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THESIS ABSTRACT
This study investigated the effectiveness of using an inquiry-based, reflective
lab writing strategy in an eighth grade science unit on density. Two eighth grade
groups were compared: the inquiry writing group and the traditional writing group.
Both groups consisted of eighth grade classes of approximately 30 students each.
Groups were mixed ability, heterogeneous classes that included students of low,
average, and high academic levels. Success of the inquiry-based writing strategy was
determined by collecting quantitative and qualitative data. Quantitative data was
based on comparisons on pretest-posttest gains between the inquiry and the traditional
groups. Qualitative data was based on responses to an open-ended survey showing
student attitudes and learning perceptions in the laboratory environment and writing
tasks assigned. In analyzing the quantitative data, an effect size was calculated to
determine if there was a significant difference between the two groups. This resulted
in an effect size slightly lower than the recommended value to show significance.
However, when at-test for independent means was conducted, a significant
difference between the means existed. Survey results showed that students in the
inquiry group had positive attitudes toward the lab environment. Inquiry students
recalled more detailed information from the lab and reflected on higher order thinking
processes more than students in the traditional group. However, attitudes toward
writing were the same in both groups. Both groups also made a distinct connection
between the density concepts learned and the lab activities.
KEYWORDS: inquiry, laboratory report, middle school science, reflective writing
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Chapter 1: Statement of Problem
Introduction

Is "hands-on" truly "minds-on"? Hands-on lab activities need to be an integral
part of a science curriculum in order to foster a deep, conceptual understanding of
science (National Research Council [NRC], 1996). However, the extent of the
learners' actual mental engagement in the laboratory is questionable (McComas,
2005). Are science concepts actually learned just by "doing" the lab? Unless students
are able to explain what happened in the lab activity, why they occurred, and relate
them to concepts found in their textbooks, the activity loses its purpose. Thus, lab
write-ups or lab reports need to be implemented in order for students to express and
communicate their learning.
However, most lab activities, as well as the lab write-ups assigned with them,
are usually intended to verify a concept already stated in the textbook. Lab reports are
commonly written after a "cookbook-style" lab activity. Cookbook-style labs are not
experimental or investigative. Instead, students read the objective of the lab, follow a
step-by-step procedure (similar to a recipe for a cake), and obtain an expected result
(McComas, 2005). Students are often more concerned with finishing the lab, rather
than knowing the underlying science concepts which the activity tries to affirm.
At the middle school level, there are instances when more guided "cookbookstyle" activities are necessary, especially when their purpose is to teach important
laboratory skills such as measurement or safety. However, if the intent of the lab
activity is for a deeper, meaningful understanding of science concepts, the laboratory
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setting should be inquiry-based. According to the National Science Education
Standards, inquiry is defined as a "multifaceted activity that involves making
observations; posing questions; examining books and other sources of information to
see what is already known; planning investigations; reviewing what is already known
in light of experimental evidence; using tools to gather, analyze, and interpret data;
proposing answers, explanations, and predictions; and communicating the results"
(NRC, 1996, p.l43). Inquiry follows the true nature of science and allows for an
investigative, experimental exploration of real-world occurrences. It allows for
students to use higher level thinking processes in forming their own questions,
developing their own procedure, collecting data, comparing their data to external
resources, and finally communicating their findings.
An inquiry lab setting also provides the perfect opportunity for students to

engage in more reflective lab writing to communicate their learning (Jablon, 2006).
Reflective writing, when used in an inquiry setting, is synonymous with "writing-tolearn" mechanisms. Traditionally, writing-to-learn involves short, informal writing
tasks that help students think through key concepts. The function of these tasks is not
to communicate, but to learn new knowledge (Rivard, 1994). However, recent studies
suggest that when used in an inquiry setting, writing-to-learn tasks can be used as a
reflective tool to communicate fmdings from their investigations (Keys, 1999).

Literature Preview and Definitions ofTerms
Facilitating inquiry labs is the opposing approach to conducting traditional,
cookbook labs. Inquiry labs follow the "constructivist" point of view in transforming
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knowledge (Klein, 2004). They form their knowledge of science content by being
able to explore and manipulate the materials in a lab activity. Through this
exploration, they form their own questions, develop their own procedures, and create
meaning from the evidence they obtain. Constructivist learners derive understanding
of science concepts from a laboratory activity (Tsai, 1999). Students are empowered
in this approach since they have some choice in the procedure of the lab. This
empowerment allows for authentic and meaningful learning to occur (Berry, Mulhall,
Gunstone, & Loughran, 1999). In addition, students actually prefer inquiry-based
labs. In analyzing students' perceptions ofthe ideal laboratory setting, students opted
for an open-ended, rule-clear environment rather than a structured setting (Tsai,
2003).
Writing-to-learn methods also emphasize constructivist approaches to
learning. In the last decade, writing-to-learn methods have been widely accepted as
powerful teaching strategies for authentic and meaningful learning (Yore, 2003).
Writing-to-learn refers to writing tasks that allow students to construct and form
meaning, rather than just "writing to display memory and test mastery" (Rivard,
1994, p. 420). Students involved in writing-to-learn tasks are engaged in more
reflective writing procedures and thus gain positive perceptions toward writing.(Prain
& Hand, 1999; Wilcox & Jensen, 2000). An inquiry lab setting can provide a

reflective atmosphere in which the true benefits of writing-to-learn can occur (Keys,
1999).
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With inquiry as its focus, three models of reflective laboratory reports have
been developed (Keys, Hand, Prain, & Collins, 1999; Romance & Vitale, 2001;
Hapgood, 2006). The models are the Science Writing Heuristic, Science In-Depth
Expanded Applications of Science (IDEAS) , and Guided Inquiry to support Multiple
Literacies (GisML). These lab writing models have been researched and show
efficacy in student learning in various ways. Using these models, students are
engaged in high order, critical thinking skills necessary for the inquiry process. They
also require students to communicate their results through reflective, writing-to-learn
methods. Thus, inquiry lab strategies are combined with literacy strategies in order
for students to obtain a deeper conceptual understanding of science.
Most studies of reflective inquiry lab writing models focus on students of
medium to high reading and writing levels. Other research studies further investigated
the impact of reflective lab writing among low level students (Wallace, 2004; Rivard,
2004; Klein, 2000). These studies found that writing through inquiry can be
beneficial for low level students. However, the reality of some California public
schools is one where classrooms have a wide range of student reading and ability
levels, all within the same group. For example, a classroom containing 30 students
may have students who are English language learners, students with learning
disabilities, and advanced level students mixed together. A classroom with mixed
academic abilities is considered a differentiated classroom. If these writing strategies
show benefits to both high level and low level learners, what would its impact be in
an inclusive classroom containing a full range of academic abilities? Especially in the
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California science classroom, where differentiated classrooms are common, the
effectiveness of these writing strategies should be further explored.
Purpose ofStudy
The present study investigates the efficacy of reflective lab writing in an
eighth grade science unit on density and buoyancy, in comparison to traditional
writing formats for lab reports. It will also explore using reflective lab writing in a
classroom of students with a full range of varying reading levels (a differentiated
classroom). The primary research question is: "Do eighth grade science students
who use reflective, inquiry lab writing formats perform better on a chemistry unit
assessment than students who use traditional, cook-book style laboratory writing
formats?" A secondary research question is "What are the students' learning
perceptions and attitudes to the laboratory environment when doing reflective writing
tasks compared to cookbook-style lab formats?"
Significance ofStudy
The results of this study will impact how science teachers conduct their handson activities and laboratories, especially in assigning the writing portion of these
activities. These may be extremely helpful in finding the most meaningful way for
students to learn science concepts in a lab environment. Since this particular study is
set in differentiated (or mixed ability) science classrooms, it can imply ways for
teachers to assign lab reports in the most beneficial way for all students of various
academic ability levels.
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Methodology Preview
A quasi-experimental study was conducted using two eighth grade science
classes. Classes were similar in the makeup of students (i.e. the same varying reading
levels across each class). The same teacher taught both classes. Both classes received
similar teaching instruction in order to provide background information about the
concept of density. However, during lab activities, one group acted as the control
group and was required to do a traditional, cookbook-style lab report at the end of the
lab. The key components of a traditional lab report is to identify the purpose, make a
hypothesis, summarize the lab procedure, collect and analyze the data in tables and
graphs, and write a brief conclusion. The experimental group used a reflective,
inquiry lab writing format throughout the lab activities. In the experimental group,
students were asked to pose predicting questions, create their own procedure to solve
their questions, make detailed observations, state a conclusion based on their
evidence, compare their results to other resources, and communicate their findings in
a reflective report. Short, reflective writing prompts were assigned throughout the lab
experience, rather than a summative report at the end of the lab.
A pre-test was given to both groups to serve as a baseline for knowledge
obtained after the unit. After completion ofthe unit, both groups were given a posttest using both multiple-choice and short answer writing formats. Quantitative data
was collected, comparing the results of the control group to the experimental group
on growth from the pretest-posttest data. Qualitative measures were also analyzed, in
the form of open-ended student questionnaires. The purpose of these questionnaires
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was to obtain a deeper understanding of student thought processes during the two lab
environments. The questions focused on knowledge of the chemistry content, student
perceptions of learning, and student attitudes toward the lab environment and the
writing tasks.
Limitations ofStudy
Although the results of this study will benefit science teachers in discovering
the most effective way to use the laboratory environment, there are some limitations.
The study is limited by the student population found at this particular middle school.
The students have varying academic ability levels and ethnicities that may not
necessarily represent all California schools. Students are mostly of Caucasian and
Hispanic ethnicities. Student academic abilities vary from English language learners,
students in resource special education, and advanced level students. However, the
percentages of each type of learner may or may not be a representative sample of all
schools in California.
Another limitation is the science content discipline this study is based on. This
study focuses on the science discipline of chemistry. Inquiry and reflective writing
formats may work more effectively in this science discipline when compared to
others such as the Earth sciences or biological sciences.
Summary
Most of the current research studies agree that writing to communicate in a lab
setting is necessary for optimal learning to occur. Thus, teachers often assign lab
write-ups or lab reports to accompany the lab activity. However, for students to show
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a deep, meaningful understanding of the science content, the lab environment itself
needs to be inquiry-based. An inquiry-based environment provides a way for students
to use writing-to-learn methods (or more reflective writing methods) to communicate
their fmdings about the lab activity. Assigning students to write reflectively during a
lab can be a powerful strategy which allows them to make deeper connections with
science concepts. This study tested the effectiveness of using reflective laboratory
writing formats among eighth grade science students during a density unit. Since
most previous research studies on reflective writing strategies in the lab mostly apply
to higher-level and homogeneous classes, this strategy should be further investigated
in a differentiated classroom. A differentiated classroom is one of mixed academic
levels all within the same group. The researcher will address this aspect, analyzing
both quantitative and qualitative data. It is also important that we search the current
literature in depth to compare the results of this study to previous studies.
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Chapter 2: Review of the Literature

