Standard
Deviation = 1.69
N = 47

Figure 5. A histogram displaying the normal distribution across the treatment group’s post-test
scores. Each column represents a score, 0 through 8. Only one student answered all eight items
correctly.
After assumption checking was completed, the researcher found no violations and continued with the paired samples t-test analysis. There was a significant difference in the scores
between post-test (M = 3.533, SD = 1.632, SE = .243) and pre-test scores (M = 2.422, SD =
1.322, SE = .243); t(45)= 4.397, p = 0.00; 95% CI (.602, 1.620). These results suggest that the
school-garden inquiry intervention does affect students learning, specifically about the science
practices of modeling and control of variables.
The effect size (Cohen’s d) was then calculated to investigate the kind of affect the intervention produced with the treatment group students, Cohen’s d = ((2.422 – 3.533)/ 1.632) = .681,
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demonstrating that the intervention had a moderate affect with the treatment group students (Cohen, 1988).
Consequently, when looking at the students’ scores from both pre-test and post-test, these
scores do not demonstrate a passing grade. However, for the purpose of this dissertation the researcher is not looking at a passing score; instead the research is interested in knowledge gains.
From pre-test to post-test the treatment group students do demonstrate gains on their Project2061
scores. These gains are small but enough to demonstrate that students are learning from when
they initially took the pre-test to the end of the intervention when the post-test was taken.

items focusing on control of variables strategy (CVS).
The first five items ask understanding about the practice, control of variables strategy. As
explained in chapter three, this is a NGSS practice. For students to perform investigations correctly they must understand the relationship between variables. The items for this measure were
specifically chosen because each question relates to plants or agriculture, see Table 11 below.
This was purposefully done to help students find associations between what the items are asking
and what activities the students are exposed to.

Table 11. Displaying the context of each CVS item.
Item Number
1
2
3
4
5

Item Context
The effect of sunlight on plants.
The effects on plants and different soils.
How the number of fish and light settings effect water temperature.
How different amounts of water affect
the growth of seedlings.
How different types of fertilizer affect
the growth of plants.

119

120

6.a.

6.b.

Figures 6.a. and 6.b. Displaying student work from lesson 3.1, How to Plan an Experiment. In
this lesson students planned and conducted an experiment about types of soil. Students were being exposed to CVS.
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Figure 7. Student work from lesson 3.1, How to Plan an Experiment. Students created their own
experiments to investigate which type of soil was best for growing plants.

8.a.

8.b.

Figures 8.a. and 7.b. Students collected data in lesson 3.2, Understanding Types of Data, from
their soil experiment to better understand which soil sample was best for their school garden.
This lesson helped students understand that soil type was a variable.
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Figure 9. Student work from lesson 3.2, Understanding Types of Data. From their data, students
better understood which soil type or variable affected plant growth.
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Figure 10. This figure displays how members of each group set up their soil experiment in lesson
3.1, How Do Procedures Affect Results. The procedures and results from each group were written on the classroom board to allow students to compare the different groups’ procedures. Note
that some of the groups remembered to control a variable, but not all groups.
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11.a.

11.b.

Figures 11.a. and 11.b. In lesson, 5.3, Construction of Engineering Design, students used their
knowledge about soil from their CVS experiments. Students chose silt for their school garden.

The figures above demonstrate how the students were exposed to the practice CVS throughout
the various school garden lessons. A sum score over the five CVS items was created. Treatment
group pre-test (n = 50, M = 1.2, SD = 0.97) and treatment group post-test (n = 47, M = 1.9, SD, =
1.2). The sum scores from pre-test to post-test show change.
items focused on modeling.
The last three Project 2061 items ask about the NGSS practice modeling and understanding about this practice. Students needed to demonstrate their understanding about how models
are used in the scientific and engineering communities. The items chosen for this measure were
chosen because each question relates to an aspect of modeling, see Table 12 below. However,
none of these items are situated in context about plants or the environment.

Table 12. Displaying the context of each modeling item.
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Item Number
6
7
8

Item Context
A statement asking about characteristics of modeling.
When making a model of a ship, what
should be represented?
Abstract question - what is considered a model?

12.a.

12.c.

12.b.

12.d.

125

126

12.e.

12.f.

Figures 12a. - 12.f. From lesson 3.1 through lesson 5.1 students participated in the creation of
an indoor garden. This indoor garden was supposed to be a smaller version of their future outdoor garden. This indoor garden allowed students to better understand the variables of soil and
water.

13.a.

13.b.

126

127

13.c.

13.d.

Figures 13.a. – 13.d. In lesson 5.1, Learning How to Design, each group of students researched
and created a design for the school garden. In Figures 13a and 13b, students created and drew
their ideas. In Figures 13c and 13d each group of students presented its design to the class.

14.a.

14.b.

Figures 14.a. and 14.b. In lesson 5.2, Evaluation of Engineering Design, students were participating in a silent gallery walk. During this gallery walk students were able to see what other
groups had designed. Students were also evaluating each other’s designs by leaving critiques
and comments on post-it notes.
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Figure 15. The final completed design for the school garden. Students were able to negotiate
with one another and the three group designs were integrated to create the final school garden
design.

Figure 16.a.

Figure 16.b.

Figure 16.c.

Figures 16a., 16.b., and 16.c. In the final lesson, 5.3, Construction of Engineering Design, students took the design they created and constructed their school garden based on their design.
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129

a.

b.

c.

d.

Figures 17.a. – 17.d. These four figures show the process of how one group of students came up
with the design of creating a vertical garden (Figure 17.a), to the construction of the vertical
garden (Figure 17.b), to the final result of the completed vertical garden (Figures 17.c and
17.d).
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a.

b.

Figures 18.a. and 18.b. In Figure a, the students work on their design for the school garden. In
Figure b the students were actually able to construct the design they created.
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Figure 19. This is a photograph of the completed school garden as constructed. The final construction appears almost identical to the final school garden design drawn by the students.

changes in treatment group.
A sum score over the three modeling items was created. Treatment group pre-test descriptive statistics (n = 50, M = 1.2, SD = 0.86). Treatment group post-test descriptive test (n =
47), M = 1.6, SD = 0.74). The sum scores from pre-test to post-test show change. The figures
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above demonstrate how the students were exposed to the practice of modeling throughout the
various school garden lessons. As seen from the figures, students were exposed to modeling in
two different forms, the perspective of a scientist (indoor garden) and the perspective of an engineer (design and construction of the school garden).
At the beginning of this chapter, it was explained that only the post-test was administered
to the comparison group. Descriptive statistics were calculated for the comparison group
post-test scores: n = 24, M = 2.125, SD = 1.227, SE = 0.251. In addition, descriptive statistics
were calculated for each practice: control of variables strategy (n = 24, M = 1.17, SD = 0.92) and
modeling (n = 24, M = 0.96, SD = 0.86). From these descriptive statistics, students in the comparison group do not show passing scores.

comparison group and treatment group post-test scores.
To investigate differences between the two groups, the researcher first assessed whether
there were differences between the two groups’ Project 2061 post-test scores. Descriptive statistics were first calculated: mean, standard deviation, and standard error between both groups’
post-test scores. Treatment group post-test scores: n = 47, M = 3.489, SD = 1.690, SE = 0.247
and the comparison group post-test scores: n = 24, M = 2.125, SD = 1.227, SE = 0.251. Differences were found between the two groups’ post-test scores and, therefore, the researcher conducted an independent t-test analysis.
An independent samples t-test was conducted to compare if the school-garden intervention affected students’ Project 2061 post-test scores between the treatment group and the comparison group. Before the analysis could be conducted, assumption checking for an independent
samples t-test occurred. The independent samples t-test has three main assumptions: 1) The ob-
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servations are independent of one another, 2) Normality of the dependent data: the dependent
variable must follow a normal distribution, and 3) Homogeneity, the distribution of scores
around the mean of two or more samples are considered equal (Bakker& Wicherts, 2014, Barnard, 1984; Feir-Walsh & Toothaker, 1974; Levene, 1960; Rasch, Teuscher, & Guiard, 2007;
Rochon, Gondan, & Kieser, 2012; Ross & Willson, 2018).
The researcher checked for independent samples t-tests assumptions before conducting
the analysis. The sampling was random and the scores were independent of each other; the
treatment group and comparison group were students on different teams. A normal distribution
was found between the treatment group (see Figure 18 below) and the comparison group’s posttest scores (see Figure 19 below). Figure 20 below depicts how the overall combined post-test
scores fall into a normal distribution. Furthermore, the comparison group (n = 24) displayed a
skewness of -.26. Because this is between -0.5 and 0.5, the distribution is approximately symmetric. In addition, the kurtosis was calculated for the comparison group post-test and was found
to be -.73. Because this is between -3.0 and 3.0, the distribution is normal (Groeneveld &
Meeden, 1984). And, as described earlier, the treatment group post-test displayed a skewness of
0.10. As this is between -0.5 and 0.5, the distribution is approximately symmetric. In addition,
the kurtosis was calculated for the treatment group post-test and determined to be -.19. Because
this is between -3.0 and 3.0, the distribution is normal (Groeneveld & Meeden, 1984). And
Levene’s test of homogeneity, was calculated with a score of p = 0.602, demonstrating that the
two samples have equal variances and that random sampling did occur in this population
(Levene, 1960).
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Mean = 2.13
Standard
Deviation = 1.23
N =24

Figure 20. This histogram demonstrates the comparison group’s post-test scores and that the
scores are normally distributed. Each column represents a score, 0 through 4. No student answered more than four items correctly.
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Mean = 3.49
Standard
Deviation = 1.69
N = 47

Figure 21. This histogram demonstrates the treatment group’s post-test scores and that the
scores are normally distributed. Each column represents a score, 0 through 8. Only one student
answered all eight items correctly.
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Mean = 3.03
Standard
Deviation = 1.67
N= 71

Figure 21. This histogram demonstrates post-test scores from both groups and that the scores
overall demonstrate a normal distribution. Each column represents a score, 0 through 8. Only
one student answered all eight items correctly.

