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ABSTRACT

Laboratory experiments have been used by science educators for over two
centuries. This is primarily due to the fact that laboratory experiments play a
fundamental role in the education of a science student. Laboratory experiments help
students learn science concepts in straight forward hands on ways. They expose students
to methods and skills and use practical means to elucidate science concepts. Science
educators face several hurdles in making the laboratory experiment a useful educational
tool.

The first and most obvious issue is picking an experiment which will allow
students to master science content. Creating the perfect experiment to instruct students
can be a daunting task. That being said there are many ‘classic’ labs which educators
have used over the years which often fit the bill. After using the correct experiment
science educators are then challenged to accurately assess their student’s performance.
More often than not this means using a standard type written lab report. This is the same
old tried and true document that we have all created. It is usually based on a rubric and is
normally written well after the experiment itself, well after the particulars are perhaps
forgotten.

My action research project measured the effectiveness of a typewritten lab report
against a well structured science notebook as an assessment tool. A series of laboratory
experiments was used to measure the usefulness of the two assessment strategies. Forty
two students from New Fairfield High School participated in the study. Attitude surveys,
post lab quizzes, exit tickets and several interviews were conducted and the results
compared.

The results indicated that both assessment tools allowed students to master
science content. The results suggested that the students did enjoyed using a science
notebook because it allowed them to organize their ideas. Based upon the results of this
project it is my intention to assess lab reports in the future using a combination of both
approaches.



INTRODUCTION AND BACKGROUND

For the past seven years | have been teaching physics to eleventh and twelve
graders at New Fairfield High School. The school enrolls about one thousand students
annually. It is located in the northwestern portion of Connecticut in a semi-rural
community. The town itself cannot be classified as either rural or suburban. The
population of the school is over ninety five percent Caucasian. The community can be
considered middle to upper middle class. There is very little racial diversity, over ninety
percent of the graduates attend college. Physics is an elective course which most honors
students take either in their junior or senior years. Although an elective, from the
student’s point of view, physics is a required course. Our guidance department
encourages the course because they feel that colleges want to see a physics course on a
student’s transcript.

The students participate in many hands on learning activities throughout the year
in honors physics. These can be open ended laboratory experiments, worksheet driven
laboratory experiments, and performance based lab assessments. Several of these
laboratory experiments will be formal. For a formal lab experiment the students are
expected to submit a typed lab report. The report is generally written in Microsoft word
and submitted electronically. These formal lab reports are due about a week and a half
after the actual experiment is performed. The students generally do not work on their
formal lab reports until just before they are due. This may cause many of the specifics of
the experiment itself to be forgotten and can lead to poorly written conclusions. The

students also tend to write their hypothesis and introduction after the experiment. This



often leads a hypothesis which is correct because of the data. Often students tend to write

their hypothesis based on the data rather than before the experiment.

Focus Question

Throughout the school year these students were assessed on their formal lab
experiments with a standard lab report rubric. The goal of this project was to measure the
effects of replacing this report with a well written and detailed lab notebook. My
research project addressed the following question: Is a lab notebook a more effective
assessment tool than a lab report? In order to answer this question I chose to first
determine if a traditional lab report was an effective tool for the mastery of science
content. In addition, | wanted to determine if a well structured lab notebook was an
effective tool for the mastery of science content. It was also my intent to determine

which assessment tool the students preferred and why.

CONCEPTUAL FRAMEWORK

Science laboratory experiments have the ability to teach science content and
scientific processes to students in a meaningful way. Laboratory experiments are hands-
on and student-centered activities. If students are not doing hands-on science, they are
not really doing science. There is an ancient proverb: “I hear and | forget, | see and |
remember, | do and I understand.” Clearly the laboratory experiment is the “do and
understand” part. The difficulty as educators becomes how to create, administer, and

assess science laboratories. This can be a daunting task.



A review of the literature suggests laboratory experiences are often ineffective
and must change. They need to support meaningful learning about both the scientific
processes and concepts (Perkins-Gough, 2006). The results of large studies paint a dire
picture of our current situation. The National Research Council reported (Singer, Hilton,
& Schwiengruber, 2005) that the quality of current science laboratory experience is poor
for most students. In the same report, they stated, "Most people in this country lack the
basic understanding of science that they need to make informed decisions about the many
scientific issues affecting their lives” (Singer et al., 2005, p. 514).

The ineffectiveness of a student’s laboratory experience will show itself most
notably in their lab reports. Again, the literature continues to paint a dark image.