Introduction
To provide evidence of actual learning in the laboratory environment, students
are often required to communicate their fmdings in written form, such as a laboratory
report, or write-up. Typically, students are asked to follow an already set procedure
for the activity and summarize their fmdings in this report. The nature of these
activities is often referred to as the "cookbook" style approach (McComas, 2005).
However, the efficacy of traditional lab activities has been criticized. They are "far
removed from the recommendations of constructivist teaching and at odds with the
way scientists themselves investigate problems" (McComas, 2005, pg. 24).
Traditional lab activities do not represent how scientists in the real world solve
problems. In order for students to produce a meaningful lab report, and thus show a
deeper understanding ofthe science content, lab activities must be in an inquiry-based
lab environment. More reflective lab writing formats based on the "constructivist"
point of view in meaning-making have been developed (Keys, 1999; Romance &
Vitale, 2001; Hapgood & Palincsar, 2006). These three models provide inquiry-based
lab settings and require students to write reflectively (based on writing-to-learn
methods) about their lab experiences.

"Cookbook" vs. Inquiry-based Lab Activities
Research supports that inquiry-based lab approaches are necessary for
meaningful learning to occur. Inquiry-based science is defined as the involvement of
students engaging in science skills to answer questions about real-world phenomena
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(Hapgood & Palincsar, 2006). Although most researchers agree that inquiry
represents the true nature of science, it can be complex and take on many forms.
Some have organized the inquiry process into various phases. Wu and Hsieh (2006)
highlight seven phases: questioning, researching, designing the experiment, executing
the experiment, analyzing data, stating conclusions, producing "artifacts", and
communicating results. Through these seven phases of inquiry, Wu and Hseih (2006)
found that middle school students were successful in constructing meaning from their
lab investigations. They showed significant improvement in skills such as identifying
cause-effect relationships, describing how to interpret results, using lab results as
evidence, and constructing explanations (Wu & Hseih, 2006).
Inquiry can also be expressed in varying degrees, depending on the role of the
instructor and how much guidance is given in the process (Bryant, 2006). Inquiry can
be organized along a "continuum" which is contingent upon the teacher's
involvement. The greatest degree of inquiry is when the student chooses the question
himself with no assistance. When teachers guide students toward the question, this
alone lowers their experience of true, open inquiry. The more direction a teacher
gives, the more structured the lab experience becomes, which veers the experience
away from authentic inquiry.
However, at any level of inquiry, most agree that when compared to cookbook
activities, the end result is a deeper understanding of science concepts. After a
traditional lab activity, students were interviewed about their work and many of them
did not know the reasons for their involvement in these activities (Berry, Mulhall,
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Gunstone, & Loughran, 1999). Most students also viewed laboratory work as only a
verification of concepts learned. There was very little mental engagement. This
implies that teachers need to ensure that their students understand the purpose of
laboratory work, conduct labs which are open-ended in nature, and value lab work as
a means to improve student learning of science concepts (Berry, et al., 1999). These
thinking processes can be attained in an inquiry lab setting.
Eighth grade science students were also interviewed for their "scientific
epistemological views oflearning" in the laboratory (Tsai, 1999, p. 654). A students'
success in an inquiry environment depended on their scientific epistemological views.
Scientific epistemological views are how students view their own learning process of
science content. "Epistemology" is a branch of philosophy on the "nature" of
knowledge. It is how the students view learning itself. For example, if students view
science as a body of proven facts that they need to memorize, this will limit how they
learn in a laboratory environment. Based on students' scientific epistemological
views, Tsai (1999) categorized students into constructivist learners and empiricist
learners. Constructivist learners derive understanding of science concepts through
exploration in a laboratory activity. They gain meaning through open-ended and
inquiry-based labs. Empiricist learners use the laboratory as verification of a
previously studied concept. They will follow set guidelines for conducting a lab and
use the results to confirm an already set theory or idea. Most students were found to
be "empiricist learners". However, those that were constructivist learners gained more
understanding of science concepts and had more positive attitudes towards science.
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The researchers suggest that teachers adopt inquiry laboratory teaching strategies to
alter students' epistemological views about science toward constructivist beliefs.
Comparing teachers' and students' views on laboratory approaches shows
similar findings on the need for inquiry-based labs (Tsai, 2003). Tsai (2003)
compared Taiwanese students' perspectives to teacher perspectives of the laboratory
environment. The researcher surveyed and interviewed both students and teachers on
their preferred laboratory environment and actual laboratory environment. Most
students were not satisfied with their actual laboratory environments, expressing a
preference for an open-ended, inquiry, "rule-clear" environment. Teachers preferred
to teach inquiry-style labs, but also expressed a need for more quality materials and
equipment (Tsai, 2003).
Studies show that students in an inquiry-based lab setting, compared to a
traditional setting results in higher achievement in test scores as well. Inquiry-based
instruction proved to be successful at a university level Biology class, resulting in
higher weekly quiz scores and enhanced positive attitudes toward science, when
compared to the more "didactic" laboratory instruction (Lord & Orkwiszewski,
2006). Didactic laboratory investigations are considered traditional, step-by-step lab
formats. Inquiry increases test score achievement among students of low
socioeconomic students as well (Marx, Blumenfeld, Krajcik, Fishman, Soloway,
Geier, & Tal, 2004). Eight thousand students in the middle grades in Detroit
participated in an inquiry-based, technology-infused science program as part of a
district wide reform initiative. Students in the program showed significant increases
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in curriculum-based test scores. In addition, the longer students were involved in the
three year program, the more growth they showed in test scores (Marx, et al.,2004).
Writing-to-Learn Strategies in Science

Writing-to-learn strategies in the area of science have been widely accepted as
powerful teaching methods. Writing-to-learn strategies, also known as writing across
the curriculum, refers to tasks that allow students to construct and form meaning,
rather than just "writing to display memory and test mastery." (Rivard, 1994, p. 420)
Generally, writing-to-learn methods refer to short, informal writing tasks such as freewrites, journals, and learning logs .. These tasks focus on the process ofwriting, or
"sequential writing tasks requiring transformation of ideas to enhance science
learning." (Yore, 2003, p. 689). Thus, students actually use the writing process to
learn content, as well as the mechanics of writing itself.
Learning through writing can be successful among elementary students,
especially upper elementary, in operations such as goal-setting, reviewing, evaluating,
and revising. This includes benefiting low achieving students with limited writing
abilities (Klein, 2000). When coupled with other literacy strategies, such as oral
discussion techniques or talking about their learning, writing-to-learn can enhance the
retention of science concepts over time (Rivard & Straw, 2000).
Writing-to-learn tasks can also result in more positive attitudes toward science
and the act of writing itself. These writing tasks allow students to reflect on their
learning (meta-cognitive skills), not just explore their understanding of science
concepts. This leads to ownership of their learning and thus, motivates them to write
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(Prain & Hand, 1999). Writing-to-learn can also result in positive perceptions about
writing among university level students as well. When asked to respond to several
short writing prompts throughout the term, rather than writing a long report at the end
of the term, anxiety in writing decreased. Although students were more open to
writing, there was no significant increase in content knowledge between the two
groups (Wilcox & Jensen, 2000). However, if the writing-to-learn tasks encourage
students to reflect on how they learned the science concepts, then there may be
significant content retention of those concepts (Ellis, 2004). Students should not just
be involved in the task, but reflect on the learning process. If students are given the
opportunity to engage in the writing task, discuss what they learned with peers, and
communicate how they learned the concepts to their instructors, it is more likely they
retain the content knowledge.
Writing-to-learn tasks have traditionally been informal methods such as freewrites, journals, responding to questions, creative writing, concept-mapping and
content summaries (Rivard, 1994). However, in recent years these tasks have evolved
into reflective writing tools to communicate findings in more formal lab exercises,
especially inquiry-based laboratory settings (Keys, 1999).