After assumption checking was completed, the researcher found no violations and continued with the independent samples t-test analysis. Due to the mean differences between both
groups, an independent samples t-test was conducted to investigate if there were statistical differences in post-test scores between the groups: treatment group (M = 3.489, SD = 1.690) and
comparison group (M = 2.125, SD = 1.227). There was a statistically significant difference between both groups’ post-test scores; students in the treatment group received higher scores t(69)
= 3.502, p = .001 (Barnard, 1984; Feir-Walsh & Toothaker, 1974). The results indicate that participation in the school-garden inquiry intervention does significantly affect a student’s Pro-
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ject2061 post-test scores. Therefore, students who participated in the school garden inquiry intervention had statistically higher Project2061 post-test scores than students in the comparison
group.
In addition, because there was a large difference between sample size across both groups:
treatment n = 47, and comparison n = 24, it was important to also calculate the effect size of the
intervention between the two groups (Fern & Monroe, 1996; Fritz, Morris, & Richler, 2011). By
doing so, it is easier to discuss the relative magnitude of the effects of the intervention on the
student’s learning about science practices. Cohen’s d was calculated using means and standard
deviations of both groups (treatment M = 3.489, SD = 1.692) and (comparison M = 2.125, SD =
1.227), Cohens’ d = .9231, r = .0419 (Cohen, 1988; Fern & Monroe, 1996; Fritz, Morris, &
Richler, 2011). Therefore, the intervention had a large effect; 82% of the comparison group
would score below an average student found in the treatment group. Overall, the intervention did
have an effect on student science practices.
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5 DISCUSSION
This study investigated the creation of new scientific knowledge through the process of
inquiry and the application of this knowledge through scientific practices. The context for this
study naturally highlights ideas from the fields of science and engineering, in a school garden.
The decision to conduct this investigation within the setting of a school garden appeared to be an
organic fit. The school-garden intervention introduced a group of sixth grade students to eight
NOSI aspects and NGSS scientific practices through engagement in garden-oriented inquiry activities. NOSI aspects and NGSS scientific practices were made explicit by discussing them in
context of the school garden inquiry activities, i.e., miniature indoor garden or design competition as well as having students reflect on how professionals perform similar activities in their careers. This final chapter will identify the various features that all played a role in this school garden intervention.
The discussion is organized by research question: 1). How are students’ understanding
about scientific inquiry affected by participation in a school garden intervention? and 2). How
are students’ application of scientific practices affected by participation in a school garden intervention? Each research question was answered with two different groups of students. The treatment group, students who participated in the school garden intervention, and the comparison
group, students who learned science in their typical sixth grade classroom.
The findings demonstrate how urban middle schoolers’ views about scientific inquiry and
their knowledge about scientific practices changed through the participation in a school garden
intervention. This investigation shows that school gardens can be utilized as another type of outof-classroom setting where various disciplines can be explored, more specifically science and
engineering. Furthermore, the findings support the use of project- and problem-based learning as
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an instructional method; the students created both an indoor garden and an outdoor garden and
found solutions for fighting hunger in their community. The chapter will close by discussing how
a school garden is an alternative way for students to experience more authentic science and engineering situations. This authentic approach may be an avenue to combat the larger overarching
problem in K- 12 science education, i.e., scientific literacy.
Understanding the process of inquiry
The first research question asked: How are students’ understanding about scientific inquiry affected by participation in a school garden intervention? To answer the question students
filled out the qualitative assessment Views About Scientific Inquiry (VASI) modified. The assessment included eight open-ended items; the eight items align with the eight targeted NOSI
aspects. This alignment by aspect allowed for a more in depth understanding behind which aspects were more difficult for these middle schoolers to grasp even after participating in a school
garden intervention. Additionally, throughout this section “teacher” is referring to the researcher
teaching the classes.
treatment group NOSI changes.
The treatment group demonstrated change from naive views to more informed views
about inquiry across all eight aspects of NOSI. Each aspect will be discussed independently and
if changes were demonstrated in the treatment group. The school garden intervention was found
to be most effective in developing four of the eight aspects.
Aspect “there is no single set and sequence of steps followed in all scientific investigations (i.e., there is no single scientific method)” is divided into three parts and examined the different types of investigations in the domain of science. At pretest, naive views were 58.8% and
informed 3.9%, but by posttest naive views had decreased to 35.3% and informed views had in-
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creased to 19.6%. Students in the intervention were constantly exposed to two types of investigations, observational and experimental. Throughout the lessons, students began to recognize that
different ideas could create different types of investigations. In lesson 2.1, students designed and
conducted an observational study. Then in lesson 2.2, students designed and conducted an experimental study. It was up to each group to design an observational investigation followed by the
design of an experimental investigation. During these lessons, the researcher was mindful to continuously move from group to group to assist in each group’s understanding about what key differences occur in these two types of investigations. The pedagogical approach for lessons 2.1 and
2.2 were student-centered situated learning, the students within each group had agency to design
and conduct their own investigations. By allowing, the students to design and conduct their own
investigations, they appeared more engaged with the material and created associations that were
relevant and unique to the individual investigations which they designed.
For the following aspect, “scientific data are not the same as scientific evidence” students did demonstrate understanding. At the time of pretest, 62.7% of the students demonstrated
a naive view and 9.8% demonstrated informed views. By the time of the posttest, naive views
had declined to 29.4% and informed views increased to 33.3%. The students in the treatment
group explicitly discussed the differences between data and evidence in lessons 2.2, 3.1, and 3.2
with each other and the researcher. These lessons included worksheets where students designed
investigations, carried out the investigation, analyzed the data, and justified claims with evidence
from their investigations. The three lessons aligned with the desired aspect, allowing groups to
practice gathering data and to learn how to interpret their data so that it became evidence. Across
all fidelity observations, the researcher did discuss data and evidence with the students. The researcher emphasized to students how scientists collect information (their data) but that the in-
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formation cannot become evidence until the scientists analyze and interpret the data in a manner
that supports the research question. Understanding the key differences between those two science
terms empowers students’ scientific literacy. It is important for students to evaluate scientific
claims and one way they learn this practice is by understanding the difference between data and
evidence. This understanding between data and evidence is seen in everyday life e.g. media, politics, etc. supporting the importance of learning how to evaluate scientific claims. In the intervention students would have the ability to make claims supported by data which they had collected and interpreted which would thereby become evidence.
By the end of the intervention, there remained a few students who continued to have naive views about evidence see Table 10. These students still related evidence to a crime scene or
law. This may be due to the way evidence is portrayed in today’s media, i.e., Law and Order,
CSI, etc. These television shows act out the practices of what scientists do on the job but there is
no explanation discussing how data found at a crime scene becomes evidence in the courtroom
(Brossard, & Scheufele, 2013; Songer, 2007; Szu, Osborne, & Patterson, 2017). Due to the lack
of explanation from television shows and media, students often create misconceptions about the
world of science (Krajcik & Mun, 2014; Nisbet & Dudo, 2011).
In aspect “inquiry procedures are guided by the question asked; questions drive the process.” Students demonstrated significant change in their understanding. At pretest, a large plurality (47.1%) of students held naive views, with only 11.8% demonstrating informed views. By
posttest only 17.6% of students held naive views and informed views increased to 25.5%. The
large change to mixed and informed responses could be attributed to the format of each lesson
and the pedagogical approach of the teacher. The beginning of each lesson started with the
teacher discussing with the class background information on a given topic as well as asking stu-
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dents what they know. This student-center approach of asking students questions and their prior
knowledge allowed the students to drive the discussion. By the end of the short discussion, the
teacher would then ask the class with the information they did have what they could ask as a
class, known as the guiding question. Once the class decided upon the guiding question, the
teacher placed it on the board. The board was a public area for all students to view. If students
happened to forget what the day’s lesson was, they could simply look at the board. The teacher
was also mindful in going around to groups during each lesson and having the group members
explain how the guiding question drove what is happening in the day’s activities. Moreover, as
indicated in the fidelity observation sheets, the teacher explicitly discussed the importance of
procedures aligning with the questions asked.
Finally, the aspect where students displayed a significant shift in understanding was over
the aspect “research conclusions must be consistent with the data collected”. The responses to
this aspect demonstrated the largest gains in understanding; at pretest 29.4% held naive views
and 49% held informed views. However, by posttest only 5.9% held naive views, the remaining
students held mixed or informed views. As explained with the aspect “data and evidence are not
the same”, the researcher explicitly discussed the importance of evidence throughout the five
lessons. Nevertheless, specifically in lessons 2.1, 2.2, 3.1 and 3.2, the researcher took time to
have each group present their data to the entire class and then hold a class discussion where the
class data was written on the board. After the class discussion, each group would then have to
write a claim and explain what data they used and how it was analyzed to become evidence. In
lessons 3.1 and 3.2, the students planted Fast Growing plants and took quantitative and qualitative data points of their plants for three weeks. The activity of working with plants may have influenced students’ understanding about this aspect because the question itself on the VASI asked
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about plant growing, an activity that all students were exposed to throughout the school garden
intervention.
The school garden intervention moderately impacted student views of three other NOSI
aspects. In the aspect “scientific investigations all begin with a question but do not necessarily
test a hypothesis”, the majority (58.8%) of the students at pretest held naive views and 19.6%
held informed views. By posttest there was a 10% change towards greater understanding that
scientific questions are needed because the question sets the stage for the topic of the investigation. At posttest, the students’ naive responses had dropped to 45.1% and informed views increased to 31.4%. As indicated in previous aspects, throughout all of the lessons, students were
exposed to the concept of guiding questions and how a question plays a role in an investigation.
This aspect may have only reached moderate understanding because the teacher was not explicit
enough with students in explaining the connection between a question and how the question
leads to the topic of an investigation.
The aspect “all scientists performing the same procedures may not get the same conclusions” proved to be difficult because it explored the notion of human individuation, e.g., prior
knowledge, experiences, culture, and how these factors all influence how an individual will analyze and interpret data. It is these individual differences that can cause research groups with the
same research question and same procedures to arrive at completely different conclusions. Some
of the students were able to grasp that this aspect explores how individual human differences can
affect conclusions. At pretest many students (66.7%) held naive views and 11.8% held informed
views. By posttest, informed views increased to 21.6% and naive views decreased to 43.1%.
Students worked in groups for all lessons so that they would have first-hand experience of what
it is like to collaborate with peers who may not have the same thoughts. In addition, in every les-
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son, the researcher wrote each group’s data on the board with their claim. This allowed students
to see, even within their class, how groups can have different data and different conclusions even
when they all started with the same guiding question. But as shown on the fidelity observation
sheets, the researcher did not explicitly explain subjectivity and human individuation to the class.
The researcher assumed that the students would make this connection about individual differences on their own. However, as demonstrated in the findings, not all students grasped the concept of human individuation during the process of inquiry. This is another indication as to why
explicit and reflective connections between activities and NOSI aspects must be made by the
teacher.
However, the school garden intervention seemed to be less effective in developing ideas
around the aspects of “inquiry procedures can influence the conclusions” and “explanations are
developed from a combination of collected data and what is already known.” Across the eight
NOSI aspects, these were the most difficult for the sixth-grade students to fully understand. For
the aspect inquiry procedures can influence the conclusions at pretest, students held naive
31.4%, mixed 47.1%, informed 4%. By posttest students’ responses had minimally changed naive to 25.5%, mixed 49%, and informed 4% (no change). Many of the students agreed that different procedures can lead to different conclusions, but the students could not articulate this in
the rationale portion of their response. These questions can also be viewed as “interpretation”
questions. It is up to the individual to frame how they will understand an idea and this generally
is developed from an individual’s prior knowledge and experiences through life. Fidelity observations indicate the concepts of subjectiveness and human individuation were not extensively
discussed in depth throughout the intervention, see Table 8. It was difficult for students to understand that these individual differences can stem from trying to answer the same question and sci-
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entists are individuals with their own experiences and bodies of knowledge, which can affect
how problems are solved. Human individuation and how this influence’s design and interpretation in turn leading to different types of investigations and conclusions for the same question
needed to be touched on more extensively with the students. In all five lessons, students were
given the same guiding question, but the researcher allowed the groups the flexibility to answer
the question in whatever means worked for the group. Therefore, in reality the groups were all
exposed to this aspect, but the researcher did not make that connection explicit between aspect
and activity for the students. In general, it appears to be a concept that is difficult for this overall
population of students to grasp with the limited explicit attention provided in these lessons.
To measure the aspect explanations are developed from a combination of collected data
and what is already known item 7 on the VASI, it is split into two parts; (a) asked students to
make a claim using evidence and (b) asked students what other kinds of information could help
support their original claim. For many of the students, part (a) was easily answered, using evidence to support a claim. However, the second part of the question did not connect with the students, i.e., that others before us have made scientific discoveries and those discoveries can support current claims. The concept of a person making scientific discoveries a hundred years ago
and how this discovery has shaped science in our current society did not connect with the majority of students. Due to this misunderstanding about how discoveries create new information, students displayed only a small change from pretest to posttest. Naive views 51% dropped to
43.1%, mixed views increased from 29.4% to 37.3%, and informed views actually decreased
from 17.6% to 11.8%. One major flaw that students demonstrated in their responses was the
claim that the use of technology, such as the internet was a source of evidence. Students did not
demonstrate an in-depth understanding that technology was a way to find evidence or to use dur-
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ing an investigation. Many students demonstrated a large misconception about the role of technology in science and engineering (Songer, 2007; Wallace, Kupperman, Krajcik, & Soloway,
2000). This misunderstanding involving technology and current K- 12 students has been expressed by several researchers in the last decade (Brossard & Scheufele, 2013; Krajcik, & Mun,
2014; McCrory, Kupperman, Krajcik, & Soloway, 2000; Nisbet & Dudo, 2011; Songer, 2007;
Szu, Osborne, & Patterson, 2017). It is becoming apparent that how technology and media are
used in the fields of science and engineering are not being discussed with the current generation
of students. The discussion of media and technology in the student responses as a way to find
information which could become evidence may be attributed to the constant use of technology
during the lessons with the teacher. Throughout the intervention the groups were allowed to use
ipads and the internet as a way to research their ideas. When students were asked how to find
other evidence to support their claims students’ responses used terms, e.g., the internet, use
Google, or look on the computer. Students were not realizing that the technology they are claiming as a form of evidence is actually only a conduit to find information. Technology is a way to
find or create new knowledge but to these students, technology is only a way of information
seeking (Krajcik & Mun, 2014; Wallace, Kupperman, Krajcik, & Soloway, 2000). Instead technology is hindering this current generation of students because they are forgetting that individuals are still making discoveries and contributing to the fields of science and engineering. This
constant use of technology in the classroom without explicit discussion over why technology and
media are used during investigations was noted by the researcher during the analysis phase. Students are confusing technology with the accessibility to find information. The internet and search
engines like Google may help students find information more easily but the question remains
who created the information found on the internet and Google. Is that information reliable? The
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researcher noted how many students used a Google search and clicked on the first few web pages
rather than evaluate the kind of information presented on each website. Today’s generations of
students are choosing blogs or opinionated websites rather than trying to find objective websites
(Brossard & Scheufele, 2013). The internet and search engines are a way for information seeking; students are looking for the perfect answer as fast as they can (Krajcik, & Mun, 2014; Kupperman, Krajcik, & Soloway, 2000). Rather than taking the time to actually read the content
found on each website, instead students are simply looking for keywords. From student responses, it appears that students have not necessarily thought about the kinds of information they find
with the use of technology. Therefore, students displayed a poor ability to evaluate websites.
This relates back to the students not understanding the connection between claims and evidence.
Students found the websites but would blindly ingest the information they found rather than being more careful and recognizing that the claims on these websites should be supported by evidence. It appears that when students are asked to research, this is synonymous with using the
internet and search engines. This finding will help researchers think about the impact of technology and media on the younger generations who have always been in a world inundated with
technology and media and how this inundation affects how students view the use of technology
and media and the creation of knowledge. There is a lack in the practice of evaluating these websites on the internet. From the findings of this intervention, the researcher noted that students
need more scaffolding and activities to have an in-depth understanding of the role technology
plays in science and engineering (Nisbet & Dudo, 2011; Szu, Osborne, & Patterson, 2017; Wallace, Kupperman, Krajcik, & Soloway, 2000). In addition, the way students are using technology
and media in today’s classrooms should be noted because it may be affecting how students un-
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derstand the process of inquiry and how to find information to support their ideas (Brossard &
Scheufele, 2013; McCrory, Kupperman, Krajcik, & Soloway, 2000).
model competence.
The last aspect in which students displayed moderate growth was the aspect, “explanations and models are developed from a combination of collected data and what is already
known.” This aspect is actually being measured with an item from another measure, VNOS (see
chapter 3) but because this item explores modeling, a relevant practice in science and engineering, it was incorporated into the original pretest and posttest measures for this school garden intervention. Models and the process of modeling are useful tools for conducting investigations,
analyzing data, and communicating information as explained in this aspect (Schwartz, 2018;
Schwartz & Skjold, 2012; Schwarz & White, 2005). Across all three categories growth was
demonstrated from pretest (naive 72.3%, mixed 19.6%, and informed 3.9%) to posttest (naive
31.4% and increases in mixed 49% and informed 11.8%). At the beginning of the intervention
students viewed modeling as concrete, a visual representation, or a product; a typical school science perspective, a model is a visual aid (Schwartz, 2018; Schwartz & Skjold, 2012). But
through the lessons and explicit instruction, students began to change their views to realize that
models can also be something abstract, such as a process. By the end of the intervention, students
realized that models are used to explain or organize observations, as seen with their miniature
indoor garden. Moreover, models are used to predict and then test through further observations
(Schwartz, 2018; Schwartz & Skjold, 2012). It was through the authentic experiences of creating
and designing models that the students by the end of the intervention realized that models can be
used to investigate a question or to collect data in addition to a representation (Crawford, 2012).
A greater change in understanding how scientists and engineers use modeling in their professions
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was assumed to have occurred with the treatment group students. However, a disconnect between comprehending how scientists and engineers use models in their everyday work was still
noted at the end of the intervention. The assumption that students would begin to comprehend
how professionals use models was made due to the different types of modeling intertwined in the
lessons. In lessons 3.1 and 3.2, students created a miniature indoor garden as a type of model for
their future outdoor garden. Later in lessons 5.1, 5.2, and 5.3, students designed prototypes of
their outdoor gardens. Both lessons used modeling but in different ways; lessons 3.1 and 3.2 involved gathering data and lessons 5.1, 5.2, and 5.3 involved the iterative process of design and
the application of constraints. In those lessons, models help explain and support an idea or how
to solve a problem. However, even with the various practices of modeling throughout the intervention, the researcher may have needed to make the connections between the uses of modeling
more explicit for students. In addition, the researcher should have had the students reflect on the
various forms of modeling and different ways of conducting modeling from the perspective of a
scientist and engineer. By posttest, many of the student responses took a more engineering perspective on modeling rather than that of a scientist. This may have been because lessons 5.1, 5.2,
and 5.3 were the last lessons taught. Within that grouping of lessons, students designed their
school garden, critiqued each group’s design, groups went back and made changes, until a final
prototype was decided upon for the construction of the actual school garden. The fidelity observations demonstrated that the researcher did discuss and integrate modeling into the lessons but a
greater emphasis on the application of modeling and the practice of designing could have been
made during the lessons to help students fully grasp the aspect of how it applies to both disciplines of science and engineering (Schwartz, 2018; Schwartz & White, 2005). These findings
echo what others have found with students’ competence in modeling; for this practice to be de-
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veloped it must be developed through experience (Crawford & Cullin, 2004; Schwartz, 2018;
Schwartz & White, 2005; Schwartz & White, 2005). A variety of authentic experiences that
demonstrate models and model use will begin to help student understanding about the depth of
modeling in science and engineering (Schwartz & White, 2005). Mahr (2011) explained that students need to realize that there are differences between creating a model and using a model.
These differences can be highlighted with the use of model examples and activities but as discussed with the other NOSI aspects, the connections between these examples and activities must
be explicitly addressed or students may continue with their misconceptions (Akerson,
Abd‐El‐Khalick, & Lederman, 2000; Metin & Leblebicioglu, 2015).
From these findings, the school garden intervention did change the views of a majority of
treatment group students from naive to mixed or naive to informed over the course of the eightweeks. Many of the aspects were intertwined and explicitly discussed during the lessons. This
was demonstrated with students’ responses over four aspects with the largest change from pretest
to posttest. The garden-oriented activities during these lessons could have been a contributing
factor for student understanding about inquiry. All lessons began with a guiding question, students designed investigations, in four of the five lessons students collected data, and finally in all
lessons, students were asked to explain their reasoning with the use of evidence to support their
claims. Those types of activities align with the process of inquiry enabling students the chance to
have several authentic inquiry experiences throughout this intervention. Moreover, these lessons
also align with NGSS and GSE allowing educators the ability to assess their students’ knowledge
about the process of inquiry and scientific practices. Another factor that may have affected the
students learning was the researcher’s fidelity to the lessons. Findings from the fidelity observa-
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tions in conjunction with students’ posttest responses confirm that treatment group students were
learning and understood the process of inquiry by the end of the intervention.
treatment group post NOSI and comparison group post NOSI.
Due to the lack of classroom instructional time, the primary researcher was only given
one classroom period to collect posttest surveys with the comparison group. The comparison
group students who did not participate in the school garden intervention received science lessons
during the same class periods as the treatment group students but in their regular science classrooms. The comparison group students were chosen because these students were being taught the
same Georgia standards of excellence in science but in a more traditional classroom setting without project-based learning methods and without the use of a school garden. In addition, the students did not participant in NOSI activities with explicit instruction or reflective discussions.
The results indicate that the treatment group outperformed the comparison group across
all eight items on the modified VASI, see Table 9. From these findings it can be determined that
students who participated in the treatment group developed a greater understanding about the
process of inquiry when compared to their peers who were taught in a Science indoor classroom
setting. One noticeable difference which can be seen in the comparison group’s responses for the
aspect begins with a question are in reverse of what the treatment group displayed at time of pretest. The majority of the class (50%) displayed naive views. It should be reiterated that students
from both groups were learning material set by state and national standards. However, the two
groups did have different Science teachers all year: Treatment group = Hurley and Comparison
group = Edwards. It may be the case that Mrs. Hurley’s teaching is impacting her students in addition to the school garden intervention.
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Findings demonstrate the comparison group’s posttest responses are extremely similar to
the treatment group’s pretest responses, see Tables 12 and 13. This aligns with a major international NOSI study in which the majority of seventh graders around the world hold naive views
about NOSI (Lederman, J., Lederman, N., Bartels, S., Jimenez, J. et al., 2019). Therefore, at this
school, it was determined that a typical sixth grade student will mostly hold naive views when
asked about the process of scientific inquiry. However, if these same students participated in the
school garden intervention, they would have the capability of changing their views to more
mixed and informed, as demonstrated with the results from the treatment group posttest responses.
comparison to other NOSI studies.
As discussed in Chapter Two, the specific framework for knowledge about inquiry is
based on the NOSI framework developed by Lederman et al (2014). This framework aligns with
the VASI instrument. Due to the novelty of this framework and instrument, there have been a
recent influx of studies investigating students’ understanding about NOSI. When comparing this
population of urban sixth grade students to other VASI studies some notable similarities and differences occurred. Table 16 below, displays the various studies and the level of understanding
for each aspect.
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Table 13. The most recent VASI studies results across all eight NOSI aspects including students from this study. Students from this
study are in bold.