Smaller studies indicate that lab reports are often poorly written and the conclusions
drawn by students lack clarity. (Porter et al., 2010) found lab reports of consistently poor
quality. Students’ inferences in their conclusions lacked support from their data. The
teachers in this study initially suspected that this was due to issues with compositional
skills and noted that “students were able to answer prompted questions about specific
labs, but did not show the same level of understanding in their lab report conclusions”
(Porter et al., 2010). Eventually the focus of the study shifted to improving the students’
data analysis skills. The teachers did this by asking a fundamental question. They wanted
to know how the degree of instructional support would affect the quality of data analysis
and writing in their lab conclusions. The lack of data analysis skills is only a minor part
of the overall problem. Aurora (2010) found that problems occur when lab reports are
given as a homework assignment. He found that the students make mistakes in their data

analysis. These mistakes often led to mistakes in conclusions, and unclear disorganized



graphs. The errors often led to the conclusion that the student failed to understand the
experiment. Plagiarism was also common.

My science department follows a guideline as to how labs should be written and
submitted. There is a standard rubric which is common to all science courses and is given
to each student. There is also a flexible time period in which the lab must be completed.
Often the lag between the date the lab was performed and when it was written can be
close to two weeks. | believe this lag contributes to the poor quality of lab reports.

Science notebooks, which are generated by the students during the laboratory
experiment, might provide a solution. Mckenzie and Gardner (2006) stated:

By providing our students with meaningful writing experiences, we give them the

chance to have a more enhanced learning experience and to become members of a

thinking society. The simple act of writing more than data on a lab sheet can

allow students to link content and scientific methods (p.326).

The science notebook provides the structure around which the student can learn
the process of science. Roberson and Lankford ( 2010) noted that lab notebooks can
provide students “authentic experiences” as they become active participants in the
process. It goes on to say that teachers can gain an insight into the students
understanding and that the student can experience a lasting personal connection. Butler
and Nesbit (2008) agreed and went on to state that notebooks increase a student’s science
skills and help them to become “science communicators”.

The process of using science notebooks is not without its own set of challenges.
They must be properly written, clear, and concise. “While the merits of a well-kept lab

notebook are universally embraced, the structure of a university lab course is rarely



conducive to the spontaneous development of these skills. Accustomed to lab manuals
that provide detailed and explicit step-by-step instructions, even good students may come
to view labs as things you do” (MacNeil & Falconer, 2010, p. 703). The simple fact that
science notebooks are being written while the experiment is conducted under the
supervision of the teacher is significant. Any questions concerning variables, constants,
procedure etc. can be addressed immediately. This is in stark contrast to the student
having these same questions a week later when they are writing their lab report alone
with no support.

The goal then of the educator must be to first train the students as to how to create
a solid entry in their science notebook. MacNeil and Falconer (2010) found that it was
important to understand the need for explicit and complete lab notes and this skill
becomes increasingly necessary as students progress into more self-directed
investigation.

Rubrics can provide the structure between the student and the teacher to ensure
that the notebooks are of consistent quality. Butler and Nesbit (2008) agreed by saying
that a rubric can focus on the clarity of writing and the “completeness of scientific
content”. The rubric becomes the medium by which the student can gain an
understanding of what a well structured science notebook should look like. The rubric
must be created and structured around an exemplar science notebook entry. This
exemplar can be part of the student’s rubric.

An analysis of the research shows that the effective use of science notebooks can
lead to greater mastery of science content and scientific methods. They can replace the

traditional, formal, and typed lab report. They represent students doing hands-on, real



science. This action research project will try to determine if a properly written lab

notebook can outperform a traditional typed lab report.

METHODOLOGY

Project Design

The focus of my research project was to determine if a lab notebook was a more
effective assessment of what a student learns in a science laboratory as compared to a
traditional lab report. Will a student gain a better understanding of the course content by
using a lab notebook during an experiment rather than submitting a lab report after it?
The notebook was something that the student used during the actual lab itself rather than
a report they wrote after it. It is my belief that the time between the experiment and the
writing of the lab report creates confusion for the student. Confusion can also arise when
students share data after an experiment rather than keeping their own copy. This
confusion about the specifics of the lab experiment can lead to uncertainty when writing
their conclusion. An initial goal of my research project was to determine whether or not
a lab report was an effective tool to master science content. Another goal of my project
was to determine if a science notebook was an effective tool to master science content.
Finally I asked students which method they preferred and why.