Writing-to-learn Strategies Combined with Inquiry-Based Labs
An inquiry-based lab setting offers a perfect medium for students to use writeto-learn methods. Writing in a scientific inquiry setting "promotes the production of
new knowledge by creating a unique reflective environment for learners." (Keys,
1999, p. 119). It allows students to take ownership oftheir thoughts of the lab and
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gives them the opportunity to express themselves in written form. "Inquiry science
and literacy intersect when students use writing to address questions about science
content and to build their capacity to engage in scientific reasoning." (Hapgood &
Palincsar, 2006, p. 57). In an inquiry setting, it is natural for students to be curious
about the experiment. Thus, they are eager to communicate their observations and
ideas about their lab experience. Reflective writing, such as writing down their
observations about the lab in a journal, provides the means for this communication to
occur.
A few instructional models have been developed that incorporate both quality
reflective writing techniques and inquiry-based lab settings. Three models are
highlighted: the Science Writing Heuristic (SWH), Science In-Depth Expanded
Applications of Science (IDEAS), and Guided Inquiry to support Multiple Literacies
(GisML). Research on these three models resulted in significant science achievement
among learners and a deeper, meaningful understanding of science concepts.

The Science Writing Heuristic
One model, called the Science Writing Heuristic, has been researched
extensively in recent years. This writing model "facilitates the production of
metaknowledge in laboratory investigation" (Keys, et al., 1999, p. 1065). It is a "tool
for generating teacher and student activities to promote understanding of the
laboratory through social constructivist means." (Wallace, 2004, p. 71). Student
thinking processes in this model include activating prior knowledge (through group
concept mapping or posing questions), developing their own experimental

Writing Through Inquiry 16
procedures, making observations, stating a claim, comparing the claim to other
sources (such as a textbook), and reflecting on their claims (Keys, et al., 1999). This
multi-step process centers on authentic inquiry learning in the laboratory, since
students must form their own questions and develop their own way to test these
questions. In addition, the heuristic model gives students a connection to literacy
sources to use as a comparison for the data they develop through the lab.
Research shows that the Science Writing Heuristic model allows students to
think critically about the laboratory activity. As a result, they are able to easily
connect the activity to science concepts learned in the classroom. Keys (2000)
studied the eighth graders' thinking processes in a laboratory on erosion using thinkaloud strategies and the heuristic model. Results showed that those students focused
on the problem solving aspect ofthink-alouds and the writing model were engaged in
high levels of scientific thinking. High levels of thinking involve problem-solving and
analyzing data in a meaningful way (Keys, 2000).
Reflective writing tasks also help students answer questions on exams which
require problem solving. Students involved in these tasks, such as letter writing and
the heuristic were able to answer higher level questions on an exam (Hand, Prain, &
Wallace, 2002). When compared to students who received more traditional
instruction, these students scored higher on conceptual exams and skills in
metacognition. Metacognition refers to students' ability to self-reflect and analyze
their own learning (Hand, et al., 2002).
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The metacognitive and cognitive aspects of the Science Writing Heuristic was
effective among seventh graders in a cell unit as well (Hand, Wallace, & Yang,
2004). Students involved in the heuristic, as opposed to a traditional lab write-up,
performed higher on a conceptual unit assessment on cells. Students had an
"understanding of science inquiry and an awareness of cognitive and metacognitive
processes needed to complete the activities." (Hand, et al., 2004). Cognitive processes
when using the writing model was further explored in other studies (Wallace, 2004).
Students drew upon the laboratory activities as their major source of understanding on
cells. Suggestions for science teachers based on these studies include an emphasis to
include hands-on labs in their instruction and to clearly teach the "discourse" methods
which students use to make meaning from these labs (Wallace, 2004). The Science
Writing Heuristic model compared to typical lab writing formats in a high school cell
biology class yielded similar results (Hohenshell & Hand, 2006). The heuristic group
was more aware of the cognitive thinking processes needed to complete the science
writing heuristic template. More students in the heuristic group also identified writing
as their main source of learning. (Hohenshell & Hand, 2006).

The In-depth Expanded Applications of Science (IDEAS) Model
Intended for upper elementary and middle school students, this literacy model
combines reading, writing, and inquiry science. Teachers of the in-depth model
combine reading comprehension and writing tasks to think deeply about science. The
in-depth model provides unit curriculum guides to teachers to instruct their students
toward a deep, conceptual understanding of science. A typical guide will require

Writing Through Inquiry 18
students to activate prior knowledge; represent new knowledge in "propositional
concept maps"; read and comprehend external text resources (i.e. tradebooks, news
articles); conduct and write about hands-on investigations; write journals in science
notebooks; and apply their learning in a cumulative project (Romance & Vitale,
2001). In the inquiry, hands-on investigation portion of the in-depth model, students
are required to write long form lab write-ups. These write-ups include activating prior
knowledge questions, researching, predicting, creating an experimental design,
collecting data, discussing for meaning, making conclusions, and writing questions
for further investigation.
Research on the model has found that students who participated in the indepth program scored significantly higher on nationally normed science achievement
tests. In addition, students' attitudes toward science and reading were more positive
than those who did not participate in the in-depth model (Romance & Vitale, 1992).
Guided Inquiry Supporting Multiple Literacies (GlsML) model
This guided inquiry approach focuses on students K-6.1t recognizes that the
inquiry learning in elementary students can be guided by instructors using firsthand
investigations and secondhand investigations. Firsthand investigations are
experiences in which the student gathers and analyzes data about an inquiry-based
experiment. Secondhand investigations are teacher-led, in which the students read
about others' investigations and compare their own experimental evidence. This is
done through active reading of a text source. (Hapgood & Palincsar, 2006). These
investigations begin with thought-provoking questions and scaffold students through
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the process of scientific reasoning. To express their scientific reasoning, students are
asked to respond to writing prompts in a notebook, record observations and
measurements, state claims of their firsthand experiences, and write comparisons to
the text source. (Hapgood, Magnusson, & Palincsar, 2004).
A descriptive case study revealed that students involved in the guided inquiry
approach were engaged in several thinking skills necessary for inquiry. More
specifically, they were engaged in "using data as evidence, evaluating investigative
procedures, and making sense of multiple forms of representation" (Hapgood, et al.,
2004, p. 456).
Reflective Lab Writing in a Differentiated Classroom
Although the highlighted inquiry writing models showed success in student
learning and engagement in high order thinking processes, most studies were
conducted in homogeneous classes of students, containing students of average to high
reading abilities. Other studies have focused on inquiry and writing among low
achieving students. Other studies suggest that inquiry and writing-to-learn tasks can
benefit low achieving students (Klein, 2000; Rivard, 2003). One study noted that low
achievers benefit more from oral, "talk" strategies and higher achievers benefited
more from writing strategies.
However, a typical classroom in California does not only consist of students
with a small range of academic abilities. Instead, a typical classroom has a mixed
range of levels all within the same group. The effectiveness of reflective lab writing
in heterogeneous classrooms of different ability levels could be further investigated.
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This was a suggestion made by the creators of the science writing heuristic, but has
not been fully explored (Keys, et al., 1999). Further research in differentiated
classrooms would be beneficial to educators. It would provide insight to how diverse
learners respond to inquiry lab writing. Would English language learners and
struggling readers benefit from this writing model? If so, how will the model need to
be modified in order to accommodate their literacy levels?
Summary
Current research focuses on the need for inquiry-based lab activities for
students to truly learn. The laboratory environment should be used for "knowledgetransforming" rather than "knowledge-confirming" activities. (Tsai, 1999). Both
students and teachers prefer the constructivist approach. (Tsai, 2003). Meaningful
learning of science concepts consists of both cognitive and metacognitive thinking
processes. Inquiry labs provide the setting for these thinking processes to occur. To
communicate and record their thoughts, students should be required to write
reflectively using a format based on writing-to-learn methods. Three models: the
Science Writing Heuristic, the In-Depth Expanded Applications of Science (IDEAS),
and Guided Inquiry to support Multiple Literacies (GisML) benefit students by using
both inquiry and reflective writing methods. These models seem to benefit classrooms
of high level students, as well as those of low achieving students. However, typical
classrooms are considered differentiated, or having a full range of academic abilities
within the same group. Further research on a reflective writing model within
differentiated classrooms should be explored.
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Chapter 3: Methodology
Introduction
The research questions for this study are: "(1) Do eighth grade science
students who use reflective, inquiry lab writing formats perform better on a unit
assessment on chemistry, when compared to students who use traditional, step-bystep laboratory writing formats?" and "(2) What are the students' learning perceptions
and attitudes toward the laboratory environment when using the reflective writing
model compared with the traditional lab writing format?" Results from this study can
provide insight for science teachers to create a meaningful lab experience for
I.