NOSI study

Hamed,
Jimenez, & Lederman, 2017
Liu, Liu, & Guo,
2017
Lederman, J.,
Lederman, N.,
Bartels, S.,
Jimenez, J. et
al., 2019
Comparison
group posttest
Treatment
group pretest
Treatment
group posttest
Yang, Park,
Shin, & Lim,
2017
Anggraeni,
Adisendjaja, &
Amprasto, 2017
Leblebicioğlu,
Çapkınoğlu,
Metin, &
Schwartz, 2017
Gaigher, Lederman, & Lederman, 2014

School
grade

Multiple
methods

Begins with
a question

Procedures
influence
conclusion
N

Aspects
Data not same
as evidence

7th

N

N

Same procedure may not
same result
N

N

Procedures
guided by the
question
N

Conclusions
consistent
with data
N

Explanations
Developed
from data
N

7th

M

M

N

M

M

I

M

M

7th

N

N

N

N

N

N

N

N

6th

N

N

N

N

N

N

I

N
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N

M

N

M

N

N

I

N
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M

M

M

M

I

M

I

M

10th

N

M

I

M

M

M

I

N

11th

M

M

I

I

N

N

N

M

11th

M

M

N

N

M

I

I

I

11th

M

I

M

M

I

I

I
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The NOSI studies, in Table 13, were all conducted in one day, students completed surveys at one time point. The pretest views of the treatment group and the posttest views of the
comparison group were extremely similar to three NOSI studies. In 2017, the researchers
Hamed, Jimenez, and Lederman explored the views of sixty 7th grade students in Spain. All students demonstrated naïve understandings across all eight NOSI aspects. In the same year 166 7th
grade students from Beijing China were interviewed over their nature of inquiry views. Unlike in
the Spanish study, the students from China had a range in their understanding about inquiry. Students carried informed views across aspects: scientific investigations all begin with a question
but do not necessarily test a hypothesis, inquiry procedures are guided by the question asked,
and research conclusions must be consistent with the data collected. More mixed views were
demonstrated over aspects: there is no single set and sequence of steps followed in all scientific
investigations (i.e., there is no single scientific method, inquiry procedures can influence the
conclusions, and scientific data are not the same as scientific evidence. And then naive views
over aspects all scientists performing the same procedures may not get the same conclusions and
explanations and models are developed from a combination of collected data and what is already known (Liu, Liu, & Guo, 2017). However, the most recent NOSI study across the world
with nineteen countries does indicate that the majority of 7th graders around the world do hold
naive views about scientific inquiry (Lederman, Lederman, Bartels, Jimenez, et al., 2019).
Therefore, these urban sixth graders from this dissertation study do perform at the same level as
the majority of other middle schoolers around the world meaning that all of these students could
benefit in the participation of a school garden intervention.
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The VASI assessment was also conducted with four groups of high schoolers ranging in
ages fifteen to seventeen. The youngest group of high schoolers was from South Korea. A total
of 282 10th grade students completed the survey and they demonstrated informed views across
three aspects: scientific investigations all begin with a question but do not necessarily test a hypothesis, all scientists performing the same procedures may not get the same conclusions, and
research conclusions must be consistent with the data collected. These students had difficulty
with aspects, there is no single set and sequence of steps followed in all scientific investigations
(i.e., there is no single scientific method) and scientific data are not the same as scientific evidence, in which students held naïve views (Yang, Park, Shin, & Lim, 2017). In another highschool study but with thirty-two 11th graders in Singapore these students demonstrated informed
views across four aspects: there is no single set and sequence of steps followed in all scientific
investigations (i.e., there is no single scientific method), scientific investigations all begin with a
question but do not necessarily test a hypothesis, all scientists performing the same procedures
may not get the same conclusions, inquiry procedures can influence the conclusions. But the students still held naïve views over the other four aspects (Anggraeni, Adisendjaja, & Amprasto,
2017). In Turkey sixty-nine 11th graders performed slightly better than the previous two high
school studies. Students from Turkey demonstrated informed and mixed views across five of the
aspects: scientific investigations all begin with a question but do not necessarily test a hypothesis, Inquiry procedures are guided by the question asked, research conclusions must be consistent with the data collected, scientific data are not the same as scientific evidence, explanations and models are developed from a combination of collected data and what is already known.
But on three of the aspects these highschoolers demonstrated naive understandings (Leblebicioğlu, Çapkınoğlu, Metin, & Schwartz, 2017). However, in one high school study with 105 11th
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graders from seven different high schools in South Africa, the majority of students demonstrated
informed or mixed views across all eight of the NOSI aspects (Gaigher, Lederman, & Lederman,
2014). In reality, the responses from these students in South Africa are extremely similar to the
posttest responses of the treatment group; achieved after explicit instruction and activities that
align with NOSI. But this may be the case because the science curriculum in South Africa supports more student thinking associated with NOSI (Gaigher, Lederman, & Lederman, 2014).
Across the various NOSI studies with high school populations, these students do show
more informed views when compared to the pretest scores of students in this dissertation or in
other studies with younger-aged students which employed the VASI. The high schoolers in these
studies outperformed the urban middle schoolers when looking at pretest views for the treatment
group and posttest views for the comparison group. These older students may hold a better understanding simply due to their grade level because they are exposed to more science content in
general than in middle school. But by posttest, students in the school garden intervention begin
to display views that were more typical of older students such as the Korean tenth graders, the
Turkish 11th graders, or the Singaporean 11th graders (Anggraeni, Adisendjaja, & Amprasto,
2017; Leblebicioğlu, Çapkınoğlu, Metin, & Schwartz, 2017; Yang, Park, Shin, & Lim, 2017).
Nevertheless, the posttest views by the treatment group were even more similar to the students
from South Africa, which has a national curriculum that aligns with NOSI (Gaigher, Lederman,
& Lederman, 2014). This indicates that with a curriculum, i.e., structured inquiry activities, and
where explicit connections between the NOSI aspects and the activities are discussed, can enhance a typical middle schooler’s understanding about the process of inquiry to the level of understanding of a high schooler. This intervention showed how younger students do have the ability to learn NOSI and develop a deeper understanding about inquiry.

156

157

science camp studies.
In reality after comparing various NOSI studies, four recent studies stood out as the most
comparable studies to this dissertation. It became evident that the school garden intervention is
more similar to the four science summer camp studies discussed in chapter two rather than more
prominent classroom NOSI studies, see Table 14. These four science summer camp studies were
held over a one- to two-week period where students participated in different types of inquiry activities (Antink-Meyer, Bartos, Lederman, & Lederman, 2016; Leblebicioglu, et al 2017; Leblebicioglu, Metin, Capkinoglu, Cetin, Dogan, & Schwartz, 2017; Metin & Leblebicioglu, 2015).
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Table 14. VASI studies where students were exposed to an intervention including students from this study. Students from this study are
in bold. Leblebicioglu, et al 2017* did not use all the same items as the other studies on this chart. Also, two camp sessions in this
study.
Aspects
Camp Study

School
grade

Antink7th
Meyer, Bartos, Lederman, & Lederman, 2014
Leblebicioglu, 7th
et al 2017

Leblebicioglu, 7th
Metin, Capkinoglu, Cetin, Dogan, &
Schwartz,
2017 *
Treatment
6th
Group
Comparison
Group

6th

Multiple
methods

Begins
with a
question

Same procedure may
not same
result

Procedures
influence
conclusion

Data not
same as
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guided by
the question
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Comparison of the four science-summer camp studies indicated that Turkish students and
Taiwanese students in science camps demonstrated less naive views than the students in this dissertation during pretest views. However, by posttest all students across the science-summer
camps and the school garden intervention demonstrated improvement over the eight NOSI aspects. In particular, the Turkish and Taiwanese students had posttest views similar to those of the
school garden intervention students. All three groups of students demonstrated significant change
over the following three aspects: scientific investigations begin with a question, there are multiple methods to investigations, and there are differences between data and evidence (AntinkMeyer, Bartos, Lederman, & Lederman, 2016; Leblebicioglu, et al 2017; Leblebicioglu, Metin,
Capkinoglu, Cetin, Dogan, & Schwartz, 2017). Nevertheless, as displayed in the school garden
intervention, not all NOSI aspects were fully understood by the science camp participants. The
aspect “all scientist performing the same procedures may not get the same results” did change
slightly with students in the camps and the intervention, however the students still had difficulty
explaining the rationale behind their answer. Also, although the NOSI aspect “research conclusions must be consistent with the data collected” displayed the highest understanding at the beginning of the studies, by the end of the interventions, students demonstrated further development in the understanding behind this aspect (Antink-Meyer, Bartos, Lederman, & Lederman,
2016; Leblebicioglu, et al 2017; Leblebicioglu, Metin, Capkinoglu, Cetin, Dogan, & Schwartz,
2017).
Summer science camp studies were more similar to this dissertation than other NOSI
studies due to several features, including less time constraints, activities were not graded as in
school but graded on student understanding, all activities were inquiry-based and aligned with
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NOSI aspects, and students were immersed in an authentic setting in which they could make associations. The factor of time is always a constraint but, in this intervention, students were in
block scheduling and were in each class for one and a half hours. This type of scheduling allowed the instructors the flexibility to go back and clarify concepts and ideas with students. Also,
due to less time constraints, students did not feel rushed which allowed students to work through
the inquiry process more slowly. As in the science camps, the student’s work from the school
garden intervention, i.e., their worksheets, designs, and etc. are not tied to a letter grade. This
disconnect between work and grades could also be a factor as to why students in the treatment
group appeared to be more similar to the science camp students.
The activities across all camps and the school garden were inquiry-based allowing the
students to have agency over choices (Lederman, N., & Abd-El-Khalick, F. (1998). Furthermore,
the activities were imbedded in content that was applicable to the student, i.e., ecosystems in the
science camps or soil in the school garden (Abd-El-Khalick, 2002). Activities in the science
camps, as with the school-garden intervention, were engaging and relevant to the students. Students could immediately relate to the activities rather than performing labs or tasks that were difficult for the students to associate with. In addition, by using activities within the science camp
setting or school garden setting, the students were engaging in more authentic science (Crawford,
2012). Students were working with real tools and collecting their own data. They were actually
working through the same process of inquiry that professional scientists and engineers do. But as
expressed by Khishfe & Abd‐El‐Khalick (2002), if these activities and out-of-classroom settings
were not explicitly discussed with students and how they were all connected, students would be
unable to construct new knowledge. Students needed explicit instruction as well as time to reflect
on what they were learning from performing these activities. Both of these approaches were seen
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in the science camps and the school garden intervention which inevitably may have been how
students were able to reach mixed to informed understanding in a short amount of time. It was
this authentic setting, in conjunction with aligned activities and explicit instruction, which helped
promote change in the students’ understanding about NOSI (Smith, Maclin, Houghton, & Hennessey, 2000).
Scientific Practices
Understanding NOSI was only part the problem, students also needed to be able to apply
the knowledge gained through inquiry to their scientific practices. The second research question
asked: How are students’ application of scientific practices affected by participation in a school
garden intervention? To answer this question, students filled out the quantitative assessment created by combining items from Project2061 (AAAS, 1990), a multiple-choice assessment which
included eight items over two practices: control of variables strategy and modeling.
treatment group changes.
A total of eight multiple choice items were given to students. Five items assessed control
of variables strategy (CVS) and three items were over modeling. Students had to apply their
knowledge about inquiry in these questions. The treatment group demonstrated over a one-point
gain from pretest (M = 2.391, SD = 1.325) to posttest (M = 3.489, SD = 1.692.). Due to this
change in test scores, a statistical test, independent samples t-test, showed that significant learning did occur from pretest to posttest, see chapter 4. Additionally, the effect size of the intervention was also calculated to better understand the magnitude of the intervention on the participating students. The effect size for the treatment group was found to be Cohen’s d = .681, which
indicates that the intervention had a high moderate effect on the treatment group students from
pretest to posttest (Cohen, 1988; Fritz, Morris, & Richler, 2011). From these findings, the stu-
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dents in this group were able to change their understanding behind CVS and modeling. Nonetheless, the mean scores at both pretest and posttest do not show a passing score. This may appear
disconcerting because the students never reached a passing score yet for this study a passing
score was not the intent. Instead this study wanted to show gains in student learning and from
pretest to posttest the treatment group students did demonstrate gains in their learning about science practices.
control of variables strategy (CVS).
Students were first exposed to CVS in lesson 2 where students were designing and conducting observational investigations. Lessons 3.1 and 3.2 dove deeper into this practice by having groups design and conduct an experimental investigation with water and another investigation with the planting of a Fast Plant. In these lessons, groups noted which variables they used
and why a variable was chosen. In addition, the researcher stressed the use of variables with the
students in lessons 3.1 and 3.2. At the end of those lessons the researcher brought the class together and had all of the groups write their data on the board. Then, as a class, they discussed
which variables each group used and any commonalities or differences between the groups’
choice of variables. Throughout the lessons, the researcher posed hypothetical questions to the
class, asking what would happen if we changed the garden to this type of soil, or what would
happen if we only used this amount of water, or do we have good data if we change two variables at once? It was in these class discussions where the researcher could explicitly make connections for the students between what they were doing in the lesson and how it would affect
their school garden outside. By lesson 5.3, when students began to construct the garden outside,
the students were again reminded how variables work with one another. The variables they
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learned about during the lesson, included type of soil, amount of water, or type of plant and their
role in the larger school garden.
modeling.
Modeling was the other assessed science practice. Modeling is important in both fields of
science and engineering because this practice teaches students that models are not simply visual
representations. Rather, models can help explain phenomena or where a problem is located. During the intervention, students had two different authentic experiences with modeling. In lesson
3.2, students created their indoor garden, a miniature representation of the garden the students
would create at the end of the intervention. This miniature garden allowed students to try different soils and amounts of water to better understand what they would need to do once it was time
to move outside to the full-size school garden. In lessons 5.1, 5.2, and 5.3, students began to understand modeling but from a more engineering perspective. In these lessons, groups were designing what they thought would be the best class garden to construct. But designing was only
the beginning. The groups received critiques from one another, helping students understand that
in design several iterations of the model or prototype are created before a final model or prototype is selected. By the end of the intervention, students experienced modeling by creating a
miniature garden and trying different variables with the indoor garden as well as designing and
then constructing the final design of their school garden. Overall, the students had many authentic moments throughout this intervention where they could actually apply the practices that they
were learning but as indicated with their less than 50% achievement scores on their posttest more
explicit instruction is needed to further help students understand the connection between what
they are physically and mentally doing during an investigation and how this doing is actual a scientific practice.
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treatment group and comparison group.
The comparison group did better on items 2 and 6; not huge differences but they did out
score the treatment group, see Table 15. However, across the other six multiple choice items, the
treatment group outperformed the comparison group. When analyzing total posttest scores for
this multiple-choice assessment, the treatment group scored one point higher than the comparison group. That was a significant difference. Due to these differences, statistical tests were conducted to better understand if the intervention affected the students. The statistical tests did indicate that students who participated in the treatment would receive higher scores on their multiple-choice posttest assessment. Additionally, effect size was also calculated to better understand
the impact of intervention on both groups without the challenge of sample size. The effect size
was found to be, Cohen’s d = .9231, between both groups indicating that the intervention largely
impacted the students who were participating in the treatment group (Cohen, 1988; Fern & Monroe, 1996; Fritz, Morris, & Richler, 2011). Note that the comparison group did not have the same
project-based learning curriculum or as many experiences to work through investigations where
they would have had the ability to perform these practices.
As with the VASI assessment, the comparison group’s posttest answers were similar to
those of the treatment group pretest answers, see Tables 12 and 14. This indicated that both
groups had a similar understanding about inquiry and scientific practices but, as demonstrated
with the treatment group posttest scores, the treatment group students were learning throughout
the school garden intervention where the combination of curriculum, pedagogical approaches,
and out-of-classroom setting all enabled the development of a more informed view about inquiry
and the application of science practices.
students and the intervention.
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This dissertation began as a study to investigate how students understand NOSI and the
application of science practices. These two constructs were investigated because they can help
further an individual’s scientific literacy.
A review of the literature over inquiry and science practices showed classroom settings as
the environment where the majority of these studies are conducted. But school science is becoming far too compartmentalized for students to relate it to events in everyday life (Adams, Gupta,
& DeFelice, 2012; Braund & Reiss, 2006). A way to combat this is to place students in an outof-classroom setting, e.g., a school-garden, where students have a more authentic experience
with the curriculum (Rennie, 2007; 2014). These settings create a space for more situated learning. Situated learning allows students to be immersed in a setting. To further the situated learning
experience, instructors can use problem-based or project-based learning as seen in this schoolgarden intervention. The school garden intervention does support the need for inquiry activities
to be tied to NGSS standards and NOSI aspects (LeadStates, 2013; Lederman and Abd-ElKhalick, 1998). The content should be imbedded within the activities but that is not enough; it
cannot be assumed that students will implicitly learn the content (Abd-El-Khalick, 2002; Khishfe
& Abd‐El‐Khalick, 2002). Instead activities need to be explicit and reflective. As shown with
NOS, NOSI and NGSS standards must also be taught explicitly with reflection; instructors cannot assume students will understand the material at the necessary level (Akerson,
Abd‐El‐Khalick, & Lederman, 2000; Khishfe & Abd‐El‐Khalick, 2002). During the intervention
activities and their connections to NOSI and NGSS were explicitly discussed by the researcher,
allowing for student understanding to develop throughout the intervention.
Boys and girls both learned when participating in the intervention. This finding indicates
that activities and instruction affected both gender’s learning in a positive manner. The literature
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discusses how girls lose interest in STEM when attending school (Brickhouse, Lowery &
Schultz, 2000). A school garden setting may be an avenue to keep girls interested in the STEM
pipeline. In addition, within this population of all minority urban students, many did not enjoy
going outside or know what it meant to garden. Over time the students began to enjoy the intervention by interacting with plants and completing inquiry lessons about the school garden. Slowly students began to ask for more time outside; students wanted to work in the school garden.
Currently many urban students do not have an understanding about nature or how they relate to it
(Lekies, Yost, & Rode, 2015; Louv, 2008). Again, the school garden setting may be another avenue to help students develop a relationship with nature and the environment. This deeper understanding about the environment could impact how these students make future decisions about
environmental topics such as climate change and fresh water.
This intervention demonstrated to be useful in facilitating change in students understanding of inquiry and science practices. The school garden intervention kept students in constant
engagement and formative assessment aligning with inquiry content; it immersed the students in
the entire process. Furthermore, the tools of assessment used in this study demonstrated to be
reliable with this unique population of urban middle schoolers. The VASI instrument clearly
helped identify the various categories of understanding about NOSI which an individual may
hold (Lederman et al, 2014). While the items from Project 2061 explored students’ understanding of the application of a science practice (AAAS, 1993). In the end, this school garden intervention provided insights on how out-of-classroom settings can be an envelopment to help students develop an understanding about the NOSI and how new knowledge can be created from
this process.
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Implications
Given the significant numbers of students in indoor classrooms around the nation, an understanding of how to improve understanding behind the process of inquiry and the application
of science practices in such out-of-school settings is important. This dissertation provides insight
into the extent that it is necessary to provided consistent engagement with NOSI and science
practices as the content of focus. Only the aspects of NOSI and science practices that were embedded and explicitly discussed throughout multiple school garden lessons were areas with
demonstrated improved understanding and application from pretest to posttest.
The school garden intervention proved to be an avenue where out-of-classroom learning
can occur. However, this intervention also supported many previous findings discussed in the
fields of science education: explicit instruction (Khishfe & Abd‐El‐Khalick, 2002), inquiry activities (Abd-El-Khalick, 2002), and authentic experiences (Crawford, 2012) all play a role in how
a student learns science. Within this authentic experience, students still have structured learning.
The difference is that the structure comes from the alignment of the content with the out-ofclassroom setting. The content and setting allow students the ability of repeated exercise in the
application of science practices. It is this repeated exposure within the authentic experience that
enables students to better understand NOSI (Crawford, 2012).
Furthermore, the data from this study show that tentative and subjectiveness were difficult aspects for students to completely understand. Perhaps NOS could be added to a NOSI unit.
Not only would this give students more exposure to the aspect of tentativeness/subjectiveness but
it will also help students in being better inquiry learners. By combing specific aspects of NOS
with specific aspects of NOSI could benefit the student in more ways than one.
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The summer science camp studies related more to the type of work found in this dissertation (Antink-Meyer, Bartos, Lederman, & Lederman, 2016; Leblebicioglu, et al 2017; Leblebicioglu, Metin, Capkinoglu, Cetin, Dogan, & Schwartz, 2017; Metin & Leblebicioglu, 2015). It
may have been due to the fact that the science camps and school-garden were over longer periods
of time, allowing the students and instructors more time to process the activities. Students’ work
is not linked to a grade, which may influence students to try more risky answers because they
understand their grade will not be affected. And the environment between the science camps and
school garden is engaging and authentic. These details might be enough to motivate students in
learning more science.
The most surprising find from this dissertation is how technology and media may actually
be hindering students understanding about Science. Similar findings were found in other technology studies (Krajcik, & Mun, 2014; Szu, Osborne, & Patterson, 2017). The responses from
the students in this school garden intervention indicate that researchers and educators need to
take a more in-depth look at how technology and media are influencing the current generation of
students.
Conclusions
In today’s world of education, the term scientific literacy is being discussed across several agencies (NRC, 2012; AAAS). Scientific literacy is an individual’s ability to understand the
natural world as well as skills or practices that enable the ability to understand the natural world
(Roberts, 2007; Roberts & Bybee, 2014). This notion of scientific literacy can be viewed as how
an individual comprehends natural phenomena that occur in everyday life, e.g., the sun rising,
the color of the sky, why things fall to the ground, etc. With more scientific literacy, an individual can become a better problem solver and consumer of science. In this dissertation, scientific
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literacy was divided into how an individual understands the process of scientific inquiry, NOSI,
and how an individual understands the application of science practices, NGSS.
The objective of this dissertation was to introduce NOSI aspects and NGSS science practices through scientific inquiry in a school garden and to make aspects and practices explicit
throughout the context of the intervention. Based on the research findings, it was concluded that
the school garden intervention was effective for introducing six of the eight NOSI aspects: scientific investigations all begin with a question but do not necessarily test a hypothesis, there is no
single set and sequence of steps followed in all scientific investigations (i.e., there is no single
scientific method), inquiry procedures are guided by the question asked; questions drive the process, all scientists performing the same procedures may not get the same conclusions, research
conclusions must be consistent with the data collected, and scientific data are not the same as
scientific evidence. For two of the aspects, “inquiry procedures can influence the conclusions”
and “explanations and models are developed from a combination of collected data and what is
already known” change did occur in the students’ views but not to the same extent as the other
NOSI aspects. The two science practices of modeling and control of variables were also found to
be improved after the school garden intervention.
The duration of the school garden intervention was long and intensive. The intervention
was conducted during school hours during the science period. The students were placed in the
intervention; there was no voluntary participation. However, the majority of the students appeared highly motivated, relaxed, and in an enjoyable atmosphere. Most school garden research
reported in the literature was focused on a specific subject but this school garden intervention
was interdisciplinary and conducted in a natural out-of-classroom setting. There are few studies
investigating inquiry in an out-of-classroom setting. In this intervention, students were exposed
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to five garden lessons. These lessons allowed students to discuss what types of investigations
they designed, the data they collected, and the explanations they could conclude. These features
added authenticity and agency to the school garden experience. Students throughout the intervention were guided to make connections between the lessons NOSI aspects and NGSS practices.
Such explicit and purposeful attempts supported the students of NOSI and practices in this outof-classroom context, resulting in positive results in a moderate amount of time.
Helping middle school students develop an understanding of NOSI aspects and NGSS
practices needs time and deliberate effort. The researcher did not expect all students to develop
an informed understanding about inquiry and practices, but the researcher hoped to identify
which features from a school garden intervention could help the development of NOSI and practices. Furthermore, all activities were inquiry based and allowed students time to reflect on what
they were doing in the activities and how these activities relate to professional scientists and engineers. This intervention was engaging, relevant, and an authentic context to developing the
eight NOSI aspects and NGSS practices.
Retention of learning was a concern, but the same posttest could not be given to the
treatment group students the following year. This study has implications for science and engineering education. Throughout the intervention, explicit instruction was used when discussing
NOSI and science practices. NOSI research exposed how implicit instruction over inquiry and
practices do not develop adequate and meaningful NOSI and practices conceptions. Instead, a
greater emphasis on explicit instruction over NOSI aspects and practices in the context of inquiry
activities should be made throughout K-16 science education.
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Limitations
Due to the nature of working in public school with students and teachers, challenges always occur. Many of these challenges became limitations in this dissertation. These were mitigated by the fact that the primary researcher of this investigation is also the instructor of the
treatment group students. This may have created some researcher biases during the investigation.
Small sample size was another challenge. Again, because the researcher conducted this
study during normal school hours during the students’ science class period, the researcher was
taking instructional time away from the sixth-grade teachers which eludes to taking time away
from practicing for the science standards of the state of Georgia. The researcher was only able to
work with one out of the four sixth grade teams found in this public middle school. Another limitation was not directly linking the assignments from the school garden intervention to the students’ grades in the course. Students in the treatment group did receive completion grades for the
group work and worksheets completed in class. Also, students in the treatment group were never
given homework; it may have benefited the researcher to incorporate other assessments throughout the intervention. The last limitation is transfer of knowledge. The researcher did not ask for
the ability to analyze students’ science grades at the end of the semester, eight weeks after the
end of the intervention or to collect students’ standardized tests scores. Gaining access to those
types of scores may help demonstrate if an intervention of this nature can affect students’ weeks
or semesters after the initial participation.
Future Research
This school garden intervention dissertation is only the beginning for this area of research. Several future projects and studies can be developed from this dissertation. A practical
study would be to longitudinal follow the students who participated in the school garden inter-