Study Participants

The 42 students who participated in this study were 11" and 12" grade students at
New Fairfield High School (Table 1), with the majority being in the 12t grade. The

students selected comprised my Al and A3 honors physics courses. New Fairfield High



School uses a block scheduling system in which class is held every other day for eighty

two minutes. The students in these classes are primarily seniors which the exception of

several juniors as shown in Table 1. The students in this course are considered high

achievers and are taking honors physics as an elective. Most of the students have above

average math skills having taken Algebra Il prior to this class. Some of the students are

currently enrolled in Pre Calculus and others in Calculus. In general the classrooms are

well behaved with motivated students. The research methodology for this project

received an exemption by Montana State University's Institutional Review Board and

compliance for working with human subjects was maintained.

Table 1

Demographics by Subject

Class Subject | Number of | 11th 12" | Male | Female | Caucasian Other
Students Grade | Grade Ethnicity
Al Honors 18 11 7 13 5 18 0
Physics
A3 Honors 24 2 22 14 10 24 0
Physics

Intervention

The intervention consisted of two phases. The first phase was centered around

two mechanics based lab experiments. During this phase the students submitted two lab

reports electronically. The first experiment had students determine the coefficient of

static friction for an object rotating at constant speed on a turntable. The students varied

the distance the object was from the center of the turntable until it flew off the table. This

distance is critical to determining the maximum amount of frictional force and the




coefficient of static friction. The students were given a table of coefficients of friction for
different surfaces and had to hypothesize what the coefficient for the turntable surface
would be. They then performed the experiment, gathered data and calculated the
experimental coefficient between the two surfaces. The second experiment centered
around the Law of Conservation of Mechanical Energy. The students used a ballistic
pendulum apparatus to measure the kinetic and potential energy of a projectile. A spring
loaded gun was used to launch steel balls of varying mass at a catcher pendulum. The ball
embedded itself in the pendulum which then swung up to a final height. The final height
was then measured and the gravitational potential energy calculated. The students
hypothesis concerned the mass of the ball versus the final height the pendulum reached.
The data from phase one came from several different sources. The first was the
students’ performance on a traditional written lab report. The report was scored using the
New Fairfield Science Department Lab Rubric (Appendix A). The rubric is broken into
eight separate components each of which is scored on a scale of one to four. The students
scores from these reports can then be compared to the scores from the lab notebooks
during the second phase of the project. The rubric remained constant for both the lab
report and the notebook entries. The score from this rubric was the grade which the
student received for the lab. The second data source used was a lab quiz given after the
experiment. The quiz was given at the beginning of the class period following the day
the lab report was turned in. The third source of data was in the form of an exit ticket
(Appendix B). The exit ticket was consistently given at the end of each lab experiment
for the entire project. After the completion of the second experiment students were given

the physics lab survey (Appendix C) and the first set of interviews was performed



(Appendix E). During this phase of the project students did what they normal do in their
high school science lab. They worked in teams during the experiment and shared their
procedures and data. After finishing the experiment they were told when the lab report
was due and were told to follow the rubric (Appendix A) and to submit the report
electronically. They did not keep a lab notebook during the first two experiments. | noted
that more often than not one student keep the information for the entire lab group. Data
from the lab reports was keep in several places, the most common being either a
notebook or a single sheet of loose leaf.

The second phase of the project consisted of three separate lab experiments
centered around the simple pendulum. The goal for the students was to determine which
of three factors affected the period of a pendulum. They measured the effect of mass,
string length, and the release angle. The test of each variable was treated as separate lab
experiment with a separate notebook entry. This was done because the independent,
dependent, and control changed for each variable measured. During this phase of the
project their notebook entries replaced their lab report as the assessment tool. In order to
maintain consistency | chose to score the students notebook entries with the same lab
rubric as the first phase (Appendix A). Again to remain consistent | chose to follow the
lab experiment with an exit ticket and to give a quiz after the notebook was submitted.
After the third lab experiment in this phase both classes were given the lab notebook
survey in Appendix D and another set of interviews (Appendix E) were conducted.

Data Collection Methods

Table 2 provides a summary of the data collection techniques used for this

capstone project. In order to assess the effectiveness of both the lab report and the lab
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notebook | felt it was important that the two separate methods shared common scoring
strategies.

Table 2
Data Collection Techniques

Focus Question: Is a lab notebook a more effective assessment tool than a lab

report?