students. A meaningful lab experience is one which promotes optimal learning and
emphasizes critical thinking skills. These skills are necessary for a student to be
scientifically literate (McComas, 2005). The following terms are explained in the
context of this study: research design, setting, participants, instruments, procedure,
and analysis of data.
Research Design
An experimental study was conducted comparing two groups of eighth grade

science students taught by the same instructor. This study has the key characteristic of
all experimental studies in that the researcher identified an independent variable (the
use of an inquiry, reflective lab writing format) and studied its effect on a dependent,
or responding, variable (performance on a unit assessment on a science concept)
(Fraenkel & Wallen, 2006). Two groups will be compared: a control group and an
experimental group. The difference in the two groups is the instructional approach to
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labs within the unit and the student product at the conclusion of these labs. The
control group followed a step-by-step lab approach and students produced a
traditional lab report. The experimental group followed the inquiry lab approach and
produced a reflective lab report. The instructor guided students using strategies
suggested by the three reflective writing models highlighted in the literature review:
the Science Writing Heuristic, In-Depth Expanded Applications of Science (IDEAS),
and Guided Inquiry to support Multiple Literacies (GisML). (Keys, Hand, Prain, &
Collins, 1999; Romance & Vitale, 2001; Hapgood, 2006).
Quantitative data was collected using a pretest-posttest design. A pre-test was
given to both the control and the experimental groups. At the conclusion of the lab
activities and chemistry unit, a posttest was given to both groups. Data from the
pretests and posttests showed whether there was significant growth between the
control and experimental groups. Did students show more growth in their
understanding of chemistry concepts by writing an inquiry-based lab report?
Qualitative data was also collected in the form of responses to open-ended
questionnaires. The purpose of collecting this data was to further investigate reasons
for the content knowledge gained from the chemistry unit. Responses to the
questionnaire also showed more detailed insight to the students' perceptions of
learning and their attitudes toward the lab environment. Responses also showed
student attitudes toward the reflective and traditional writing tasks. Students' thinking
processes in the two lab environments were also examined.
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Setting and Participants
The study was conducted at a suburban middle school in San Juan Capistrano,
California. The school has a demographic ratio of 50% Latino/Hispanic ethnicity and
48% Caucasian-American. The other 2% is a mixture of other ethnicities (Asian,
African-American). Students also range from low socioeconomic status to higher,
middle-class. The two classes used in the study represent the school as a whole, being
similar in demographics.
The groups studied represented differentiated, or mixed academic ability,
classes. Both groups were similar in that they have approximately the same amount
of students with varied reading levels in each. Reading levels were determined
according to annual assessments given by the district. The control group had thirtytwo students; eight students read below grade level, eighteen read at their grade level,
and six students read slightly above grade level. The experimental group had thirty
students; six students read below grade level, twenty read at grade level, and four read
slightly above grade level. The instructor was also the researcher in this study. She
had nine years of experience teaching eighth grade science. She taught both the
control and experimental groups in separate class periods during the school day.
Instruments
Pretest and posttest. To create the pretest and posttest, the district adopted
textbook generator was used: Prentice Hall's "Exam View Pro". Tests were based on
the California State Standards for eighth grade science on the concept of density and
buoyancy (California Department of Education, 2006). The following standards were
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addressed: All objects experience a buoyant force when immersed in a fluid. As a
basis for understanding this concept, students will:
a) Know density is mass per unit volume.
b) Know how to calculate the density of substances (regular and irregular solids
and liquids) from measurements of mass and volume.
c) Know how to predict whether an object will float or sink based on its density.
(California Department ofEducation, 2006)
Sample questions from the pretest are found in Appendix A. Sample questions
from the posttest are found in Appendix B. Each test contained 25 items with a
variety of types, including multiple-choice and essay questions.
Open-ended, free response questionnaires. Responses to questionnaires were
collected to answer the secondary research question: What are the students' learning
perceptions and attitudes to the laboratory environment when using the reflective
writing model compared with the traditional lab writing format? Pretest and posttest
data only show results of concept attainment. Responses to the questionnaire gave
more detailed information on the thinking processes of students during the lab
environment and writing tasks. The format of open-ended questions was used to
allow for freedom of response.
All students in both the experimental and control groups were given the
questionnaire after the completion of the chemistry unit. The questions on the survey
focused on the following topics. Are students able to verbally recall concepts learned
from the density unit? If so, was the knowledge gained due to participation in the lab
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activities, the writing process of the lab report, or from other instructional activities
within the unit? What were the students' perceptions of apparent learning of density
concepts? What are the students' attitudes toward their laboratory experiences and
writing tasks? The complete survey questions are found in Appendix C.
Procedure
Pre-unit tests and building background knowledge. The instructor fust
administered the pretest on density prior to the unit to both the control group and
experimental group. Students were told not to write their names on the tests. Results
from the pretest were collected and reserved for later analysis.
At the start ofthe unit on density, both the control group and experimental
group received the same instructional methods to provide background knowledge on
the concept. These instructional methods included reading comprehension strategies
from the textbook, note-taking, and classroom discussions. Both groups also
participated in "skills labs" to determine the mass and volume of objects. The intent
of these skills labs is to teach measuring skills and to provide necessary background
knowledge to understand the concept of density. Thus, both groups conducted these
labs in the traditional, step-by-step format. In the last two labs of the unit, the
instructional approach and student product (lab write-up) differed in both groups. The
inquiry group received a guided inquiry approach and wrote a more reflective lab
write-up.
The traditional, step-by-step lab writing format. In the last two labs of the
unit, the "Float or Sink Lab" and the "Mystery Canisters Lab", the control group
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continued to use the traditional lab format. Students followed a step-by-step lab
procedure as instructed by their lab hand-out. At the conclusion of the hands-on
portion of these labs, students were required to submit a lab report. Lab reports
consisted of stating the problem, making a hypothesis, summarizing the lab
procedure, showing observations and data in a table, analyzing data in the form of
graphs, and writing a brief conclusion paragraph. Writing the lab reports was modeled
by the instructor and the writing process was explicitly taught to the students.
The inquiry reflective lab writing format. In the same labs ("The Float or Sink
Lab" and "The Mystery Canisters Lab"), the experimental group used an inquirybased, reflective writing format. Students engaged in pre-experiment, through
experiment, and post-experiment reflective writing procedures. Examples of prelaboratory writing are concept-mapping and brainstorming for students to pose
questions about density. "Through" laboratory writing activities encouraged students
to design their own experiment, write reflectively about their observations, share data
with other lab groups, and compare their findings to their textbooks. Post-experiment
writing activities required students to communicate and present their results to a
larger audience.
Posttest administration and student questionnaires. At the conclusion of the
unit, the instructor administered the posttest on density. After the posttest, student
surveys were given to all students. Students were asked to respond with as much
detail as needed to answer the questions. Written responses to these questionnaires
were collected and analyzed.
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Analysis ofData
Pretest and posttest comparisons were analyzed for significant growth in
concept attainment of density. This data was also compared to questionnaire
responses. Responses to these questions gave more in-depth explanations of the
thinking processes and learning perceptions of the students from their perspectives.
To analyze the pretest and posttest data, frequency polygons comparing the
gain scores from pretest to posttest were prepared for both groups. To determine if
there was a significant difference between the two groups, an effect size was
calculated using the formula: (Fraenkel & Wallen, 2006, p. 249)
Effect Size = mean experimental gain - mean comparison gain
standard deviation of gain of comparison group
Once the effect size was calculated, the researcher assumed that an effect size of 0.50
(half of a standard deviation) or larger was considered a significant difference
between the control group and experimental group ..
Another technique was also conducted to find a substantial difference between
the two sample means. At-test for independent means was used to compare the two
groups. The purpose of at-test is to establish whether the difference between the
means is due to the teaching methods applied, and not due to sampling error or
chance. (Fraenkel & Wallen, 2006). The following hypotheses were stated:
Null hypothesis: inquiry gain score mean= traditional gain score mean
Research hypothesis: inquiry gain score mean > traditional gain score mean
The t-test resulted in a calculation fort, or t-value. This value was checked in a
statistical table to find if the level of significance had been reached. The researcher
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used a 90% confidence interval and a 0.05 level of significance. If the t-value reached
the 0.05 level of significance, then a difference between the means exists. Thus, the
researcher can reject the null hypothesis. The research hypothesis can be accepted.
To analyze the qualitative data (questionnaire responses), detailed descriptions
of responses were collected. Emerging themes among the responses were analyzed
and categorized. Themes included understanding of the science content, attitude
toward the lab environment, perceptions toward the writing tasks, and attributing
content knowledge to the lab environment or other instructional techniques.
Summary
The implications of this study allowed teachers to understand students'
thinking processes as they conduct a lab investigation. Two methods of laboratory
report writing were researched: a reflective, inquiry writing format and the traditional,
cookbook-style lab format. To analyze quantitative data, an effect size was calculated
and at-test for independent means was conducted. To analyze qualitative data, a
student survey was administered. Responses were examined using themes, such as
recall of density concepts and attitude toward the lab environment. From this data,
teachers can create a laboratory experience which is both meaningful and motivating
for our students. Since the study was done within heterogeneous samples of students,
teachers can also investigate ways to modify writing techniques which work best for
various reading levels. Suggestions can be made on how to incorporate different
formats so that all students succeed.
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Chapter 4: Data Analysis
Introduction
The purpose of this study was to examine the relationship between the use of a
reflective, inquiry lab writing format and a traditional, step-by-step laboratory writing
format on student performance on a density unit assessment. Quantitative data was
collected to explore this purpose. Qualitative data was also analyzed to investigate
student perceptions on the lab environment and writing tasks.
The quantitative data was based on how much students' scores increased from
their pre-tests to their post-tests. These are the students' gain scores. An effect size
was calculated to determine if there was a substantial difference between the gain
score means of the two groups, the traditional lab group and the inquiry lab group. A
t-test for independent means was also conducted to determine whether a statistical
significance existed between the two samples.
Qualitative data was also gathered by reviewing responses to an open-ended
questionnaire given to the students. Survey results from the control group were
compared to results from the experimental group. Questions on the survey centered
on four themes: ability to recall and explain density concepts, attitudes toward the lab
environment, perceptions toward the writing tasks, and connections of learning to the
lab or writing activities. The responses to the questionnaire gave the researcher
insights on the thinking processes of students during the activities in the unit. This
chapter will discuss students' gain scores, effect size calculations, t-test calculations,
and survey results.
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Pre-test and Post-test Gain Scores