171

172
vention to determine if their same views about the NOSI and the application of scientific practices holds over time or how fast learning decays. This longitudinal investigation could be done after an initial semester or a year after participation in the school garden intervention.
From a data perspective, future work could investigate the student interviews. This difficultly of interviewing younger students over their understanding about inquiry could be a new
study on its own. Additionally, it would be interesting to conduct a study with students from older grade levels to investigate if the school garden intervention affects their learning about NOSI
and practices at the same magnitude as the sixth graders in this study.
Switching from future work with students to future work with teachers and instructors,
the next natural progression of this intervention would be to have teachers instruct the lessons
and have the researcher evaluate these teachers on their fidelity to the lessons. By doing so, the
researcher could determine how effective the curriculum is and would confirm if the school garden lessons are ready for publication, allowing any instructor or teacher the ability to pick up
these lessons and immediately begin instructing to their students. Another study would investigate how teachers understand NOSI and science practices and how this understanding is necessary for effective teaching in this way, an informal setting e.g. school garden. What professional
development is needed for teachers to effectively teach in an informal setting such as a school
garden? What other resources or supports do teachers need?
As discussed in this dissertation the areas of school garden research and the process of
inquiry are largely unexplored, leaving many research opportunities for future discoveries in science education and the learning sciences.
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APPENDICES
Appendix A: Inquiry School Garden Lessons
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Name of Lesson: Lesson 1 How do we investigate world hunger?

Prepared by:
Carmen Carrion
Date: February

Resource:
2018
Topic: Investigating

Grade Level: 6th

Connections to NGSS:

Total time estimate:
55min

NGSS- MS- ETS1-1 Defining the criteria and constraints of a design problem while taking into account a successful solution.
Students must also take into account relevant scientific principles and potential impacts on people and the natural environment that
may limit possible solutions.
NGSS- MS- ETS1-2 Evaluate competing design solutions using a systematic process to determine how well they meet the
criteria and constraints of the problem.
NOSI Aspect:

Asking questions
There is no single set or sequence of steps followed in all investigations.
Inquiry procedures are guided by the question asked.
Overview/ Purpose/Assumptions:
During this lesson students will learn what is world hunger. They will then take this knowledge to design a school garden. Students will have the learning opportunity to work with one another to create a solution for world hunger.
Content Learning Outcomes: Students will be able to explain what is world hunger. Students will also learn how to design a garden
after researching and investigating how to design one.
NOSI Learning Outcomes: This lesson will clearly demonstrate inquiry and allow the students to demonstrate how the sciences are subjective and tentative by nature and the use of creativity within the investigation process.
Science Practices Outcomes:
- Asking questions and defining problems in 6–8 builds on K–5 experiences and progresses to specifying relationships between variables, and
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clarifying arguments and models.
-Planning and carrying out investigations in 6-8 builds on K-5 experiences and progresses to include investigations that use multiple variables
and provide evidence to support explanations or solutions.
- Define a design problem that can be solved through the development of an object, tool, process or system and includes multiple criteria and
constraints, including scientific knowledge that may limit possible solutions.

Connections to Inquiry: (explain where and how in the lesson your NOS, NOSI, and science practices expected outcomes are
explicitly addressed.)
During the investigation I will introduce how questions guide our investigation.
During the discussion post investigation, I point out how groups have different designs/solutions for solving world hunger, detailing how subjectivity and creativity played a role during the investigation.
•
•

Materials required:
Field notebooks
ipads

Section of
Lesson
Opening

Time estimate
10 mins

Teacher Guide (what
is the teacher doing)
Ice Breaker

Planned questions, activities, & assessments
I show pictures world hunger. Then
show pictures of different natural disasters affecting fields. I will also show how
organisms such as different insects can
destroy crops. Ask students “ How might
these pictures be connected?”

Student guide (what are the students
doing)
Students participate in ice breaker
activity by telling me what they see.
Discuss world hunger and how scientists and engineers are trying to
combat these factors on different
levels.

206
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What do you think are nonliving factors?
What do you think are living factors?
What do these factors end up contributing
too?

Students are participating in discussion, sharing their ideas.

World hunger!

15mins

Leading the students in
discussion, writing
their thoughts on the
board.

-Allow students to
make guesses of what
they think and have
them write them on the
right side of the board.

Student will investigate hunger statistics:
How much hunger is found across the
world? How much hunger is found in the
US?
How much hunger is found in the Atlanta
metropolitan area?
How many children in the Atlanta metropolitan area go hungry everyday?

Students in groups will use the ipads
to research the hunger statistics.

Student chosen at
Teachers discretion.
We will chose through
hand raising and random selection. Involve
everyone.

207
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Body

20 mins

Discuss investigations.
-What is an investigation and why is it useful?
-Ask for and/or Give
examples of investigations
Discuss the importance
of questioning in science.

For your class today you and your group
will design an investigation to help solve
world hunger.
All investigations are driven by questioning.
“How do you believe an investigation begins? What do you need?”

Discuss what investigations do. Why
they are important.

Discuss ways the school can help
solve world hunger.

What affects world hunger? How do we
know?

Students are grouped into 3’s or 4’s.
Students sharing ideas. And giving
examples of ways to solve world
hunger.

Assigning groups
3 – 4 per group.

NOSI: Pose the question can we all have
the same guiding question but come up
with a difference investigation from one
another?
What is our guiding question?

208
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Begin explaining that
they students will have “How do these questions guide your invesa typical garden outside tigation? [NOSI]
and a garden made out
of recyclable materials
outside as well.

Students are discussing why a simple
investigation could be useful.

Explain to student how
investigations can be
simple. But that a simple investigation can
give a lot of information. Give student
examples.

Point out “Will all groups have the same
conclusions at the end of an investigation?
Will all groups have the same guiding
question? What if groups have the same
guiding question?
Explain to students how scientists and engineers can have the same guiding question
but use different approaches to achieve
their goals.

Explain each group has a garden bed but
all groups may grow and investigate different plants.
Closing

10 mins

Lead students in discussion

Have students from each group present
their investigation design.

I will ask what are we
investigating? What is
our guiding question?

What were the differences between some
of the groups’ investigations for a garden?

During discussion, students should
present the investigation they designed and explain what their driving
question is.

209
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Were any the same?
Will discuss with students how different
groups have the same
guiding questions. And
how some groups may
the same question but
may investigate something differently.

[need expected answers]

Go over the original the subjective and tentative nature of science. Each group can
design a different investigation around the
same question. [NOSI]
NOSI-Discuss subjectivity and creativity,
each group of students may have different
investigations, and conclusions for what
they think is needed for the gardens.
What type of information did you use to
design your investigation? [what students
knew about the process]. Why didn’t everyone do it the same way? [different experiences and expectations]
How do scientists’ experiences and expectations influence how they do science?
[make decisions based on what they know
and think is important....This is subjectivity
[NOSI].

Extension
May begin to look up
Have students who finish early research,
activities
plants to plant in Ga in
what kind of plants grow in Ga in the fall.
(plans for
the spring.
early finishers)
Assessment plans
Exit Slip: Fill out 3 questions about group dynamics.

Students work individually on the
ipads, while other students finish.
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Name of Lesson: Lesson 2 Surveying the land and soil composition Part 1
Resource:
Topic: Engineering

Grade Level: 6th

Prepared by:
Carmen Carrion
Date: February 2018

Total time estimate: 100min

Connections to NGSS:

NGSS- MS- ETS1-1 Defining the criteria and constraints of a design problem while taking into account a successful solution.
Students must also take into account relevant scientific principles and potential impacts on people and the natural environment that
may limit possible solutions.
NGSS- MS- ETS1-2 Evaluate competing design solutions using a systematic process to determine how well they meet the
criteria and constraints of the problem.
NOSI Aspect:
Asking questions
Multiple methods for the same question
Different conclusions may be justifiable from the same set of data or information

Data and evidence: sources, roles of, and distinctions between
Overview/ Purpose/Assumptions:
Students will learn how to survey land.
Students will practice observation skills.
Students will calculate the perimeter, surface area, and volume of their plots.
Content Learning Outcomes:
Students will be able to explain what factors need to be accounted for when designing a garden. Students will also discover the differences between parameter, surface area, and volume.
NOSI Learning Outcomes:
This lesson will clearly demonstrate inquiry and allow the students to understand how their guiding question relates to the design of
their gardens. Furthermore, not all students will use the same procedure but may have the same conclusions.
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Science Practices Outcomes:
- Asking questions and defining problems in 6–8 builds on K–5 experiences and progresses to specifying relationships between
variables, and clarifying arguments and models.
- Define a design problem that can be solved through the development of an object, tool, process or system and includes multiple criteria and constraints, including scientific knowledge that may limit possible solutions.
- Plan an investigation individually and collaboratively, and in the design: identify independent and dependent variables and
controls, what tools are needed to do the gathering, how measurements will be recorded, and how many data are needed to support a
claim.
-Mathematical thinking in 6–8 builds on K–5 experiences and progresses to identifying patterns in large data sets and using
mathematical concepts to support explanations and arguments.
Connections to Inquiry: (explain where and how in the lesson your NOS, NOSI, and science practices expected outcomes are
explicitly addressed.)
During the investigation design I will introduce how questions guide our investigation.
I will also discuss how several solutions can arise from the same guiding question.
During the discussion, post surveying investigation, I will point out how groups have different observations about the garden
plots and how subjectivity played a role during the investigation.
•
•
•
•

Materials required:
Field notebooks
Writing utensil
Calculator
Tape measure

Section of
Lesson
Opening

Time estimate
15 mins

Teacher Guide (what
is the teacher doing)
Ice Breaker

Planned questions, activities, & assessments
Pictures of large farms and engineering
feats. Ask students, “Do these large engineering feats happen miraculously? What
do farmers and engineers do before plant-

Student guide (what are the students
doing)
Students participate in ice breaker
activity by telling me what they see.
They answer “Surveying the land!”
212
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ing or building?”

Leading the students in
discussion, writing
their thoughts on the
board.

Ask class what is surveying and why is it
important.
You are all farmers. Your school garden
plot is your farm. Do you think you can
start planting anywhere? NO!
Students are participating in discussion, sharing their ideas

-Allow students to
make guesses of what
There are several factors that come into
they think and have
play such as: rain, erosion, wind, etc all of
them write them on the these elements can effect if your farm will
right side of the board. be successful.
Student chosen at
Teachers discretion.
We will chose through
hand raising and random selection. Involve
everyone.

Body

15 mins

Begin explaining that
the students must figure
out what factors affect
the placement of a garden plot.

For your class today you and your group
will survey the land of your future garden
plot.

Discuss what to do when surveying
the land.

NOSI: Pose the question what is our guiding question?
213
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How does the guiding question affect surveying the garden plot?

Students are in groups.
Students sharing ideas. And giving
examples things to look for.

What are features we should look for in our
plot?

Discuss why these factors all are important
when surveying the
land.

Is your plot on a hill or in a ditch or on a
flat surface? Predict the best surface and
decide why.
Will your plot receive plenty of sunlight?
Is your plot in an open space or surrounded
by trees?
Will shade affect your plot? Argue how
shade can affect your plot.

Students write answers in their field
notebooks.

How much rain does this area receive? Determine how much rain your plot may receive.
Is the area windy? Determine how much
wind your plot may receive.

30min

Take students outside

Students are writing observations of
While outside all students are writing down their garden plot or using ipads for
taking pictures.
observations of the potential garden plot
areas. Students may also take pictures.
214
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“Do all students have the same observations? What might matter to one group may
not affect another group” [NOSI]

What math do farmers need to know? Give
examples and explain.
Ask students about the
Perimeter
type of math used when
Surface area
engineering a garden
Volume
plot.

20min
Class returns inside

How can we take these measurements?
What do we need?
Height
Length
Width

Students use tape measures to measure garden plots.

How do we calculate perimeter?
Give formula
How do we calculate surface area?
Give Formula

Students break into groups to make
calculations for the garden plot.
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How do we calculate volume?
Give formula
What do each of these measurements tell
us? How does this relate to the garden
plot?

As students come up with answers explain
that the answer can be calculated more than
one way. [NOSI] Not just one set way to
come up with conclusions.

Closing

20min
mins

Lead students in discussion

Have students explain factors for farming/engineering. The importance of planning and organizing before an investigation.

I will choose some one
from each group to explain what is our guiding
question and how does
What were the differences between some
surveying the land relate of the groups’ surveying?
to the guiding question.
Were any the same?

Will discuss with students how different
groups had different
answers even though the
guiding question is the

During discussion, students should
discuss the factors their groups chose
and explain why those factors are
important for their garden plot.

Go over the original the subjective and tentative nature of science. Each group can
survey the land with the same guiding
question but still be interested in different
factors. [NOSI]
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same.
What type of information did you use to
survey the land? [what students knew
about the process]. Why didn’t everyone
do it the same way? [different experiences
and expectations]
How do scientists’, engineers, and farmers
experiences and expectations influence
how they come up with a solution? [make
decisions based on what they know and
think is important....This is subjectivity
[NOSI].
Did all of you survey the same way? There
is no single set or sequence of steps followed in all investigations [NOSI].

Extension
May begin to look up
activities
plants to plant in Ga in
(plans for
the fall.
early finishers)
Assessment plans
Exit Slip: 3 group dynamic questions.

Have students who finish early research,
what kind of plants grow in Ga in the fall.

Students work individually on the
ipads, while other students finish.

Name of Lesson: Lesson 2 Surveying the land and soil composition Part 2
Resource:
Topic: Soil compo- Grade Level: 6th
sition

Prepared by:
Carmen Carrion
Date: February 2018

Total time estimate: 100min

Connections to NGSS:

MS- ETS1-1 Defining the criteria and constraints of a design problem while taking into account a successful solution. Students must
217
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also take into account relevant scientific principles and potential impacts on people and the natural environment that may
limit possible solutions.
MS- ETS1-2 Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.
MSETS1-3

Analyze data from tests to determine similarities and differences among several design solutions to identify the best charac
teristics of each that can be combined into a new solution to better meet the criteria for success.

Connections to Georgia Standards of Excellence:
S6E5. Obtain, evaluate, and communicate information to show how Earth’s surface is formed.
a. Ask questions to compare and contrast the Earth’s crust, mantle, inner and outer core, including temperature, density, thickness, and composition.
b. Plan and carry out an investigation of the characteristics of minerals and how minerals contribute to rock composition.
c. Construct an explanation of how to classify rocks by their formation and how rocks change through geologic processes in
the rock cycle.
d. Ask questions to identify types of weathering, agents of erosion and transportation, and environments of deposition. (Clarification statement: Environments of deposition include deltas, barrier islands, beaches, marshes, and rivers.)
NOSI Aspect:

All scientists performing the same procedure may not get the same results.
Multiple methods for the same question.
Different conclusions may be justifiable from the same set of data or information.

Scientific data are not the same as scientific evidence.

Overview/ Purpose/Assumptions:
Students will be able to identify sand, silt, and clay in a soil sample.
Students will be able to explain physical properties of the three soil components.
Students will be able to describe the makeup of healthy garden soil.
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Explain why two individuals may have the same procedures but have different conclusions.

Content Learning Outcomes:
Students will be able to explain and identify different components of soil.
NOSI Learning Outcomes:
This lesson will clearly demonstrate inquiry by allowing students to gather their own soil samples and identifying what is in
their samples. They will also experience the subjectiveness of science by comparing their group’s samples to other groups’ samples.
Lastly students will see how different conclusions ca be made even though students are going through the same procedures.
Science Practices Outcomes:
- Asking questions and defining problems in 6–8 builds on K–5 experiences and progresses to specifying relationships between variables, and
clarifying arguments and models.
-Planning and carrying out investigations in 6-8 builds on K-5 experiences and progresses to include investigations that use multiple variables
and provide evidence to support explanations or solutions.

Connections to Inquiry: (explain where and how in the lesson your NOS, NOSI, and science practices expected outcomes are
explicitly addressed.)
During the soil investigation I will introduce how questions guide our investigation.
During the soil sample gathering I will point out how different groups have types of samples even though we all have the same
guiding question.
During the discussion post soil investigation, I point out how groups have different conclusions detailing how subjectivity
played a role during the investigation.
•
•
•
•
•

Materials required:
Field notebooks
Gloves
Plastic cups
Hand shovels
Different soil samples: sand, silt, and clay

Section of

Time es-

Teacher Guide (what

Planned questions, activities, & assess-

Student guide (what are the students
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Lesson
Opening

timate
10 mins

15mins

is the teacher doing)
Ice Breaker

Discussion about soil
composition. Give students three buckets
without labels.

ments
doing)
I show a picture of a garden. Give stuStudents participate in ice breaker
dents the task of grouping the plants in
activity by telling me what they see.
the garden.
Ask different students how they came up
with their conclusion.
Discuss how the students had the same
procedure but they all have different
conclusions or ways of grouping the
plants in the garden.

Discuss how soil affects plant grow
I show pictures of different types of soil.
“Is all soil the same?” What makes soils
different?

Does soil affect plant growth? Explain
-Allow students to
make guesses of what
What soil is made up of?
Sand, silt, and clay.
they think and have
them write them on the
board.
Have students look and touch inside of
each bucket.
Discuss the different
physical properties of
Students try to figure out which bucket is

Students touch, smell, and look at
the different soil samples.

Students are figuring out what different properties make up soil.
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Body

40 mins

soil. Discuss how each
type is different (lots of
air and water can get
in between large sand
particles, not as much
air and water can get
through silt particles,
almost no air can water
get through clay particles).

silt, sand, and clay.

The entire class will
now go outside.

For your class today you and your group
will go outside to collect different soil
samples. Each group must collect at least 3
samples.

Have each group go
outside to collect soil
samples of their own.
Label the different soil
samples by location.
For example: by the
football field, under
pine trees, etc.

Explain that there are three types of soil:
sand (largest particles), silt (medium particles), and clay (smallest particles).

How might these three types of particles
settle in a jar when a soil sample is taken,
why?
Go outside.

Collect samples from various areas.
Label each sample.
NOSI: Pose the question will all groups
have the same soil samples? Why or why
not.

Come back inside with groups. Have
221
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20mins

Come back instead.
Have students examine
their soil samples.
Write descriptions
about each sample.

Each group is creating
a conclusions and explanations for their soil
samples.

Closing

15 mins

Lead students in discussion

groups begin looking over their samples.
Point out “Will all groups have the same
samples? Did all groups have the same
guiding question? Is it ok that we have different samples? [NOSI]
Explain to students how scientists and engineers can have the same guiding question
but use different approaches to achieve
their goals.

Now look at your soil using the data you
have collected what conclusions can you
make about your samples? [NOSI]

NOSI-Discuss subjectivity, each group of
students may have different soil samples,
I will choose one student and conclusions for what kind of soil they
from each group to pre- found.
sent one of their soil
samples.
NOSI - Discuss why some groups have
different conclusions but have similar data
Will discuss with stusources.
dents how different
groups had different soil Why is it important to know what kind of

Being examining soil samples. Will
write descriptions about each sample.

Students are looking over their samples and writing conclusions and explanations.

During discussion, students should
present their samples and conclusions.
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samples even though the
class had the same guiding question.

soil you are gardening in?
What type of soil is best for gardening?
Why?
How can you change the composition of
the soil?
What are somethings you can add to the
soil to make it better for gardening?

Extension
May begin to look up
Have students who finish early research,
activities
plants to plant in Ga in
what kind of plants grow in Ga in the fall.
(plans for
the fall.
early finishers)
Assessment plans
Exit Slip: Answer 3 questions about group dynamics.

Name of Lesson: Lesson 3 topic: How do we plant? Part 1
Resource:
Topic: Planting

Connections to NGSS:

MS-LS15.

Grade Level: 6th

Students work individually on the
ipads, while other students finish.

Prepared by:
Carmen Carrion
Date: February 2018
Total time estimate: 55

Construct a scientific explanation based on evidence for how environmental and genetic factors influence the growth of organisms. Clarification Statement: Examples of local environmental conditions could include availability of food, light, space, and water
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Overview/ Purpose/Assumptions:
During this lesson students will investigate how food, light, space, and water all affect plant growth.
Content Learning Outcomes:
Students will be able to identify what factors affect plant growth.
NOSI Learning Outcomes:
Students will also learn that the procedures may be given but not all group’s plant beds will look the same.
Explanations are developed from a combination of collected data and what is already known. Students learn to collect data over
time but will use currently known evidence to guide their planting.
Science Practices Outcomes:
Constructing explanations and designing solutions in 6–8 builds on K– 5 experiences and progresses to include constructing explanations and designing solutions supported by multiple sources of evidence consistent with scientific ideas, principles, and theories.
Construct an explanation that includes qualitative or quantitative relationships between variables that predict(s) and/or describe(s) phenomena.

Connections to Inquiry and NOS: (explain where and how in the lesson your NOS, NOSI, and science practices expected outcomes
are explicitly addressed.)
During the planting activity I will introduce data, evidence, observation, and inference.
•
•
•
•
•
•
•
•

Materials required:
plants
field notebooks
soil
gardening gloves
pots
tags for plants
mini shovel
ipads
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•
•
•
•
•
•
•
•

Safety Concerns:
Be respectful of classroom and classmates
Inside voices
Walking feet at all times
No horseplay
Goggles to be worn at all times during investigation
No eating, drinking or consuming any materials in lab, unless instructed otherwise.
Clean up; all materials should be back in Ms. Sureka’s room.
HAVE FUN!

Section of
Lesson
Opening

Time estimate
20 mins

Teacher Guide (what
is the teacher doing)
Ice Breaker

Planned questions, activities, & assessments
Show class a picture of a boy in a lake
with a goat and a broken branch also in
the picture.

Student guide (what are the students
doing)
Students participate in ice breaker
activity.

Show class a picture that can be seen in Learn difference between inference
two different ways.
and observation.

What do you observe? What do you infer?
Students are participating in discussion, sharing their ideas
Discuss observation
and inference here.
[NOSI} Observation is
what is observed or
measured or sensed
with the senses. Inference is an offered explanation for the observation. EX: You observe someone come
into class with soaking

NOSI: Pose the question of what is an observation? What is an inference?
Can you give me an example of each?
Should be written in field notebooks.
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wet clothes. You may
infer that it is raining
outside.
Pose the question of
what is an observation?
What is an inference?
Can you give me an
example of each? This
should be written in the
field notebooks.

Body

20min

Revisit what factors
affect plant growth.

What affects plant growth? What kind of
factors are these: living or nonliving?

Remind students the
plants they are planting
today are for learning
how to collect qualitative and quantitative
data.

Do all of these planting need to have the
same water, soil, and sunlight amount? Explain to me why. How does this relate to
control of variables?

I will be moving
through the class ob-

Students will work in groups.

“How do we know the plants need a certain Students sharing ideas. And giving
amount of sunlight and water? What EVIexamples of observations and inferDENCE do we have?
ences.
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serving the students
and asking questions as
they plant.

Remind the class what evidence is as I
walk around the classroom. [NOSI]

Clean up

Will return things to Ms. Sureka’s
classroom.
Help students put items
away

Closing

15 mins

Lead students in discussion

What is an observation?
What is an inference?

Class discussion
“What evidence do we have about what
resources these plants need?”
“What is evidence?” “Why is evidence important?” [NOSI]
What type of information did you use to
make your decisions? [what students knew
about the process]. Why didn’t everyone
do it the same way? [different experiences
and expectations]
How do scientists experiences and expecta227
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tions influence how they do science?
[make decisions based on what they know
and think is important....This is subjectivity]

Extension
Walking around the
Have students who finish early help with
activities
classroom, helping with clean up.
(plans for
planting
early finishers)
Assessment plans
Exit Slip: Students answer 3 group dynamic questions.

Students help with clean up.

Name of Lesson: Lesson 3 topic: How do we plant? Part 2
Resource:
Topic: Planting

Connections to NGSS:

MS-LS15.

Grade Level: 6th

Do everyday for data collection
Total time estimate: 55

Prepared by: Carmen
Carrion
Date: February 2018

Construct a scientific explanation based on evidence for how environmental and genetic factors influence the growth of organisms. Clarification Statement: Examples of local environmental conditions could include availability of food, light, space, and water

Overview/ Purpose/Assumptions:
During part 2 of this lesson students will investigate how food, light, space, and water all affect plant growth by collecting qualitative
and quantitative data about their plants and then analyzing and the interpreting the data into evidence. They will use their evidence to
make claims about how their plants grew.
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Content Learning Outcomes:
Students will be able to identify what factors affect plant growth by analyzing the data they collect at the end of the 40 days of plant
growth.
NOSI Learning Outcomes:
Scientific investigations all begin with a question and do not necessarily test a hypothesis.
Scientific data are not the same as scientific evidence.
All scientists performing the same procedure may not get the same results.
Research conclusions must be consistent with the data collected.
Explanations are developed from a combination of collected data and what is already known.
Science Practices Outcomes:
Analyzing data in 6–8 builds on K–5 experiences and progresses to extending quantitative analysis to investigations, distinguishing between correlation and causation, and basic statistical techniques of data and error analysis.
Construct an explanation that includes qualitative or quantitative relationships between variables that predict(s) and/or describe(s) phenomena.

Obtaining, evaluating, and communicating information and using this information to create explanations.
Connections to Inquiry and NOS: (explain where and how in the lesson your NOS, NOSI, and science practices expected outcomes
are explicitly addressed.)
During the data collection activity, I will emphasis the types of data collection: qualitative and quantitative. And the importance of
both types of data sources. I will further explain that the way we analyze and interpret our data creates evidence that supports our
guiding question.
Students will also learn that the procedures may be given but not all groups plant beds will look the same. And lastly conclusions are
based upon the data collected and how the data was analyzed and interpreted into evidence.
Materials required:
• plants
• field notebooks
• soil
• gardening gloves
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•
•
•
•

pots
tags for plants
mini shovel
ipads

•
•
•
•
•
•
•
•

Safety Concerns:
Be respectful of classroom and classmates
Inside voices
Walking feet at all times
No horseplay
Goggles to be worn at all times during investigation
No eating, drinking or consuming any materials in lab, unless instructed otherwise.
Clean up; all materials should be back in Ms. Sureka’s room.
HAVE FUN!

Section of
Lesson
Opening

Time estimate
15 mins

Teacher Guide (what
is the teacher doing)
Ice Breaker

Discuss with class how
same guiding question
can lead to different
methods or procedures
BUT then create similar conclusions.

Planned questions, activities, & assessments
Show a picture of a chocolate chip cookie.
NOSI: Pose the question how would you
make a chocolate chip cookie? What is
your method?
Is yours the same as your groupmates?
Discuss how we may have the same guiding question different methods but can still
come up with the same conclusions.

Student guide (what are the students
doing)
Students participate in ice breaker
activity.

Students are participating in discussion, sharing their ideas.
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Body

10min

Discuss types of data
collection.

Remind students the
plants that they planted
today are for learning
how to collect qualitative and quantitative
data.
I will be moving
through the class observing the students
and asking questions as
they plant.

20min

Show class a picture of different plants.
Students will work in groups.
What do you observe? What kind of data could you collect?

What is qualitative data? What is quantitative data?
Why are both types of data useful?

Students sharing ideas. And giving
examples of types of data.

“How do we know the plants are growing?
What kind of DATA can we collect?
Remind the class that data is NOT evidence yet. [NOSI]

While in Mrs. Taylor’s room remind students that they need to collect both quanti-

Students will be observing and col231
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tative ad qualitative data about their plants.

lecting data

Going to Mrs. Taylor’s
room to collect data.
Help students with data
collection.

Closing

15 mins

Lead students in discussion

What is an observation?
What is an inference?

Class discussion
“What data should we collect about our
plants?”
“Is our data evidence yet? What is evidence?” “Why is evidence important?”
[NOSI]
What type of information did you use to
make your decisions on what type of data
to collect? [what students knew about the
process]. Why didn’t everyone do it the
same way? [different experiences and expectations]
How do scientists’ and engineers’ experiences and expectations influence how they
do science? [make decisions based on what
they know and think is important....This is
subjectivity]
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Extension
Walking around the
Have students who finish early help with
activities
classroom, helping with clean up.
(plans for
data collection.
early finishers)
Assessment plans
Exit Slip: Answer 3 group dynamic questions.

Students help with clean up.

Name of Lesson: Lesson 4 What plants grow in GA?
Resource:
Topic: Investigating

Grade Level: 6th

Prepared by:
Carmen Carrion
Date: March 2018
Total time estimate: 100 minutes

Connections to NGSS:
MS-ETS1-1.

Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.

MS-ETS1-2.

Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.

MS-ETS1-3.

Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of
each that can be combined into a new solution to better meet the criteria for success.

MS-ETS1-4.

Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design
can be achieved.
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Overview/ Purpose/Assumptions:
During this lesson students investigate what types of plants can grow in Ga. These will be plants that students can purchase and
then plant in their garden plots. Students will see that not all plants can grow in Ga weather. Student will also use the information that
they gathered in lesson 2 “surveying the land” to help them investigate which plants will grow best in their garden plots..
Content Learning Outcomes:
Students will be able to identify plants to grow in their gardens.
NOSI Learning Outcomes:
Scientific investigations all begin with a question and do not necessarily test a hypothesis.
Inquiry procedures are guided by the question asked.
All scientists performing the same procedure may not get the same results.
Research conclusions must be consistent with the data collected.
Explanations are developed from a combination of collected data and what is already known.
Science Practices Outcomes:
Asking questions and defining problems.
Planning and carrying out investigations.
Obtaining, evaluating, and communicating information.
Constructing explanations.
Connections to Inquiry and NOSI: (explain where and how in the lesson your NOS, NOSI, and science practices expected outcomes
are explicitly addressed.)
Before students have ipads I will remind them what their guiding question is. I will ask students why it is important to know where
their garden plots are located before deciding what plants to plant.
Materials required:
• Field notebooks
• ipads
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Safety Concerns:
None
Section of
Lesson
Opening

Time estimate
15 mins

Teacher Guide (what
is the teacher doing)
Ice Break
Leading the students in
discussion

Body

Planned questions, activities, & assessments
Show students pictures of engineering master pieces ex, coliseum and large
fields and orchards of fruits an vegetables.