The quantitative data gathered was based on how much students' achievement
increased from a pre-test given prior to the unit to a post-test given at the end of the
unit. The difference in scores between the pre-test and post-test are called gain scores
(Fraenkel & Wallen, 2006). Twenty-five questions were given in both the pre-test and
post-test. The types of questions consisted of both multiple choice and short answer.
Sixty-two students were tested, thirty-two from the control group (traditional lab
format) and thirty from the experimental group (inquiry lab format). Gain scores from
the pre-test to post-test ranged from a zero to an eight point increase in both groups.
Names were not used in the study, but students were assigned numbers. Table 2
shows the gain scores of each student in the inquiry and control group.
In order to compare the control group's gain scores to the experimental group's

gain scores, frequency distribution tables and polygons were prepared. In analyzing
figure 1, both polygons show variability within the groups. Thus, it is appropriate to
compare the means between the two groups. The inquiry group showed slightly
higher gain scores on the right of the polygon. Fifteen of thirty students in the inquiry
group had a gain score of five to eight points. In the traditional group, only ten of
thirty-two students had a gain score of five to eight points. In analyzing the lower
end scores, nine of the thirty students had a gain score of three or below in the inquiry
group. In the traditional group, fourteen of the thirty-two students had a gain score of
three or below.
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Table 1

Gain Scores from Pre-tests to Post-tests
Traditional
Group
Student 1
Student2
Student 3
Student 4
Student 5
Student 6
Student 7
Student 8
Student 9
Student 10
Student 11
Student 12
Student 13
Student 14
Student 15
Student 16
Student 17
Student 18
Student 19
Student20
Student21
Student22
Student23
Student24
Student25
Student26
Student27
Student28
Student29
Student 30
Student 31
Student 32
Mean
St. Deviation

Gain Scores
4
4
6
0
2
1
2
3
4
2
5
1
6
3
2
2
1
6
4
5
5
4
3
2
1
3
5
7
5
8
3
3
3.56
1.93

Inquiry Group

Gain Scores

Student 1
Student2
Student 3
Student4
Student 5
Student 6
Student 7
Student 8
Student 9
Student 10
Student 11
Student 12
Student 13
Student 14
Student 15
Student 16
Student 17
Student 18
Student 19
Student20
Student 21
Student22
Student23
Student24
Student25
Student 26
Student27
Student28
Student 29
Student 30

6
4
3
7
5
6
4
2
4
5
5
4
6
5
4
3
5
3
4

Mean
St. Deviation

4.46
1.88

4

3
5
7
3
2
8
7
2
8
0

Writing Through Inquiry 32
Table 2

Frequency of Gain Scores in Control and Experimental Group
Gain Scores

0
1
2
3
4
5

Frequency
Traditional
Group
1
4

6
4
7
5
3

6

7
8

1
1
n=32

Frequency
Inquiry
Group
1
0
3
5
6
7
3
3
2
n=30

Figure 1. Frequency Polygons ofGain Scores on Tests
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Figure 2: Comparison of Means
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Calculating Effect Size
An effect size was calculated to determine if the difference between the means
of the two groups is substantial in magnitude. Calculating the effect size is a method
used to find the extent of a difference between two groups of comparison (Fraenkel &
Wallen, 2006). Most researchers consider that an effect size of 0.50 or larger is a
significant result. This result is "half a standard deviation of the comparison group's
scores." (Fraenkel & Wallen, 2006, p. 249).
ES

=

mean experimental gain- mean comparison gain
standard deviation of gain of comparison group

The effect size in this study was calculated to yield 0.47. This result was close to the
recommended value of 0.50. However, since the effect size was smaller than the
recommended value, a significant difference between the two groups does not exist.
ES = 4.46-3.56 = _Q.2_ = 0.47
1.93
1.93
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T-test for Independent Means

In order to assess statistical significance, at-test for independent means was
conducted. This t -test was used to show whether the difference between the means of
the traditional and the inquiry lab groups was significant and not due to chance. In
conducting at-test, the following hypotheses were stated:
Null hypothesis: inquiry gain score mean= traditional gain score mean
Research hypothesis: inquiry gain score mean> traditional gain score mean
The following table shows calculations resulting in at-value of 1.914, where p < .05
using a 90% confidence interval. The t-value is also called the test statistic. (Fraenken
& Wallen, 2006).

Table 3
Calculations ofMeans, Standard Error of Difference, and T- Value

Traditional Lab Group
Sample Size n = 32
Mean 1 = 3.56
Standard Deviation (SD,) = 1.93
Standard Error of Means (SEM 1)
SEM1 = SD = 1.93 = .347
.Yn-1
.Y31
Standard Error of Difference (SED)=
.Y( SEM1i- (SEM2i = .Y.23 = .47
t= Mean 2- Mean 1

SED

0.9 = 1.914
0.47
p< 0.5

Inquiry Lab Group
Sample Size n= 30
Mean 2 = 4.46
Standard Deviation (SD2) = 1.88
Standard Error of Means (SEM2)
SEM2 = SD = 1.88 = .349
.Yn-1
.Y 29

.
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The resulting t-value, or test statistic, is 1.914. A ninety percent confidence
interval was calculated, where 1.65(SED) = 1.65 (0.47) = 0.775. The difference in the
means of the inquiry and traditional group is 0.9. This calculates to 0.9 ± 0.775,
which equals 0.125 to 1.55. This is the 90% confidence interval. Ninety percent of the
difference in the sample means lies between 0.125 and 1.55. The t-value resulted in
1.914 which is greater than 1.55. This indicates that p <.05 in one tail ofthe 90%
confidence interval. (Fraenk:el & Wallen, 2006). Thus, the null hypothesis was
rejected. The research hypothesis was accepted. The inquiry gain score mean is
greater than the traditional gain score mean.

Figure 3: Ninety-percent confidence interval for a Difference of0.9 Between Means

The t-value, 1.914, is greater
than 1.55. Thus, p < .05 and a
significant difference exists .
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Difference Between Means

1.55
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Survey Results
In addition to quantitative data, qualitative data was also obtained. Qualitative
data was collected in the form of responses to a survey administered at the end of the
unit. There was 100% participation in the survey from both groups, totaling thirty-two
participants from the traditional lab group and thirty participants from the inquiry lab
group. Questions were open-ended and students were asked to write with as much
detail as possible. The survey questions centered around four themes: the ability to
recall and explain density concepts and lab procedures, attitudes and perceptions
toward the lab environment, attitudes and perceptions toward writing tasks (i.e. lab
reports) and connections of learning density concepts to labs or writing activities
within the unit. There were a total of eleven items on the survey. The purpose ofthe
questionnaire was to gain a more thorough understanding of the thought processes of
the students, especially during the lab activities and writing of lab reports.
Recall of Density Concepts and Lab Procedures
Four of the survey questions focused on how accurately students were able to
recall density concepts. Two survey questions asked students to explain how to find
the density of regular and irregular objects. Students who were part of the inquiry
group answered these questions with more detail than those in the traditional group.
Most responses in the inquiry group gave multiple step answers to these questions.
Ten out of thirty students responded using three or more steps in explaining how to
calculate density. In the traditional group, only six out of thirty-two students used
three or more steps to explain how to fmd the density of an object.
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Survey results on the accuracy of these four questions were similar in the
control and the experimental group. Twenty-one of the students (65%) in the control
group answered all four questions correctly. Eighteen students (64%) in the inquiry
group answered the same questions accurately. Thus, there was no difference
between the control group and the experimental group on the accuracy of their
answers.
Attitude Toward the Lab Environment
Some survey questions focused on how students perceived their lab
environment and learning. One question asked students to rank specific lab activities
according to how much they enjoyed their experience (1 lowest, 5 highest). The last
two activities, the "Float or Sink" lab and "Mystery Canisters" were the labs that
differed in the teaching approach between the two groups. These two labs were
conducted using the inquiry lab format. Overall, the inquiry group ranked these labs
high (4 or 5). Twenty-two (75%) ofthe students gave these labs a 4 or 5. In the
control group, only sixteen (50%) ofthe students ranked these labs with a 4 or 5.
One survey question asked students to describe their role in the lab activities
(i.e. their role in the lab group and cooperating with their partners). Most students in
the inquiry group wrote in more detail when responding to this question than those in
the traditional group. A few students in the inquiry group attributed their role in the
lab environment with thinking processes within the lab. For example, one student
mentioned that his role in the lab was "to figure out how to do the math in the density
problems." Another student in the inquiry group mentioned that her role was to "give
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the final say on what to put in the canister to make it float." Students in the traditional
group mostly mentioned task-oriented roles such as "recording data for their group"
or "getting the lab materials."
Perceptions of Writing Assignments
Some of the survey questions asked how students perceived the writing tasks
associated with the laboratory. In both the inquiry and traditional groups, a similar
number of students felt that writing the lab report helped them learn about density.
Only ten students (33%) in the inquiry group and twelve students (37%) in the
traditional group found it was helpful to write a lab report in order to learn about
density.
When asked how writing was used to help communicate results from the lab,
both groups mostly referred to post-lab summaries and questions as being the primary
source of communication. In the inquiry group, a few students (three out of thirty)
discussed pre-lab brainstorming activities as a way that writing helped them with lab
results. One student stated that these activities helped her "make predictions of what
would happen next." One of the inquiry writing tasks was to compare data results
with other groups. Two of the thirty students mentioned this aspect as being helpful
in communicating their lab results.
Connecting Learning ofConcepts to Activities within the Unit
One item in the survey asked students which activities were the most
memorable. Both the control and experimental groups referred to the labs within the
unit. When asked to explain why, most students in the control group responded by
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referring to the hands-on nature ofthe activity. For example, one student in the
traditional group stated that they remembered the labs because he "got to do
something." Another student mentioned that "it was fun to see things float or sink in
water." In the inquiry group, most students mentioned the hands-on labs as the most
memorable as well. However, their answers were more specific to various procedures
within the labs. For example, one student mentioned that the Mystery Canisters Lab
was the most memorable because he was able to "use different weights to find out
which would make the canister float in water." Another student mentioned that she
was able "to rank in order the items which had less density to the items which had the
most density."
Students were also asked which activities they felt helped them learn about
density most accurately. Students in both groups responded by stating that the lab
activities were the most helpful in teaching them the concept of density. Only four
students gave explanations on why they chose these activities. One student was in the
traditional lab group. The other three students were in the inquiry group. The student
from the traditional group stated that "the labs helped her remember that density is
mass in a certain volume." However, she did not clearly state what aspect of the labs
helped her learn this principle. One student in the inquiry group said that the lab
helped her remember that an object's "density can tell whether an object will float or
sink in water." She also did not clearly state which aspect of the lab helped her
understand this concept.
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Summary
Both quantitative and qualitative data was collected in this study. The
quantitative data was based on student achievement on a density unit pre-test to a
post-test. The means of gain scores were compared between the two groups. An effect
size was calculated to compare the means, resulting in a difference of0.47. This
effect size was close to the recommended value of 0.5 between the two groups.
However, the value was not enough to show a significant difference between them. A
t-test for independent means was also calculated. A 90% confidence interval resulted
in a range of0.125 to 1.55. At-value of 1.914 indicates that a positive gain was
achieved. This value falls on the positive end of the normal curve since it is greater
than 1.55. This also means that the significance level of0.05 was reached. Thus, we
are able to reject the null hypothesis that the traditional group mean is equal to the
inquiry group mean. The research hypothesis (the mean of the inquiry group is
significantly higher than the traditional group) was accepted.
Qualitative data was collected in the form of survey responses to eleven openended questions. The reason for obtaining this data was to investigate the thinking
processes of students during lab and writing activities. The eleven items on the survey
centered around four themes: ability to recall and explain density concepts, attitude
toward the lab environment, attitude toward writing tasks, and connection of learning
to activities within the unit. Since the survey was open-ended, there were varied
responses regarding these 4 themes.
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In the next chapter, interpretations of these results and recommendations for
future studies are made. Limitations of the study are also discussed. Comparisons of
this study to those found in the literature are made, as well as implications for
investigating the inquiry lab approach among various types of learners in the
classroom.
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Chapter 5: Conclusions, Interpretations, and Recommendations