Student guide (what are the students
doing)
Students participate in ice breaker
activity.

“Do you think this was thrown together?”
“what had to be done”

Students are participating in discussion, sharing their ideas

Look back at your previous lesson, Lesson
2 Surveying the land. Use the data about
the group’s garden plot location and
knowledge about the soil to decide what
plants will grow best in your group’s plot.

Groups are looking at their previous
data to help them understand what
their garden plots’ climate will be in
March.

40 mins

Analyzing and Synthesizing Data

Justifying what plants
to grow in your garden

What data did you find from analyzing the
surveying land data?
How can you combine your soil data with
your surveying data? Synthesize your
group’s data.
What does this data tell you?

Now in your groups, research types of
plants that can be grown in your garden
plot using the data you have collected
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about soil and surveying the land.
What plants have you chosen?
Why have you chosen these plants?
What evidence supports why these plants
will grow in your group’s plot?

Ask groups about their
choices.
20min
Walking around and
seeing how students are
researching about
Have student write in field notebooks notes
plants.
about the area.

-Allow students to
make guesses of what
they think are the best
plants to grow and
have them write them
in their field notebooks.

Closing

25 mins

Lead students in discussion

What kind of plants can we plant in our
garden? Can we plant anything? Why or
why not? What are key words or phrases to
use when searching for plants to plant?

Have each group present their findings
from their exploration.
-This will be done on the white board via a
table for plants. Students will explain why

Have student answer prompts in
their field notebooks

One member from each group will
present their list of plants that will
grow well in Ga. Each plant chosen
must have an explanation why it was
chosen.

Students using ipads to investigate
plants to plant.

During discussion, students should
present on what plants to plant.
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they chose those plants
What was our guiding
question when investigating plants?
How do we know when
to plant? What evidence
do we have?

“What evidence do you have that supports
your plants will grow outside in Ga in the
spring?”
“What is evidence?” “Why is evidence important?” [NOSI]
“Why are explanations needed? What do
they show?” Explanations are developed
from a combination of collected data and
what is already known.[NOSI]

What type of information did you use to
make your decisions? [what students knew
about the process]. Why didn’t everyone
do it the same way? [different experiences
and expectations]
How do scientists experiences and expectations influence how they do science?
[make decisions based on what they know
and think is important....This is subjectivity. This allows for scientists and engineers
to perform investigations in different sequence and steps. We all have our own approach to tackle a problem.

Extension
activities

Walking around the
classroom, monitoring

Students work individually on the
ipads, while other students finish.
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(plans for
students researching on
early finthe ipads.
ishers)
Assessment plans
Exit Slip: Answer 3 group dynamic questions.

Name of Lesson: Lesson 5 How to Engineer a garden from recyclables? Part 1
Resource:
Topic: Engineering design

Grade Level: 6th

Total time estimate: 55 min

Prepared by:
Carmen Carrion
Date: February
1 class period

Connections to NGSS:
MS-ETS1-1. Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account
relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions.

MS- ETS1-4 Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that
an optimal design can be achieved. (Create a model that give the most effective and efficient solution.)

Georgia Standards of Excellence
S6CS1. Students will explore the importance of curiosity, honesty, openness, and skepticism in science and will exhibit these traits in their
own efforts to understand how the world works.
a. Understand the importance of—and keep—honest, clear, and accurate records in science. b. Understand that hypotheses are valuable if they
lead to fruitful investigations, even if the hypotheses turn out not to be completely accurate descriptions.
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S6CS5. Students will use the ideas of system, model, change, and scale in exploring scientific and technological matters.
a. Observe and explain how parts are related to other parts in systems such as weather systems, solar systems, and ocean systems including how the output from one part of a system (in the form of material, energy, or information) can become the input to other parts.
(For example: El Nino’s effect on weather)
S6CS9. Students will investigate the features of the process of scientific inquiry.
Students will apply the following to inquiry learning practices:
a. Scientific investigations are conducted for different reasons. They usually involve
collecting evidence, reasoning, devising hypotheses, and formulating explanations.
b. Scientists often collaborate to design research. To prevent bias, scientists conduct
independent studies of the same questions.
c. Accurate record keeping, data sharing, and replication of results are essential for
maintaining an investigator’s credibility with other scientists and society.
d. Scientists use technology and mathematics to enhance the process of scientific
inquiry.

Overview/ Purpose/Assumptions:
During this lesson student’s will create a design of what their recyclable garden will look like based on the constraints and materials they have to build with. Groups will have to work together to design an optimal garden for construction.
Content Learning Outcomes:
Students will be able to identify how constraints and limitations help engineers figure out how to design solutions.
NOSI Learning Outcomes:
Scientific investigations all begin with a question and do not necessarily test a hypothesis.
Inquiry procedures are guided by the question asked.
There is no single set or sequence of steps followed in all investigations.
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Science Practices Outcomes:
-

Plan an investigation individually and collaboratively, and in the design: identify independent and dependent variables and
controls, what tools are needed to do the gathering, how measurements will be recorded, and how many data are needed to
support a claim.

Asking questions and defining problems in grades 6–8 builds on grades K–5 experiences and progresses to specifying relationships between variables, and clarifying arguments and models.
Define a design problem that can be solved through the development of an object, tool, process or system and includes multiple criteria and constraints, including scientific knowledge that may limit possible solutions. (MS-ETS1-1)
Develop a model to generate data to test ideas about designed systems, including those representing inputs and outputs. (MS-ETS1-4)

Connections to Inquiry and NOS: (explain where and how in the lesson your NOSI, and science practices expected outcomes are
explicitly addressed.)This lesson will clearly demonstrate inquiry and allow the students to create their own gardens from recyclable
materials. By doing so I will demonstrate the subjective nature and the use of creativity within the investigation process, specially
design. Furthermore, I will explain how there is no single set or sequence of steps followed in all investigations. And lastly their design is guided by the question asked.
During the discussion I will remind students about the subjectivity of science as well as how creativity and imagination are
used throughout an investigation.
•
•

Materials required:
Butcher paper
Markers

•
•
•
•
•
•
•

Safety Concerns:
Be respectful of the outdoors and classmates
Inside voices
Walking feet at all times
No horseplay
No eating, drinking
All materials need to stay in Mrs. Taylor’s room
Clean up; all materials should be back in Mrs. Taylor’s room
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•

HAVE FUN!

Section of
Lesson
Opening

Time estimate
10 mins

Teacher Guide (what
is the teacher doing)
Show picture of different gardens

Planned questions, activities, & assessments
Show students picture of different gardens.
Explain to students the differences in the
gardens BUT remind students that the gardens all have the same purpose, to grow
plants!

Student guide (what are the students
doing)
Students participate in activity.

Students are participating in discussion, sharing their ideas

How do you design an engineering project?
What steps are involved? Why is it important to have these steps? Why is it important pilot a design?
Body

30min

Helping each group
design their gardens.

Ask students what is our guiding question?
How did your guiding question help you
decide what to build?

I will discuss modeling.
-What is a model and
how is it useful?
-Ask for and/or Give
examples of models

I want students to understand that they are
creating a small model with their recyclable gardens. Their materials that they have
dictates how they sketch their designs.

Students are sketching and designing
in their groups.
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Give students a list of
construction materials
made out of recyclables.

I will also ask the students about planning
and organizing,

Point out- many students have the same
guiding questions BUT
each group is making
different designs for
their gardens.

Closing

15 mins

From this list students can get an idea of
what limitations and constraints they may
have when sketching and designing.

Students are asking questions to each
other about their sketches.

Students need to realize that models and
investigations are not thrown together.
They take time and must be planned out.
(NGSS)

Have students discuss what their
guiding question is and how this
question influenced their planning
and design.

There is no single set or sequence of steps
followed in all investigations.
Inquiry procedures are guided by the
question asked.
All scientists performing the same procedure may not get the same results.
All scientists and engineers may have the
same guiding question but may use different methods or designs to answer their
guiding question. [NOSI]

Lead students in discussion

During discussion, students should
present on their recyclable gardens.
I will ask students to go around and view
each other’s work.

Will discuss how science
is creative and uses
imagination. Point out

Students are designing and sketching.

Remind students that each group may have
a different or similar guiding question.

Explaining to us why they designed
the garden in the manner that they
did, and what materials will they
use and why.
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to students to look at
their different gardens.

Discuss how the explanations of their designs/models are based
of evidence they have
researched.

Ask- how does this guiding question affect
how each group engineered their gardens.

Have students explain to me what evidence
did they use to justify why they are designing their garden in a certain way.

Extension
Can go collect data
Have students who finish early collect data
activities
about their plants.
on their groups plants.
(plans for
early finishers)
Assessment plans: Take exit slip- 3 questions about group dynamics.

Students can go collect data on
plants.

Name of Lesson: Lesson 5 How to Engineer a garden from recyclables? Part 2
Resource:
Topic: Engineering evaluation

Grade Level: 6th

Prepared by:
Carmen
Date: February

Total time estimate: 55min

Connections to NGSS:
MS-ETS1-1.- Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account
relevant scientific principles and potential impacts on people and the natural environment that may limit possible solutions. Students must be able
to explain what they are investigating and what limitations they are working with.
MS-ETS1-2.- Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the
problem. Students in groups must evaluate each other’s designs to decide if their design aligns with their design.
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Overview/ Purpose/Assumptions:
During this lesson students will be evaluating each groups sketched designs to decide if any revisions or changes should be made before construction. The class as a group will decide which design will be constructed.
Content Learning Outcomes:
Students will be able to evaluate and use evidence to defend their garden engineering designs.
NOSI Learning Outcomes:
Inquiry procedures are guided by the question asked.
All scientists performing the same procedure may not get the same results.
Inquiry procedures can influence results or design.
Science Practices Outcomes:
Planning and carrying out investigations.
Conduct an investigation and/or evaluate and/or revise the experimental design to produce data to serve as the basis for evidence that meet the goals of the investigation.
Constructing explanations and designing solutions in 6–8 builds on K– 5 experiences and progresses to include constructing
explanations and designing solutions supported by multiple sources of evidence consistent with scientific ideas, principles, and theories.
Undertake a design project, engaging in the design cycle, to construct and/or implement a solution that meets specific design
criteria and constraints.
Optimize performance of a design by prioritizing criteria, making tradeoffs, testing, revising, and retesting.
Evaluate competing design solutions based on jointly developed and agreed-upon design criteria.
Connections to Inquiry and NOSI: (explain where and how in the lesson your NOS, NOSI, and science practices expected
outcomes are explicitly addressed.)
During the engineering design activity I will discuss with students how to evaluate one another’s garden inquiry investigation
designs.
During the debrief students will learn that they need evidence to support their reasoning of why their designs look the way they
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do.

•
•
•
•
•

Materials required:
Butcher paper
Markers
Post-it notes
Safety Concerns:
Clean up; all materials should be back on tables, tables should be returned to their original spots, materials properly put away
in Mrs. Taylor’s room.
HAVE FUN!

Section of
Lesson
Opening

Time estimate
15 mins

Teacher Guide (what
is the teacher doing)
Ice Breaker:
Pose three questions to
students.

Planned questions, activities, & assessments

Student guide (what are the students
doing)
Students participate in ice breaker
Can groups have the same guiding question activity.
but create different procedures?
Can groups have the same guiding questions, same procedures and still come up
with a different design for their recyclable
garden?

Students are participating in discussion, sharing their ideas.

Why do we need to evaluate the designs
your groups sketched the previous class?
What does this evaluation do? Why is it
important?
Body

10 mins

Discuss how the guiding question is what
drives helps drive their
designs.

All investigations are driven by questioning.
“What is your groups guiding question?”

Students are looking over their
sketches.
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Point out that some of
may have different designs even though everyone has the same
guiding question.

After looking over designs:
I will ask “how can you evaluate your
groups design. Do think everything is perfect or is there room for improvement?”

Students evaluating designs. Using
evidence to explain which are better
designs.

“What EVIDENCE do you have?”
I will ask each group to look for evidence
to support their projects designs.

10 mins
Go over how class will
have a “silent critique”.
All students using postits will use leave a critique on each groups
garden design.

Closing

20 mins

Lead students in discussion

Students are walking around writing
I hand students post-its. They walk around on post its and leaving written crileaving critiques on post-its, which are then tiques on the garden designs.
placed on the various groups garden designs.

I explain to groups that they may make
changes to their design before the class

Students are making changes to their
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After the “silent critique” groups may make
any changes to their
designs.

I choose one person
from each group to explain the final design
that they chose and tell
us why they chose it.

votes.

designs by using the critiques made
by their classmates.

Students will be asked to explain their designs and tell me how they evaluated the
designs in their groups.

During discussion, students should
present on their garden engineering
design explaining with evidence and
reasoning why they designed the
garden with the materials they have
available.

I administer a class vote to help decide
which garden design the class will conThe entire class will vote struct.
on one final design.

Extension
Walking around the
Students may go collect data on the Wisactivities
classroom, assessing
consin fast plants.
(plans for
students finishing up
early findesigning.
ishers)
Assessment plans
Exit Slip: Answer 3 group dynamic questions.

Students will vote on which group
design the class will construct.

May use mini ipads to take data.

Name of Lesson: Lesson 5 How to Engineer a garden from recyclables? Part 3
Resource:
Topic: Engineering Construction

Grade Level: 6th

Prepared by:
Carmen
Date: February

Total time estimate: 150min
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Connections to NGSS:
MS-ETS1-1.

Define the criteria and constraints of a design problem with sufficient precision to ensure a successful solution, taking into account relevant
scientific principles and potential impacts on people and the natural environment that may limit possible solutions.

MS-ETS1-3.

Analyze data from tests to determine similarities and differences among several design solutions to identify the best characteristics of each that
can be combined into a new solution to better meet the criteria for success.

MS-ETS1-4.

Develop a model to generate data for iterative testing and modification of a proposed object, tool, or process such that an optimal design can be
achieved.

Overview/ Purpose/Assumptions:
During this lesson students will begin constructing the garden design that the class voted on.
Content Learning Outcomes:
Students will be able to evaluate and use evidence to defend the chosen class garden design.
NOSI Learning Outcomes:
Inquiry procedures are guided by the question asked.
Inquiry procedures can influence results.
Science Practices Outcomes:
Constructing explanations and designing solutions:
Apply scientific ideas or principles to design, construct, and/or test a design of an object, tool, process or system.
Undertake a design project, engaging in the design cycle, to construct and/or implement a solution that meets specific design criteria and constraints.
Optimize performance of a design by prioritizing criteria, making tradeoffs, testing, revising, and re- testing.
Engaging in argument from evidence
Evaluate competing design solutions based on jointly developed and agreed-upon design criteria.
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Connections to Inquiry and NOSI: (explain where and how in the lesson your NOS, NOSI, and science practices expected outcomes
are explicitly addressed.)
During the engineering design activity I will discuss how in the last class period we evaluated each groups’ garden engineering designs and as a class we have chosen one design to construct. During the debrief students will learn that they need evidence to support
their reasoning.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Materials required:
Wood
Screws
Nails
Power drill
Twine
String
Chicken wire
Plants
Soil
Gardening tools
Safety Concerns:
Be respectful when building
No using the power drill
Must ask permission to use tools
No horseplay
Goggles to be worn at all times during construction
No eating, drinking or consuming any materials during construction.
All building materials need to stay on tables, unless in use.
Clean up; all materials should be back on tables, tables should be returned to their original spots, materials properly put away
in Mrs. Taylor’s room.
HAVE FUN!

Section of
Lesson
Opening

Time estimate
10 mins

Teacher Guide (what
is the teacher doing)
Ice Breaker:

Planned questions, activities, & assessments
Have group whose design won the vote

Student guide (what are the
students doing)
Students participate in ice breaker
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Body

120 mins

Which group design
was voted to construct?
Discuss how the guiding question is what
drives their construction especially their
design.

present and explain the design to the class.

activity.

All investigations are driven by questioning.
“What is your groups guiding question?”
“What are your groups procedures?”

Discussing answers as a class.

“Is it ok for groups to have similar guiding
questions or procedures?

Go outside! Begin construction.
Go outside with class!

Assisting students in constructing the class
design.

Go over lab safety for
construction.
Students are building and constructing the class design.

Closing

20 mins

Back inside
Lead students in discussion
Explain how the class
had the same guiding
question, BUT each
groups created different

Back inside.

Back inside.

Students will be asked to explain how scientists and engineers can use different procedures and methods BUT still come up
with similar solutions. [NOSI]

Students are participating in discussion.

How does the guiding question relate to the
conclusions or solutions at the end of an
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designs, BUT how the
groups came together to
the same design.
Walking around the
classroom, assessing
students finishing up
construction.

investigation? [NOSI]

Extension
Students may go collect data on the Wisactivities
consin fast plants.
(plans for
early finishers)
Assessment plans
Exit Slip: Answer three group dynamic questions.

May use mini ipads to collect data.
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Appendix B: Lesson Worksheets

Below are the various worksheets that align with specific garden lessons. Each lesson does not necessarily have a corresponding worksheet. Throughout the intervention participating students were
asked to answer questions in their field notebooks rather than the student worksheets.
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Lesson 2.1 Surveying the land
Worksheet 2.1
Group #

Period #

Observation data:
How does the plot area look?

How does the ground feel?

How much sunlight, where, what part of day?

What else did you find?

What kind of pictures do you need to take and why?
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Lesson 2.2 Soil Composition
Soil Composition Worksheet 2.2 :
Group #

Period #

Please make observations of each soil sample. Remember to use your senses!
What is your guiding question?

OBSERVATIONS

Soil Sample 1:

Soil Sample 2:

Soil Sample 3
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Explain why these are your observations?

How do these observations relate to data?

How do these observations and data relate to the guiding question?

What claim can you make about each soil sample? What evidence supports your
claim?

255

256
Lesson 3.1 Soil Experiment Laboratory
Worksheet 3.1 Soil Experiment
Names:

Date:

Period:

Group #:

The guiding question is:

Hypothesis 1: IF……

Hypothesis 2: IF……

The Test:
What is your proposed procedure:

What data will you collect?
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How will you analyze it?

What is your Predicted result:
If Hypothesis 1 is true THEN….

If Hypothesis 2 is true THEN….

Place your ACTUAL COLLECTED DATA here:

Your ANALYSIS and INTREPREATION of the data here:
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The CLAIM you make is:

What EVIDENCE are you using:

Your JUSTIFICATION of the evidence:
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Lesson 3.2 Indoor Garden
3.2 Data Collection Worksheet

Group:

Date:

What is my guiding question?

What is your Hypothesis 1?

What is your Hypothesis 2?

Qualitative Data (Descriptions such as: color, shape, texture, categories, etc)

Plant A- 1)
2)

Plant B- 1)
2)

Plant C- 1)
2)

Plant D- 1)
2)
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Plant E- 1)
2)

Quantitative Data (Quantities or measurements such as: height, amount, length, etc)

Plant A- 1)
2)

Plant B- 1)
2)

Plant C- 1)
2)

Plant D- 1)
2)

Plant E- 1)
2)
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Lesson 5.1 Engineering Design
5.1 Planning your Design Worksheet

Each group will design a garden using recyclable materials. You may use the internet as a
resource.
Ask yourself and your group these questions as you design…..
What kind of design does your group want?

Think about what kind of constraints your group may have?

What kind of materials will you use?

Why is it important to first design your garden?

Why do we not start constructing right away?

Make sure to write a few sentences explaining your group’s garden design.

Lesson 5.2 Gallery Walk- Design Evaluation
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Lesson 5.2 Evaluation of Design Worksheet
One member from each group must present and explain their design.
The class will then participate in a silent gallery walk. As you walk around use a post-it to
leave one positive comment and one critical comment on each group’s design.
Questions to ask yourself as you are evaluating other groups as well as your own group’s design.
Why is this design the best?

What makes one design better than another design?

Why should the class have a first choice and a second choice?

After the gallery walk groups may look at their feedback from other groups and may make
changes to their group’s design.

5.3 Engineering and Construction
5.3 Construction of the Design Worksheet

The class will vote on one design before construction begins.
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Ask yourself as you construct…
Did the chosen design work?

Is the class able to construct the garden?

Does the class need to rethink the design? If so why? What went wrong?

Do you think engineers have to try out several designs before choosing one that works best?

Conclusion: Once all parts of the garden are constructed, sit on the class picnic tables. A group discussion will begin about engineering design. Ask yourself why are designing, explaining, and evaluating crucial for good scientific practices?
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Appendix C: Views about Scientific Inquiry Instrument

The following questions are asking for your views related to science and scientific investigations.
There are no right or wrong answers.
Please answer each of the following questions. You can use all the space provided to answer a
question and continue on the back of the pages if necessary.

1. A person interested in birds looked at hundreds of different types of birds who eat different types of food. He noticed that birds who eat similar types of food, tended to have similar shaped
beaks. For example, birds that eat hard-shelled nuts have short, strong beaks, and birds who eat insects have long, slim beaks. He wondered if the shape of a bird’s beak was related to the type of
food the bird eats and he began to collect data to answer that question. He concluded that there is a
relationship between beak shape and the type of food birds eat.

a. Do you consider this person’s investigation to be scientific? Please explain why or
why not.

b. Do you consider this person's investigation to be an experiment? Please explain why
or why not.

c.

Do you think that scientific investigations can follow more than one method?

If no, please explain why there is only one way to conduct a scientific investigation.
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If yes, please describe two investigations that follow different methods, and explain how
the methods differ and how they can still be considered scientific.
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2. Two students are asked if scientific investigations must always begin with a scientific question.
One of the students says “yes” while the other says “no”. Whom do you agree with and why?

3. (a) If several scientists ask the same question and follow the same procedures to collect data,
will they necessarily come to the same conclusions? Explain why or why not.

(b) If several scientists ask the same question and follow different procedures to collect data,
will they necessarily come to the same conclusions? Explain why or why not.
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4. Please explain if “data” and “evidence” are different from one another.

5. Two teams of scientists are walking to their lab one day and they saw a car pulled over with a
flat tire. They all wondered, “Are certain brands of tires more likely to get a flat?”
Team A went back to the lab and tested various tires’ performance on one type of road surfaces.
Team B went back to the lab and tested one tire brand on three types of road surfaces.

Explain why one team’s procedure is better than the other one.
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6. The data table below shows the relationship between plant growth in a week and the number of
minutes of light received each day.
Given this data, explain which one of the following conclusions you agree with and why.
Please circle one:
a. Plants grow taller with more sunlight
b. Plants grow taller with less sunlight
c. The growth of plants is unrelated to sunlight
Please explain your choice of a, b, or c below:

Minutes of light each day
0

Plant growth-height (cm per
week)
25

5

20

10

15

15

5

20

10

25

0
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7. The fossilized bones of a dinosaur have been found by a group of scientists. Two different arrangements for the skeleton are developed as shown below.

Figure 1

Figure 2

a. Describe at least two reasons why you think most of the scientists agree that the animal in figure 1 had the best sorting and positioning of the bones?

b. Thinking about your answer to the question above, what types of information do scientists use to explain their conclusions?
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8. (a) Models are widely used in science. What is a scientific model? Describe and give an example.

A scientific model is….

Give an example of a scientific model:

(b). How do scientists use scientific models?

Appendix D: Project 2061 Inquiry Practices Assessment Tool
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1. A student wants to find out if a particular kind of plant grows better in the sun or in the shade. She
has two identical plants. She places one plant in sand and sets the plant in the sunlight. She adds minerals and water to the sand.

Sunlight

Water and minerals
Which of the following conditions should she use for the second plant to determine the effect of
light?
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A. Sunlight

B. Sunlight

Water and minerals
Water

C. Shade

D. Shade

Water
Water and minerals
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2. A farmer thinks that type of soil and amount of water affect the growth of his carrot plants, and he
wants to find out if he is right.
The farmer first tests if the type of soil affects the growth of the carrot plants. He uses three different
types of soil, and he places 10 carrot plants in each type of soil. He uses the same amount of water for
all the plants.
Why is it important to use the same amount of water for all the plants?
A. By using the same amount of water, the farmer can learn about both the effect of the amount
of water and the effect of the type of soil.
B. By using the same amount of water, the farmer can learn about the effect of the amount of
water.
C. If he does not use the same amount of water, the farmer cannot learn about the effect of the
type of soil.
D. It is NOT important to use the same amount of water because the farmer is not testing the
effect of the amount of water.
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3. A student is interested in the behavior of fish. He has 4 fish bowls and 20 goldfish. He puts 8 fish in
the first bowl, 6 fish in the second bowl, 4 fish in the third bowl and 2 fish in the fourth bowl. He places each fish bowl under light, he keeps the temperature at 75°F for all four bowls, and he observes
the behavior of the fish.

What can the student find out from doing just this experiment?
A. If the number of fish in the fish bowl affects the behavior of the fish.
B. If the temperature of the fish bowl affects the behavior of the fish.
C. If the temperature of the fish bowl and the amount of light affect the behavior of the fish.
D. If the number of fish, the temperature, and the amount of light affect the behavior of the fish.
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4. Students are planning to grow plants from seeds. They want to find out which of two temperatures,
60°F or 90°F, is better for growing these plants. They also want to find out if one cup of water or
two cups of water is better for growing these plants.
They do the following experiment. They use two trays with identical soil and they plant ten seeds in
each tray. They keep Tray X at 90°F and Tray Y at 60°F. They use two cups of water for Tray X
and one cup of water for Tray Y. After a few days, they count how many plants are growing in each
tray.

What can the students conclude from this experiment?
A. They can conclude that 60°F is better than 90°F for growing these plants.
B. They can conclude that one cup of water is better than two cups of water for growing these
plants.
C. They can conclude that 60°F is better than 90°F for growing these plants and that one cup of
water is better than two cups of water for growing these plants.
D. It is not possible to conclude from this experiment if 60°F is better than 90°F for growing
these plants or if one cup of water is better than two cups of water for growing these plants.
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5. A farmer wants to find out which type of soil is best for growing his corn. He also wants to find out
which type of fertilizer is best for growing his corn.
He does the following experiment using two different types of soil and two different types of fertilizer:

What can the farmer conclude from this experiment?
A. He can conclude that Soil B is the best soil for growing his corn.
B. He can conclude that Fertilizer Y is the best fertilizer for growing his corn.
C. He can conclude that Soil B is the best soil for growing his corn and that Fertilizer Y is the
best fertilizer for growing his corn.
D. It is NOT possible to conclude from this experiment which soil is best for growing his corn or
which fertilizer is best for growing his corn.

6. Which of the following statements about models is TRUE?
A. Making models look more like the objects they represent always makes
them better models.
B. The main difference between a model and the object it represents is that
the model is a different size.
C. Models sometimes look quite different from the objects they represent.
D. Models must be made of the same material as the objects they represent.
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7. An engineer made a model of a ship to help him think about how it works. He made sure that
some characteristics of the ship were accurately represented, but he did not include all of the
ship's characteristics in his model. Is it okay that he ignored some of the ship’s characteristics?
A. It is okay, but only if he represented the characteristics that affect how the ship works,
because models need to include the characteristics that are relevant to what is being
studied.
B. It is okay, but only if he represented the characteristics that affected whether the model
looks like the ship, because models should look like the things that they represent.
C. It is okay, but only if he represented the characteristics that people would be interested
in knowing about, because models are only used to communicate information to others.
D. It is not okay that he ignored some of the ship's characteristics. A model should be like
the object it is representing in every way possible.

8. Which of the following could be represented with a model?
A. An object, but not an event or process
B. An event or process, but not an object
C. An object, event, or process
D. Neither an object, event, nor process

Answer key for the selected items
Question
#

Item ID
Number

Correct
Answer

1

CV002003

C

2

CV014003

C

3

CV017002

A

4

CV020003

D
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5

CV021003

D

6

M

C

O025003
7

M

A

O038004
8

M

C

O079001
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Appendix E: Observation Worksheets

All lessons were observed and the research was evaluated using this, Inquiry Analysis Tool
(modified)(Volkmann & Abell, 2003). There are, a total of ten fidelity sheets filled out as the
researcher taught all five garden inquiry lessons. Scanned copies of the fidelity sheets are below.
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Appendix F: Field Notes

Field notes were taken everyday lessons were taught. Field notes were taken to allow the research to make notes as lessons were going on. These notes informed the researcher of any
changes that occurred during the lesson or future changes that could be made to future lessons.
Field notes were hand written in a field notebook. Field notes were not transcribed into a digital
form however the original field notebook may be produced if an individual asks to see the notes.
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Appendix G: Student results to the VASI graphed

Figure 22. Percentage of treatment group students pretests versus posttests for each response
category for NOSI aspect Multiple Methods.
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Figure 23. Percentage of comparison group versus treatment group students’ posttests for each
response category for NOSI aspect Multiple Methods.
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Figure 24. Percentage of treatment group students pretests versus posttests for each response
category for NOSI scientific investigations all begin with a question but do not necessarily test a
hypothesis.
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Figure 25. Percentage of comparison group versus treatment group students’ posttests for each
response category for NOSI aspect scientific investigations all begin with a question but do not
necessarily test a hypothesis.
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Figure 26. Percentage of treatment group students’ pretests versus posttests for each response
category for NOSI aspect same procedure may not get the same results
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Figure 27. Percentage of comparison group versus treatment group students’ posttests for each
response category for NOSI aspect same procedure may not get the same results.
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Figure 28. Percentage of treatment group students’ pretests versus posttests for each response
category for NOSI aspect procedures influence results.
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Figure 29. Percentage of comparison group versus treatment group students’ posttests for each
response category for NOSI aspect procedures influence results
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Figure 30. Percentage of treatment group students’ pretests versus posttests for each response
category for NOSI aspect data are not the same as evidence
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Figure 31. Percentage of comparison group versus treatment group students’ posttests for each
response category for NOSI aspect data are not the same as evidence
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Figure 32. Percentage of treatment group students’ pretests versus posttests for each response
category for NOSI aspect procedures are guided by the question asked.
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Figure 33. Percentage of comparison group versus treatment group students’ posttests for each
response category for NOSI aspect procedures are guided by the question asked.
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Figure 34. Percentage of treatment group students’ pretests versus posttests for each response
category for NOSI aspect conclusions consistent with data collected.
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Figure 35. Percentage of comparison group versus treatment group students’ posttests for each
response category for NOSI aspect conclusions consistent with data collected.
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Figure 36. Percentage of treatment group students’ pretests versus posttests for each response
category for NOSI aspect explanations are developed from data and what is already known.
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Figure 37. Percentage of comparison group versus treatment group students’ posttests for each
response category for NOSI aspect explanations are developed from data and what is already
known.
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Figure 38. Percentage of treatment group students’ pretests versus posttests for each response
category for NOSI aspect explanations and models are developed from data and what is already
known.
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Figure 39. Percentage of comparison group versus treatment group students’ posttests for each
response category for NOSI aspect explanations and models are developed from data and what
is already known.
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Table 15. Frequency of Treatment Group Students Categorized as Holding Naive, Mixed, and
Informed Views across Eight Aspects of SI.

Aspects of Scientific Inquiry
1. Scientific investigations all begin
with a question but
do not necessarily
test a hypothesis.

VASI
Item #
2

2. There is no single
set and sequence of
steps followed in all
scientific investigations (i.e., there is
no single scientific
method)
3. Inquiry procedures are guided by
the question asked;
questions drive the
process
4. All scientists performing the same
procedures may not
get the same conclusions
5. Inquiry procedures can influence
the conclusions
6. Research conclusions must be consistent with the data
collected
7. Scientific data
are not the same as
scientific evidence
8. Explanations and
models are developed from a combination of collected
data and what is
already known
8. Explanations and
models are devel-

Naive
T Pre
T Post

Mixed
T Pre
T Post

Informed
T Pre
T Post

Missing
T Pre T Post

9

8

30

23

10

16

2

4

1a, 1b,
1c

30

18

18

19

2

10

1

4

5

24

9

19

25

6

13

2

4

3a

34

22

10

14

6

11

1

4

3b

16

13

24

25

9

9

2

4

6

15

13

10

7

25

37

1

4

4

32

15

13

15

5

17

1

4

7a, 7b

26

22

15

19

9

47

1

4

8a, 8b

37

16

10

25

2

6

2

4
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321
oped from a combination of collected
data and what is
already known

Table 16. Frequency of Treatment Group Students Posttests and Comparison Group Students
Posttests Categorized as Holding Naive, Mixed, and Informed Views across Eight Aspects of SI.

Aspects of Scientific
inquiry
1. Scientific investigations all begin with a
question but do not necessarily test a hypothesis.
2. There is no single set
and sequence of steps
followed in all scientific
investigations (i.e., there
is no single scientific
method)
3. Inquiry procedures
are guided by the question asked; questions
drive the process
4. All scientists performing the same procedures
may not get the same
conclusions
5. Inquiry procedures
can influence the conclusions
6. Research conclusions
must be consistent with
the data collected
7. Scientific data are not
the same as scientific
evidence
8. Explanations and
models are developed
from a combination of
collected data and what
is already known
8. Explanations and
models are developed

VASI Item #

Naive
TP
CP

Mixed
TP
CP

Informed
TP
CP

Missing
TP
CP

2

8

20

23

4

16

2

4

0

1a, 1b, 1c

18

17

19

8

10

1

4

0

5

9

14

25

9

13

2

4

0

3a

22

18

14

4

11

4

4

0

3b

13

12

25

10

9

1

4

3

6

3

6

7

7

37

13

4

0

4

15

15

15

8

17

13

4

0

7a, 7b

22

17

19

8

6

0

4

1

8a, 8b

16

14

25

11

6

0

4

1
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from a combination of
collected data and what
is already known

322

323
Appendix H: Student responses to the VASI
Examples of Comparison Group Students’ Post Answers Representing Naive, Mixed, and Informed Views in the VASI Questionnaire.

Table 17. Examples of Treatment Group Students’ Pre-Intervention Answers Representing Naive, Mixed, and Informed Views in the VASI Questionnaire.

SI Aspect

VASI
Question

Naive

There is no
single set and
sequence of
steps followed
in all scientific
investigations
(i.e., there is no
single scientific
method)

1a, 1b, 1c

“Yes, because he had a guess that maybe the shape of the bird's beak was
related to the type of food.
Yes, because anything can be an experiment if there is a data to collect or
something to test.
Yes, one investigation is fossils, one
person digs up the fossils and the other
analyses it and puts it together.”
“Yes, because the person is trying to
figure out the physical composure of a
bird's beak.
Yes because he has to see different birds
that have the same beak to see if they eat
the same thing.
No, because you have to follow the
scientific method. You need to find the
problem, make a hypothesis, make a
prototype, then experiment, after that
you need to collect data, and share your
data.”

Scientific investigations all
begin with a
question but do
not necessarily
test a hypothesis.

2

All scientists
performing the
same procedures may not
get the same
conclusions

3a

Inquiry procedures can influence the
conclusions

3b

“No, because not all investigations start
with a question.”
“I think yes because to me a scientific
method can’t start without a random
idea.”

“I think no because one person can do
something wrong while the others can
have correct answers/conclusions.”
“No because one of them can make a
mistake and do the wrong things.”