Introduction
The main focus of this study was on inquiry lab format and its effect on
student understanding of science concepts. The first research question was "Do
students who are engaged in inquiry lab writing formats attain concepts better than
those in traditional writing formats?" The second question was "What are students'
learning perceptions and attitudes toward the lab environment and writing tasks?" It is
important for science educators to build strong scientific literacy skills in our
students. Hands-on experimentation provides the foundation for students to develop
these skills. Although traditional laboratory formats are hands-on, they are often used
only as a verification of concepts. Thus, students do not develop the skills for true
experimentation and discovery learning. As an alternative, inquiry lab environments
have been shown to engage students in critical thinking and higher-order thought
processes. Exemplary inquiry writing models were highlighted in the literature
review. Teaching strategies suggested by these models were used in the inquiry
format of this study.
The researcher examined the effect of an inquiry-based writing model on
student understanding of science concepts. Both quantitative and qualitative data was
collected. Results from the study show that the means on pre-test to post-test gain
scores were slightly higher in the inquiry group than the traditional group. An effect
size was calculated and at-test was conducted to show statistical significance in the
difference between the means of the two groups. In addition, qualitative data was
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collected in the form of open-ended surveys. Surveys showed comparisons and
differences between the groups in attainment of density concepts, perspectives of
learning, attitudes toward the lab environment, and attitude toward the writing tasks.
This chapter will further discuss the results by interpreting the data, discussing
limitations to the study, making comparisons to other studies, and suggesting
implications for further research.
Quantitative Data Interpretation
According to the data results, a statistically significant difference in the means
between the two groups did not exist when calculating effect size. In comparing gain
scores, the traditional group had a mean gain score of3.56 from their pre-tests to
post-tests. The inquiry group had a mean gain score of 4.46. An effect size was
calculated to determine if the magnitude of this difference was significant. Many
researchers agree that an effect size of at least 0.5 (half of a standard deviation) is
considered an important difference. The calculation in this study resulted in an eftect
size of0.47. Thus, it was fairly close to the recommended value. However, the value
was not great enough to show a significant difference.
Although the effect size was slightly less than 0.50, analyzing student scores
shows that there were more students in the inquiry group with higher gain scores. The
range of gain scores overall was between zero and eight. Eight out of thirty students
(27%) received gain scores of six or higher in this group. In the traditional group,
only five out ofthirty-two students (15%) received gain scores of six or higher. This
is a 12% difference between the two groups. In analyzing the lower end scores, nine
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of the thirty students (30%) had a gain score of three or below in the inquiry group. In
the traditional group, fourteen of the thirty-two students (47%) had a gain score of
three or below. This is a 17% difference between the two groups. It is also surprising
to see that in the traditional group, about half of the students did improved very little
from their pre-test to post-test. Only 53% of the students in the traditional group had a
gain score of 4 or more points.
When conducting at-test for independent means, the difference between the
means showed a statistical significance. At-value of 1.914 was calculated. To be
statistically significant, at-value greater than 1.55 was required to show a positive
gain. This would indicate that the difference between the means lies in the positive
tail of the 90% confidence interval of0.125 to 1.55. The t-value of 1.914 falls outside
of this range, on the positive end of the tail. This indicates that the significance level
of 0.05 was reached. Thus, the difference between the means is significant and not
due to chance. (Fraenkel & Wallen, 2006). Using this statistical data, the research
hypothesis is accepted. The research hypothesis stated that the mean of the inquiry
group would be greater than the mean ofthe traditional group. Thus, students who
engaged in inquiry writing lab formats performed better on a conceptual test than
those who are in traditional lab formats. This is consistent with those studies
highlighted in the literature review (Hand, et.al., 2004; Marx, et al.,2004).
Qualitative Data Interpretation
Open-ended surveys were also administered to the students in both groups.
The goal of these surveys was to gain more insight on the thought processes of the

Writing Through Inquiry 45
students in the laboratory and writing experiences. Survey questions were centered on
four themes: the ability to recall and explain concepts and lab procedures, attitudes
toward the lab environment, attitudes and perceptions writing tasks and connections
of learning density concepts to labs or writing activities within the unit.

Ability to explain density concepts and lab procedures. There were three items
on the survey about this topic. Item numbers 1 and 2 asked students to explain how to
fmd the density of regular and irregular objects. Item number 3 asked students to
connect an object's density with its ability to float in a liquid (See Appendix C for
complete survey). Survey results showed very little difference in the accuracy of
these questions between the two groups. This was not expected. Most research studies
have found that an inquiry lab format fosters more conceptual learning than
traditional lab formats (Keys, Hand, Prain, & Collins, 1999; Romance & Vitale,
2001; Hapgood, 2006).
An interesting finding in responses to these three items was that students in

the inquiry group wrote answers with more detail than those in the traditional group.
In most surveys of the inquiry group, students explained how to calculate density
using at least three steps. For example, when explaining how to find the volume of a
rock, a student in the inquiry group stated "Fill the graduated cylinder up to a certain
level with water. Make sure to write this water level down. Tie the rock to a string
and carefully place it in the cylinder with water. Find the difference in how much the
water level went up. The amount that the water went up is the same as the volume of
the rock." The student accompanied her response with a picture showing the steps. In

I·
I
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the traditional group, the responses were shorter and no pictures were drawn to
respond to the question. A sample response from the traditional group stated, "Find
the difference in how much the water rose when you put the rock in a container of
water. How much water level rises is equal to the volume of the rock." Since the
inquiry writing format had students write their own procedure in finding the density
of objects, students were able to recall the information with more specific details.
Attitude toward lab environment. Item numbers 4,5, and 9 on the survey asked

students about their attitudes and roles in the lab environment. Items 4 and 5
questioned student perceptions on their roles in the lab and contributions to their lab
group. Students in both groups answered these questions using general statements
such as "working together as a group" or "measuring the density of objects." However
some of the students in the inquiry group connected their roles to higher order
thinking skills. For example, some responses included "thinking through on how to
calculate density" or "to figure out how to do the math in the density problems."
Another response in the inquiry group stated "to rank in order the items which had
less density to the items which had the most density." Thus, students connected their
roles to more thinking-type actions rather than task-oriented actions. In analyzing
responses from the traditional group, they attributed their roles to task-oriented
actions. These were roles such as "getting materials for the group" and "recording the
data for my group."
The inquiry writing format makes students aware of how to think about their
lab observations and make connections to science principles. Studies from the
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literature state that these metacognitive processes are necessary to teach students how
to be scientifically literate (Keys, 1999, 2000; Hand, et. al., 2004). Metacognitive
processes allow students to reflect on how they are learning, not just on what they are
learning. The survey responses show that some students in the inquiry group were
able to do this. Students placed importance on the thinking processes of the lab. The
action verbs used in the inquiry group responses were "calculating, predicting,
ranking, comparing, and figuring out" as opposed to the action verbs of the traditional
group, "working, recording, writing, getting materials, and doing the lab." The
inquiry group referred to higher order thinking processes.
Item nine in the survey asked students to rank the labs in the unit from 1-5,
with 5 being the highest. They were also asked to provide an explanation on why they
ranked the labs with their chosen number. The last two labs were the "Mystery
Canisters" lab and the "Float & Sink Lab." These were the labs that differed in
teaching approach between the two groups. All students chose their rankings based
on how much they enjoyed the lab. Students in the inquiry group ranked these labs
higher overall than those in the traditional group. Seventy-five percent of the inquiry
group ranked these labs higher, compared to fifty-percent in the control group.
Since the inquiry students were given more freedom to choose the
experimental variables in these labs, their overall lab experience was more enjoyable
(Tsai, 1999; Tsai, 2003). For example, in the "Mystery Canisters" lab, students were
able to choose how much weight to place in the film canister to make one sink, one
float, and one submerged in a tub of water. Once they were successful, they were
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asked to use these results to design an experiment, changing one of the variables.
Some groups chose to change the liquid in which the canisters were placed in. Some
groups chose to change the sizes of the canisters, and some chose to change the size
of the tubs. Students were empowered when given the freedom to choose what
variable to change. In the traditional group, students also studied the same variables,
but were assigned which variable to experiment. They were also given step-by-step
procedures in how to conduct their experiments. This lack of freedom to choose their
parameters is probably the reason for lower ranks on these labs. Middle school level
students like to make their own decisions and take ownership of them. Inquiry labs
provide the opportunity for these students to have this freedom while learning science
concepts.