“Yes, they will get the same data.”
“No, because if one step gets messed up
it’s going to end up impacting the whole
project.”

Mixed

Informed

“Yes, because he finds information.
No because the man was observing the
birds not testing them. Yes, there are
other ways because people do the same
projects but using different methods.”

“Yes, because scientists study nature.
No because experiments are things that
can be tested.
Yes, two ways to experiment and to
observe and record the results of both.”

“Yes, if you’re collecting data that is
scientific.
No because he is not testing anything.
Yes, you can figure out different ways to
do the same thing.”

“Yes, I do consider this investigation to
be scientific. I think because a short and
hard beak can crack nut and shells.
Long beaked are for picking up insects.
No, I don't consider this an experiment
because they aren't testing anything.
Two investigations that follow different
methods is when someone tests something to see if it’s right or if someone
observes something.”

“Yes, because the only way the investigation can be created is by asking a
question.”

“I agree with the student that said yes
because you need to know the problem
that you are trying to solve or experiment.”

“Yes, it always starts with a question.”
“Yes, because the question is basically a
topic. If there is no question you won't
know what to gather info on.”
“No, because they can come up with
different conclusions because one person could be more scientific than the
others in the group.”

“They'll be different because not every
person thinks the same all the time.”
“No, because they don't all think the
same way.”

“No, they will not come up with the
same conclusion. But if they did everything similar their data should be similar.”
“No, because there is more than one
way to solve a problem so there could be
different results.”
“No, because they do different things
and get something different.”

“They will not. They will probably come
up with solutions that are almost the
same. Like scientists all ask how to cure
cancer but they use different steps.”
“No, because their method of doing
things can be different. Which will make
their conclusion different.”
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Scientific data
are not the
same as scientific evidence

Inquiry procedures are guided by the question asked,
questions drive
the process

Research conclusions must
be consistent
with the data
collected

Explanations
and models are
developed from
a combination
of collected
data and what
is already
known

Explanations
and models are
developed from
a combination
of collected
data and what
is already
known

4

“No, because they both mean the same
thing.”
“Yes, they are the same because data
and evidence is information about a
topic.”

5

“Team B because tests how a tire would
react to a different surfaces of road.”
“Team B is better because you would
want to buy a tire that can go on various
types of roads because some people like
to travel and there might be different
types of roads.”

6

7a, 7b

“Data and evidence are not the same
because data is like your information
and evidence is the proof.”

“Data and evidence are not the same
because data is like your information
and evidence is the proof.”

“Data is a set of information that is
gathered. Evidence is information used
to prove something.”

“Team A because most roads are the
same and you need to see which tire is
the best so most likely you need to find
what tire is the strongest not what road
is the smoothest.”

“Team A because their procedures go
with the question they are trying to
figure out.

“Team A is the best because the road is
just one surface it doesn’t have lots of
surface in it so when they test many tires
they find the one that adapts to that
surface.”

“Team A is better because the question
asked about tires. And the question is
dealing with tires not different roads.”

“A because it is getting left out in the
sun.”

“B, I agree because the plant grow
tall.”

“B, the graph says with 0 light the plant
grew 25cm.”

“A ’because with less sunlight can't
grow as tall.”

“C, because it is not compatible with
answers A or B because 10min =15cm,
15min=5cm, 20min= 10cm. It doesn’t
grow related to amount of sunlight.”

“B, because the plant grew
25cm with no sunlight on the chart.”

“Yes, because it can take big steps and it
also is not going to fall over. Because
they can run faster and take big steps.”

“Figure 1 is correct because it has big
legs to holds its weight; while, in Figure
2 it has small legs. They use information
of how other figures look like, so they
could apply it to the figure.”

“The dino(saur) would be able to move
around easily because it has big legs
compared to Figure 2. It would be hard
for it to catch food so it would die quickly. They can use some research from
other scientists and they can also look at
animals that are alive today and look
similar.”

“I think scientists agree because it
makes sense. The big bones on bottom
and small bones on top. I think scientist
can use tapes or making hypothesis or
use the internet.”

8

“Yes, because evidence is to prove
something. Data is the recordings or
results.”

“A way or example of something that
scientist are studying. Scientists use
scientific models to classify and study
specimens or objects. A globe is a model
of the earth.”
“Basically like a 3D version of their
thinking. They use it to experiment and
basically show case their ideas. A bridge
made of popsicle sticks.”

“Figure 1 looks like a T-Rex. Figure 2
will look like an overgrown amphibian
or iguana. Looks and shape and information from the past.”

“A scientific model helps you understand what you are working on. To see
how something works. using candy as
different types of soil layers.”
“Something that represents the procedure of your scientific process. To show
what the outcome of experiment is. A
model of bridge.”

“One reason is that the dinosaur will
have a longer stride. Another is that if it
was really Figure 2 it would fall over.
Scientists can classify this dinosaur
because of its shape and size of its
bones.”
“A systematic description of an object
or phenomenon that shared important
characteristics with the object. Scientists
use models to basically mirror what
their experiment is. A solar system model.”
“A model/picture or figure of what the
scientist is going to design. Most the
time when they are doing an engineering
and design project. A blueprint.”
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Table 18. Examples of Treatment Group Students’ Post-Intervention Answers Representing Naive, Mixed, and Informed Views in the VASI Questionnaire.

SI Aspect

VASI
Question

Naive

Mixed

Informed

There is no
single set and
sequence of
steps followed
in all scientific
investigations
(i.e., there is no
single scientific
method)

1a, 1b, 1c

“Yes, because he collected data and
made a hypothesis and asked questions
about the data he collected.
Yes, it is an experiment because as said
he collected data, made a hypothesis,
and then he asked questions about the
data.
Yes, it can because people could make
up their own ways to collect and analyze
data.”

“This person's investigation is scientific.
He is studying animals and investigating
how birds are similar and different to
other kinds. No because he is not testing
anything. He is not looking/investigating
how similar and different and other
kinds of birds. Yes, because to investigate you need to examine all of the
details. You can observe all the details
and information by writing down data.”

“Yes, because he observed the birds just
using his 5 senses. Observation uses the
five senses for scientific investigations.
This is not an experiment because this
person isn't testing anything.
Two investigations are observations and
experiments. Observation means to
observe, but experiment means to test it
out.”

“Yes, because he got data from the
birds. And he tested their beaks and feet.
Yes, because he first tested out his first
plan but then it probably didn't work so
then he got data about the beaks.
Yes, because one method is he can test
their beaks and two the way they eat.”

“Yes, because he described the qualitative data of different kind of birds.
No, because he wasn't testing anything.
He was making an observation.
Yes, on my science fair project I experimented which juice helps plants grow
faster, apple or orange. I used different
juices and orange grew faster.”

“Yes, because if there wasn't a scientific
question, why would we do a scientific
investigation.”

“Yes, because the scientific question will
lead you off.”

Scientific investigations all
begin with a
question but do
not necessarily
test a hypothesis.

2

All scientists
performing the
same procedures may not
get the same
conclusions

3a

Inquiry procedures can influence the
conclusions

3b

Scientific data
are not the
same as scientific evidence

“No not always because someone could
be making a scientific observation investigation.”
“Yes, because they will have the same
answer to the questions.”
“No, they might have different data or
take different measurements.”

“No, because someone is doing a different procedure.”
“No, because they are using different
procedures. One person might add more
of one material to their experiment than
another person.”

4

“They are different because data is what
you did and you graph it, evidence is the
details.”
“Data is when you collect stuff like if
you’re doing a project. Evidence is stuff
you find to solve a case.”

“Yes, because if there is no question
being asked there is nothing to prove out
data or to look up.”

“No, because people can do the same
procedure and come up with different
conclusions and answers.”
“No, scientists will get different conclusions and will not have the same answer
even though they did the same things.”
“Yes and no, because even though they
followed different procedures they can
still come up with the same conclusions.
But they might not.”
“They will not come to the same conclusions because scientist follow their own
procedures.”
“Data are facts you collect. Evidence
comes from the data.”
“Yes, data is collected facts. Evidence is
facts based on data.”

“Yes, because he has a question, he
finds data, and the data he collects
answers his question. No, he did not test
anything.
Yes, you can do experiments or observations.”

“Yes, because with a guiding question
you will know how to start off your
investigation.”
“Yes, you need a question because you
need a reason for your investigation.
Can't be out of the blue. The question
guides what you’re doing.”
“I cannot say for sure because some
may have the same conclusions while
others might have different conclusions
because we think differently.”
“They might but not always. They might
think differently.”
“They can. For example with Ms. Carrion we were trying to find which soil
absorbs the most water. All the groups
had the same question but different
procedures, but we got the same conclusions.”
“They can get the same conclusions still.
It is like math, 2+2=4 or 3+1=4”
“They are different because evidence is
data that is analyzed/interpreted and
that is true. The data is information that
can be true or not true, but people can
do experiments to see if they’re correct
on their response.”
“Data is information that you collected
from your experiment. Evidence is analyzed and interpreted data from your
experiment.”

Inquiry proce-

5

“Team B is better because they will get

“Team A is better because that one road

“Team A, their procedures were the best
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dures are guided by the question asked,
questions drive
the process

a better answer.”
“Team B has better procedures because
roads aren’t all one texture.”

surface could be the main road that tires
usually become flat on.”
“Team A, because they test the tires on
one type of road surfaces.”

because their guiding question wasn't
‘Do certain types of roads make tires
more flat’? Team B did not follow the
guiding question.”
“Team A is better because the question
is on the brand of tires, and they tested
different brands on one road. If it asked
types of roads it would be B.”

Research conclusions must
be consistent
with the data
collected

6

“A, because to plants the sun is food and
with more food they grow fast and
healthy because the sun is the energy
source.”
“A, because a plant grows healthier and
taller with more sunlight.”

Explanations
and models are
developed from
a combination
of collected
data and what
is already
known

7a, 7b

“Usually dinosaurs have small arms
because that’s basic information, and in
Figure 2 the dinosaurs feet don't reach
the ground. The particular dinosaur
looks like a T-rex, and a T-Rex has small
arms and huge legs and so does Figure
1.”
“Figure 1 makes more sense because
when you look up pictures of dino(saur)s, you don't see the bigger part
in the front. Plus, it would be harder for
it to walk. Scientists use their resources
like the internet.”

Explanations
and models are
developed from
a combination
of collected
data and what
is already
known

8

“A scientific model is a model. They
study and ask questions and the procedure. An animal cell or plant cell.”
“Something that was an experiment.
They use it before they do their question.
My scientific model we made was our
garden drawing.”

“C, because the tallest plant grew with
no sunlight therefore it is unrelated.”
“B, that is because the more sunlight
they have the less time they have to use
before sunlight to help grow. Because of
more sunlight it could dry up the plant.”

“B, because in the chart 25min of sunlight results in no growth at all, but 0
min of light resulted in the highest
growth.”
“B, in the table, the less lights the taller
the plants.”

“Reason 1- the second figure would not
be able to hold itself up because arms
are the legs. Reason 2 - the first figure
looks more like a dinosaur than Figure
2. The way the model looks in Figure 2
can tell the scientists that its wrong.”

“Figure 1 has the best sorting over
Figure 2 because the small hands are
the legs it would not be balanced. Scientists use data and evidence because
looking at our body the bigger part is at
the bottom of our body.”

“I think because Figure 1 looks like it
was never hunched over so it looks
healthy. Then the legs are not bent and
pointed left or right like in Figure 2.
They can use research, and they can
experiment with small types of dinosaurs
like lizards and small dragons.”

“No dinosaur has short legs and big
arms, but they do have small arms and
big legs OR both arms and legs are the
same size. They can use data from the
people before us.”

“A model helps scientists gather data.
To conduct an experiment, make a hypothesis, gather information from it, ask
a question, observe and record results.
Our indoor small plants.”

“A 3 or 2D figure used to show or explain something. Scientists use models to
show or explain something or to show
how something will look like or be. A
soil layer model. “

“A model that describes something
dealing with science. They create the
model to understand what they are
working on more. solar system model
project.”

“Something that shows an event, object,
or process. They make models of objects
and use observations or experiments to
collect data from the model. Water cycle
diagram.”

Table 19. Examples of Comparison Group Students’ Post Answers Representing Naive, Mixed,
and Informed Views in the VASI Questionnaire.

SI Aspect

VASI
Question

Naive

Mixed

Informed

There is no
single set and
sequence of
steps followed
in all scientific
investigations
(i.e., there is no
single scientific
method)

1a, 1b, 1c

“Yes, I say this this investigation talks
about the similarities and difference
between the birds and what they eat.
Yes, I consider this investigation to be
an experiment because you can see what
happens if a bird with a shirt beak eats
soft shelled nuts instead of hard shelled.
Yes, two methods can be if birds can soft
or hard shelled.”

“Yes, because you observed and made a
hypothesis. Also they used the scientific
method.
No, because you are not testing anything. You are observing. No because all
you can so is observe and investigate.
You can't run tests or anything else.”

“Yes, and I think this is scientific because it explains how similar and different they are, and slim beaks don't have
to be strong to eat insects, but strong
small beaks have to be strong to eat
shells.
No because you're not really testing the
bird or trying scientific things on it.
You're just investigating it.
Yes, because you have a method in
which you look at it and follow but then
you also can take the bird with you and

“Yes, because he made a hypothesis.
Yes, because he used different types of

“Yes, because this person has to go
through the scientific method to answer.
Yes, this is an experiment because the
investigation can be proven wrong.
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Scientific investigations all
begin with a
question but do
not necessarily
test a hypothesis.

2

All scientists
performing the
same procedures may not
get the same
conclusions

3a

Inquiry procedures can influence the
conclusions

birds that eat the same types of foods
and tested them to see their beaks.
One investigation that follows a different
method is replicate another one is to
change an independent variable.”

Yes, it can because you can perform the
experiment and observe for this investigation.”

experiment on it.”

“I agree with the student that says "no".
Because any random question can be
answered with the scientific method for
example: do birds' beaks look similar to
the type of food they eat.”

“Yes because you have to know what
you’re asking.”

“I would agree with the student that
says yes because if there's no question
you don't know what you're searching
for.”

“I agree with the first student because a
scientific question is the base of an
experiment.”
“Yes because there is no difference in
what they did.”
“They will come to the same conclusions
because they did the same procedures
and the same questions.”

3b

“They will most likely not come to the
same conclusion, but one of them can
always miscalculate.”
“No because they have different procedures.”

Scientific data
are not the
same as scientific evidence

4

“Data is to analyze. Evidence is to think
of the answer.”
“Data is something you know, evidence
is how you know.”

Inquiry procedures are guided by the question asked,
questions drive
the process

5

Research conclusions must
be consistent
with the data
collected

6

“Team B because their test tires on
different surfaces. But truly I say neither
is better they are the same in different
ways.”
“Team B, because when you test more
subjects you are closer to getting to an
answer.”
“A, sunlight is energy and soil.”

“I agree with the student who says "yes"
because you always ask questions when
you do an investigation. Start with an
hypothesis.”

“This would be natural, sometimes if
both scientist think the same thing they
would usually come up with the same
answer but not always.”
“Not necessarily, they might because
they are doing the same process. Then
again, they may do the same process,
but come up with different conclusions.”
“They will not because different procedures will come to different solutions.”
“Yes because you can get a solution
more than one way.”

“Yes because he is talking about life
science and the way they eat. No because all he has to do is watch different
birds.
Yes because they can experiment or
investigate. They could watch the birds
or they can experiment on them.”

“I agree with the one who says yes
because in scientific investigations you
always need a question so you can investigate and find the answer.”
“No, because everyone does the same
steps but think differently. Like 5 people
might toast their bread however it depends how you toast it and how it cooks.
It really depends on how people think.”
“No because one can think different at
the end.”
“The scientist may come up with the
same conclusion using different procedures because different procedures
could lead to the same conclusion. They
might do the procedures in a different
order.”

“Data and evidence are two different
words. Evidence is the work you show to
people to prove a statement. Data is
work you collect to answer a question.”

“Yes because data is where you collect
information and evidence is where you
have proof on how/where you find the
answer.”

“Yes because data is what you collect
and evidence is what you find about the
data.”

“They are different because evidence is
a process that helps you prove something, and data is what you have collected.”

“Team's A procedure is better than team
B's procedure because they tested the
tires to test which tires are best.”

“Team A because they tested various
tires' performance on one type of road
surface.”

“Team A, is better because they are
comparing the tire to see which is better.”

“Team A's procedure is better because
they are testing more than one brand of
tire.”

“C, I chose C because the plants grew
with or without sunlight.”

“B, because if you look at 0 minutes of
sunlight, its growth height is at 25cm but
if you look at 25min in the sun, its height
is at 0cm.”

“A, because it grows.”
“B, because the plant grew more inches
than the less sunlight.”

“B, because the chart is 0 light = 25
growth and 5 light = 20 growth less
lights the taller the plants.”
Explanations
and models are
developed from

7a, 7b

“The dinosaur looks correct. They
could've researched what the dinosaur
should look like.

“Figure 1 has greater posture, but Figure 2 is a slouch.
They measure the skeleton and weigh

No informed responses.
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a combination
of collected
data and what
is already
known
Explanations
and models are
developed from
a combination
of collected
data and what
is already
known

8

Data and Hypotheses.”

it.”

“1. The arms are in the wrong place. 2.
The legs are in the wrong place.
Movies. Internet. Encyclopedia. TV
Shows.”

“A T-Rex has short arms and big legs.
It's also never so far down. They use
research and dig up fossils to predict
what they look like.”

“A model shows scientific evidence. To
determine the answer to a question. A
graph about something.”

“A representation of something particular in the world. To figure out a specific
problem going on in the world. A simulation”

“Model that is scientific. They use it to
help with science. Baking soda in vinegar.”

No informed responses.

“A diagram of an object to show its
physical presentation for more specific
details. To get deeper specific details
about an object. Solar system model”
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