Attitude toward writing tasks. Two items on the questionnaire asked students
their perceptions about the writing tasks in the density unit. One asked them if they
felt writing the lab report was helpful in understanding the lab concepts. In both
groups, most students stated that the lab report was not helpful. Most students felt that
the act of doing the lab was sufficient in understanding the purpose of the lab. This
sentiment was similar in both groups. With these particular students, their past
attitudes toward writing have been somewhat negative. The inquiry lab group did not
gain more of an appreciation of writing, as some studies have suggested (Keys, 1999;
Prain & Hand, 1999; Wilcox & Jensen, 2000). However, this study was based only on
one unit. With more exposure to inquiry writing formats on a long term, an
appreciation toward writing as a means of communication may develop over time.
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Also, this study did not focus on student attitudes toward writing alone. Only one
survey question was devoted to this topic. An expanded survey or student interviews
on their attitudes toward writing could be done to gather more comprehensive results.
Although most students stated that writing the lab report was not helpful in
understanding concepts, they still felt that the act of writing helped them
communicate their lab results. All students in both groups described at least one way
the lab report helped them to show their results. The traditional group referred to
post-lab summary questions as a way that writing helped them communicate their
results. However, this was one of the few opportunities for them to do any extensive
writing during the lab activities. Since they had fewer opportunities to write, this was
an expected result in the survey. The inquiry group had more opportunities for writing
throughout their lab experience. They were involved in pre-writing brainstorming
activities to write their own inquiry question and prediction. They were also asked to
do quick-writes to compare their data with other groups and information from the
textbook. They also created a flow-map writing activity to write their own lab
procedure. As a post-lab writing activity, they were to summarize their data and make
conclusions. On the survey, students in the inquiry group mentioned some of these
writing activities as a way to communicate what they learned. Three students referred
to the pre-laboratory writing activities as a way of communication. One student
pointed out that the pre-lab activities helped her "make predictions of what would
happen next." Other students in the inquiry group referred to the sharing of data with
other groups as helping them communicate their findings. This is consistent with
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findings from past research studies that used similar strategies (Ellis, 2004). To gain
more insight, the researcher could expand the survey questions by asking the inquiry
students which writing activity they felt was most helpful. The researcher could also
ask students to rate which writing activity was helpful using a scale of 1 to 5.

Connection of learning concepts to lab or writing activities. Some of the
survey questions focused on whether students were able to attribute their learning of
concepts to labs or writing tasks in the unit. One question asked students to refer to
the most memorable activities in the unit. Students in both the inquiry and traditional
group chose the lab activities as the most memorable. In the traditional group,
students reasoned that the labs were most memorable because of their hands-on
nature. They appreciated the labs because they got "to do something." A few students
referred to some observations made in the lab such as "seeing things float or sink."
An interesting finding was that in the inquiry group, students also discussed the labs
as being most memorable. However, their reasons were much more specific to the lab
procedures developed. Example responses were "it was fun to use different weights to
find out which would make the canister float in water" and "I got to rank in order the
items which had less density to the items which had the most density." This finding
suggests that the inquiry groups are able to remember more specific and detailed lab
procedures. This is most likely due to the fact that they were able to design their own
procedure and make conclusions about the variables they chose. A few responses in
the traditional group did refer to one of the procedures, but responses were vague and
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general. The inquiry students were able to recollect more explicit details of the lab.
This enhanced their learning of concepts on density.
When asked which activities helped them learn density most, students in both
groups again mentioned the lab activities. Students drew upon the laboratories as their
primary source of learning in both the traditional and inquiry groups. A surprising
result was that the inquiry group did not mention that the writing tasks as a source for
learning about density. This is despite the fact they were given many opportunities to
write throughout the lab experiences. All students referred to the labs instead.
However, this does not necessarily mean students did not feel the writing tasks helped
them learn. Since the writing and labs were completed simultaneously, students most
likely did not distinguish them as separate activities.

Limitations to the Study
Although the results ofthe t-test and the survey showed how an inquiry
writing model can enhance the understanding of science concepts, there were some
limitations. One limitation is the sample groups used in this study. Research results
are restricted to the students emolled in the researcher's second and third period
classes. Both groups contained students of mixed abilities, with a similar range of
high level and low level readers. However, the results are limited to these particular
students in the groups. Although statistical measures were used to try to generalize
the data, this particular sample of students may not accurately represent other
classrooms in California.
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This study is also limited in that it only shows the effect of inquiry in the
discipline of chemistry. Chemistry lab activities are typically more experimental and
quantitative compared to other science disciplines. Students are able to quantify their
observations through measurements and calculations to study important chemistry
concepts. Thus, they are able to see relationships between measured variables. It is a
possibility that inquiry lab formats work best with these types of labs. Other
disciplines, such as life science and Earth science, may be limited to labs which are
observational, but do not necessarily allow students to measure quantities. For
example, students in a middle school life science class may conduct a lab
investigation where they are observing bacteria and protozoa under a microscope. Lab
data may be in the form of detailed drawings and observations of the microbes. In this
type of lab, students are not measuring quantifiable data. Further research would need
to be done on whether inquiry writing formats would be effective with labs which
produce observational, not quantitative data.
Another limitation is in the interpretation of the open-ended surveys.
Questions were open-ended, allowing freedom of response. This format was chosen
in order to get more detailed responses from the students on how they were thinking
throughout the unit. This is an advantage in that unexpected patterns emerged from
the results of the survey. However, there may be some bias in how the researcher
viewed these results. The researcher may have focused on certain responses more
than others. Another person may interpret the same results and come to different
conclusions. A survey with more close-ended responses, such as using a Likert-scale
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of 1-5, may reduce this bias. Results may also show more quantifiable patterns in a
close-ended survey. For example, percentages can be obtained showing how students
ranked a particular statement. Improvements to a future survey would be to include
both open and close-ended items as questions. This would optimize the advantages of
both types of survey formats.
Time was also a weakness in this study. Since these students were not familiar
with inquiry formats, the teacher needed to guide students more in this lab
environment. Thus, students in the inquiry group needed more than one class period
to complete the lab and the reflective writing tasks. Students in the traditional group
merely had to follow directions using step-by-step procedures. It only took one class
period per lab to achieve this. This could have affected the results. Students in the
inquiry group may have preferred the inquiry environment because they spent more
time on hands-on investigation than the traditional group. The fact that this was a new
method of teaching could have also affected the results. Students may be more
motivated because they were doing an activity that differed from their normal
instructional environment.
Recommendations for Further Study
One issue that can be further investigated is the effect of inquiry among
various types of learners. This study was done in a mixed ability class. The means of
the inquiry group did show that students benefited from inquiry writing when
compared to the traditional group. As a class overall, this shows that inquiry writing
is a valuable method of instruction. However, we can further analyze the type of
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students who benefit most. Do students with lower reading abilities show more
growth in retaining concepts than other students? What about students with higher
reading abilities? Looking back at the data, there appeared to be a significant growth
among students of low reading abilities. One student received a gain score of six
points, and another student received a gain score of five points. However, one student
had a gain score of only two points. In order to obtain more conclusive data, a future
study containing a larger sample of students with lower level reading abilities is
needed. This type of study will also give teachers suggestions on how to modify a
reflective writing format to meet the needs of these students.
Evidence from the survey also raises other issues for further studies. This
study shows that when inquiry and writing are combined into one program, science
concepts may be better understood. However, it does not clearly distinguish which
parts of the program were most effective. Students in the inquiry group were exposed
to writing activities before, throughout, and after their lab experience. The results did
not show which specific writing tasks were most successful. It was also unclear
whether it was the inquiry atmosphere or the writing process which benefited students
most. A study addressing the effect of specific writing tasks on learning could be
explored.
Final Comments
This study showed that an inquiry writing model has positive effects on
student learning. For students to be scientifically literate, they need to possess strong
investigative and experimental skills. They also need to have the ability to
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communicate their findings in some form. An inquiry-based lab environment when
coupled with reflective writing gives students the opportunity to develop these skills.
The inquiry portion builds their investigative skills, while the writing portion builds
their communication skills. Students are also able to better grasp difficult science
concepts, such as density.
Survey results showed that students not only learn more using an inquiry
writing model, they also have better attitudes toward the lab environment. Overall,
middle school students generally enjoy the hands-on experience whether it is a
traditional or inquiry lab. However, their appeal to the labs is increased when they are
given more freedom to experiment. Inquiry lab environments give students this
flexibility. Students are empowered when they are able to choose their variables and
write their own procedures. This empowerment enhances their learning experience.
The rewards for an inquiry writing model are great, but it also poses some
challenges. It requires a re-evaluation of the traditional laboratory method. Many
teachers are more comfortable with the traditional method due to their ease of lab setup and management of students. However, students may be physically engaged in a
traditional lab environment, but not necessarily mentally engaged. Inquiry labs
require students to be mentally engaged by thinking reflectively through each part of
the lab. They must discover the principles on their own without following a step by
step procedure. Teachers need proper training on transforming traditional labs to
become inquiry-based. They also need more professional development on how to
guide students through an inquiry lab. Students will also need continued practice and
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guidance in how to think and write in an inquiry lab. This may take more instructional
time and lesson planning. With all of the demands placed on today's teachers, time is
limited and valuable. However, if the goal is to build scientific literacy and foster a
deep understanding of concepts, developing an inquiry approach will be time well
spent.
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Appendix A: Density Unit Pre-test

Density Unit Pre-test
Multiple Choice
Identify the choice that best completes the statement or answers the question.

1. What formula would you use to find the volume of a rectangular box?
a. Volume = length x width x height
c. volume = length x width
b. Volume = length + width + height
d. volume = length + width
2. Which of the following units is best for expressing the volume of an irregular
solid such as a rock?
c. milliliters (mL)
a. liters (L)
b. cubic centimeters (cm3)
d. newtons (N)
3. Which of the following is the equation used to calculate a substance's density?
a. D= VIm
c. D=m+ V
b. D=m/V
d. D= Vx m
4. What happens to a solid object with a density that is less than the density of water
when it is placed in water?
a. The object gets suspended in the water.
b. The object displaces a quantity of water greater than its volume.
c. The object settles to the bottom of the water.
d. The object floats on top of the water.
5. If you know an object's mass (m) and volume (V), what equation would you use to
find its density?
a. D=m x V
c. D=m/V
b. D= VIm
d. D= V+m
6. Which of the following units are best for expressing the density of a solid?
a. g/mL
c. g/cm3
3
b. m /kg
d. N/cm3
7. If you know the volume (V) and mass (m) of an object, how do you find its
density?
a. Divide m by V.
c. Divide V by m.
b. Multiply m by V.
d. Add m and V.
8. Which ofthe following units would be best for describing the volume of vinegar
used in an experiment?
c. liters or milliliters
a. grams or kilograms
b. meters or centimeters
d. newtons
9. What unit of density would be most appropriate for describing a solid bar of
silver?
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a. g/mL
b. g/cm3

c. ozJfe
d. kg/L

10. Which physical property of matter describes the relationship between mass and
volume?
a. Density
c. reactivity
d. Weight
b. Ductility

Substance

Density (g/m3)

Aluminum
Mercury
Silver
Ice
Water
Zinc
Wood

2.7
13.55
10.5
0.93
1.0
7.2
0.85

11. A cube has a density of2.7 glcm3 • What substance is the cube made of?
a. Aluminum
c. Mercury
b. Ice
d. Wood
12. What metal has a density more than 13 times greater than water?
a. Ice
c. Aluminum
d. Mercury
b. Silver
13. Why does ice float at the surface of liquid water?
a. Ice has a lower density than water.
c. Ice is a solid.
d. Ice is colder than water.
b. Ice has a higher density than water.
14. If you have a sample of a solid that has a volume of 2 cm3 and a mass of 21 g,
what substance is it?
a. Mercury
c. Zinc
b. Silver
d. Wood
15. The amount of a liquid is typically expressed in metric units called
a. centimeters.
c. liters.
d. ounces.
b. grams.
16. If you have 7 mL of a liquid that has a mass 8.82 g, what is the density of the
liquid?
a. 0.79 mL/g
b. 0.79 g/mL

c.
d.

1.26 mL/g
1.26 g/mL
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17. If you want to compare the densities of oil and water, pour the liquids into a
container and observe how they
a. change color.
c. separate into layers.
b. evaporate quickly.
d. create an odor.
18. What units would you use to measure liquid volume?
a. grams
c. Seconds
b. meters
d. liters
a.
b.
c.
d.

19. Why is density considered a useful property for identifYing matter?
Different substances have the same densities.
Density is unique to each substance.
Density predicts whether objects float.
Density varies at different temperatures

Short Answer

20.

Explain why volume and mass are not characteristic properties of matter.

21.
Describe two ways to compare the densities of unknown substances. Why is
density a useful property for identifYing matter?
22.

Explain how you would measure the volume of an irregular solid such as a

rock.
23.
Explain why a bowling ball is much heavier than a soccer ball even though
they are roughly the same size.
24.
What physical property do a wood block, copper tubing, an ice cube, a bar of
silver, and a lead fishing weight have in common? What physical property of matter could
you use to tell them apart?
25.
You have two objects, both about the size of an orange. Object A has a mass
of 1,487g, and object B has a mass of 878 g. Which object has the greater density? Explain.
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Appendix B: Density Unit Post-test

Density Post-Test
Multiple Choice
Identify the choice that best completes the statement or answers the question.

a.
b.
c.
d.

1. The mass per unit volume of a substance is its
Density.
Distance.
weight.
fluid pressure.

a.
b.
c.
d.

2. An object that is more dense than the fluid in which it is immersed will
sink.
nse.
Neither rise nor sink.
sink at ftrst, than rise slowly.

a.
b.
c.
d.

3. Which of these substances is the LEAST dense?
Wood
Copper
Lead
rubber

a.
b.
c.
d.

4. How is the density of a submarine lowered?
It travels faster through the water.
Its speed goes down.
It emits water from its flotation tanks.
It takes in water from the ocean.

5. If the density of an object is equal to the density of the fluid in which it is
immersed,
a. the object sinks.
b. the object rises.
c. the object will sink, then rise, then keep repeating this.
d. the object neither rises nor sinks but instead floats at a constant level.

a.
b.
c.
d.

6. The measurement of how much matter an object contains is its
volume.
weight.
mass.
melting point.
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a.
b.
c.
d.

7. The measurement of how much mass is contained in a given volume is called
weight.
melting point.
boiling point.
density.

8. The density of a block of wood with a volume of 50 cubic centimeters and a mass
of 100 grams is
a. 2 g/cm3
b. 0.5 g/cm3
c. 500 g/cm3
d. 5,000 g/cm3

a.
b.
c.
d.

9. Why can gold be separated easily from surrounding material?
It has a high mass.
It is shiny.
It has a high density.
It has a high volume.

10. What technique did miners use to separate gold from sand and dirt?
a. Boiling
b. Panning
c. heating in charcoal
d. Melting
11. Copper can be separated from surrounding material because of its
a. mass.
b. volume.
c. density.
d. chemical activity.
12. How would you calculate the density of an object?
a. Divide its weight by its volume.
b. Divide its mass by its volume.
c. Multiply its volume times its mass.
d. Multiply its weight times its mass.
Modified True/False
Indicate whether the statement is true or false. Iffalse, change the identified word or phrase
to make the statement true.
13.
the object.

The volume ofliquid displaced by a floating object is less than the volume of
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14.
As a ship is unloaded, it rises higher in the water because the density of the
ship and its cargo gets higher.

15.

The density of a material is expressed as volume divided by mass.

Completion
Complete each statement.
16.

Maple syrup sinks in water because maple syrup is more
than water.

------------------

17.
A wooden block floats both in water, which has a density of 1.0 glcm3 and in
corn oil, which has a density of 1.38 glcm3 • Less of the wooden block will be submerged in
the _________________
If you slowly pour out a mixture of metallic gold, dirt, and water, the gold
18.
will sink and remain behind because of its high - - --------------19.

The unit used to measure density is a unit of mass divided by a unit of

Short Answer
Use the diagram to answer each question.
Densities of Some Common Substances
Substance

Density (glmL)

Air

0.0013

Gasoline

0.7

Wood (oak)

0.85

Water (ice)

0.9

Water (liquid)

1.0

Aluminum

2.7

Steel

7.8

Silver

10.5

Lead

11.3

Mercury

13.5

Gold

19.3
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20.

How does the density of liquid water compare with the density of ice?

If samples of silver and lead each had volumes equal to 1 mL, which would
21.
have the greater mass, and how much would the difference in the masses be?

22.

If gasoline is poured carefully into liquid water, will it sink or float? Explain

why.

23.
A 54-gram sample of an unknown material has a volume equal to 20 mL.
Based on its density, could the sample be aluminum?

24.

What is the mass of 150 mL of liquid water? Explain.

25.
If a sample of a material has a mass of 21 grams and a volume equal to 2 mL,
could it be one of the substances listed in the table? Explain.
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Appendix C: Student Survey
Survey/Questionnaire on the Science Lab Environment & Writing
Please answer the following questions about this chemistry unit and the
lab environment to the best of your ability. Be as detailed as needed.
Thank you!

1. If I had a rectangular block, describe how I would find its density?

2. How would I find the density of an irregularly shaped object, such as a rock?

3. Describe how density is related to whether an object floats or sinks in water.
Use examples in your answer.

4. Ifl followed you around during a density lab activity, describe what I would
see.

5. How do you feel you worked with your small group in the lab activities?
Describe your own role in the lab activity.
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6. Describe what you learned about density during the density unit.

7. What activities in the unit do you think helped you learn about density most?

8. What did you remember most about the activities we did during the density
unit?

9. On a scale of 1-5, rate the following activities: (1 being the lowest, 5 being the
highest) Give a short explanation after each on why you gave the activity the
score that you chose.

Volume Lab: _ __ Explanation:

Mass Lab: ___ Explanation:

Mystery Canisters Lab:

Float or Sink Lab:

Explanation:

Explanation:

10. Describe how you used writing to communicate your lab results.
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11. Did writing the lab report help you remember concepts from the lab? Why or
why not?