Sub questions Data Source

Sub question 1: Is a traditional Lab Report Post Exit Interview Post Lab
lab report an effective tool for Lab | Ticket Survey
mastery of science content? Quiz

Sub question 2: Is a well Lab Post Exit Interview Post Lab
structured lab notebook an Notebook Lab | Ticket Survey
effective tool for mastery of Quiz

science content?

Sub question 3: What is the Interview Opinion Post Lab
students’ view of which Survey Survey
assessment tool they prefer?

Lab Report

The students were asked to submit a typed lab report which was scored with the
lab rubric in Appendix A. The lab report was only collected for the two labs in the first
phase of the project. The rubric consists of eight separate categories which are scored on
a scale of one to four. The categories are as follows: Introduction, Problem Definition,
Hypothesis, Variable Identification, Procedure, Data, Conclusion and Real Life
Application. The students were generally given a week between the end of the
experiment and the date the lab report was due. The reports were written in MS Word ®
and submitted electronically.

Lab Notebook
Lab notebooks were collected after the three lab experiments in the second phase

of the project and graded based on the science rubric as described in Appendix A. The
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lab notebook will follow the same rubric as the lab report. This was done to ensure each
experiment is graded in the same fashion. The categories are as follows: Introduction,
Problem Definition, Hypothesis, Variable Identification, Procedure, Data, Conclusion
and Real Life Application.
Post Lab Quiz
Each lab experiment in the project, whether it used the report or notebook
approach, was followed with a short quiz. The quiz was administered at the beginning of

the next class period. The quiz assessed the main idea of the lab experiment.

Exit Ticket
Each lab experiment was followed by an exit ticket (Appendix B). The goal of
this ticket was to quickly determine what the student learned during the experiment, what
they did not understand and what additional questions they might have. The ticket also
asked the students if the lab experiment allowed them to better understand the units main
ideas. The ticket itself was short and simple and it gives valuable insight into students
comfort level with the units content.

Post Lab Survey Phase One

The first survey (Appendix C) was administered to every student from each of the
two sections of my honor physics course after the ballistic pendulum lab. It consisted of
six questions centered around the students perspective of the lab experiment and the lab
report. This survey was scored using a Likert scale with a rating of one to five from
strongly agree to strongly disagree.

Post Lab Survey Phase Two
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The second survey (Appendix D) was administered to every student from each of
the two sections of my honor physics course after the third pendulum experiment. It
consisted of thirteen questions centered around the students perspective of the lab
experiment, their opinions on lab notebooks and which of the two assessment types they
preferred. The questions were again scored on a Likert scale.

Interviews

Interviews were conducted at the end of each phase of the project. The first
interview (Appendix E) was given to three students from my period Al class and three
students from my A3 class. The students were chosen at random with equal gender
distributions. A second set of interviews was conducted at the end of the second phase of
the project (Appendix F). Another six students were interviewed, three from Al and
three from A3. The students were again chosen at random and with an equal gender
distribution. They did not match the original interviewees. This was done in order to get
as many opinions as possible rather than to track a select group of students. The only
commonality from the previous candidates was that the number of female and male
interviewees was kept the same. This allowed me to interview a total 12 students for the

project.

DATA AND ANALYSIS

This capstone project used a variety of qualitative and quantitative data sources in
order to answer the focus question and its three sub questions. The surveys, interviews,

quizzes, and lab assessments provided a diverse picture of how students learn science



13

from lab experiments. The data for the project came from two separate phases. Phase one
consisted of the traditional lab report and phase two from lab notebooks.
Lab Reports

Performance on lab reports constitutes forty percent of the students overall grade
for any given quarter. The students tend to take lab experiments seriously and enjoy the
practical application of the course content. Since only upper classmen participated in this
study the quality of their reports was generally high. This is due primarily to the fact that
they have been writing lab reports throughout their high school career following our
departmental rubric (Appendix A). The two lab reports from this stage were graded on a
twenty three point scale (Appendix A). The rubric addresses standard lab requirements
such as a problem statement, declaration of variables and constants, experimental
procedures, data tables, validity and drawing conclusions based on data from the
experiment. It also adds a section for the real life application of the science content. For
the centripetal force experiment students in A3 (M= 19.8, SD= 1.2) slightly outscored
Al(M=18.5, SD = 3.8). A total of five students from the group did not submit a lab
report and their scores were omitted from this study. The results suggested fairly strong
performance average 80% for Al and above average 86 % for A3. Several students
scored poorly because they did not follow the lab rubric and lost points for missing
content. For the ballistic pendulum experiment A1 (M=18.92, SD=5.4) again was lower
than A3 (M =21, SD =1.5). Although the scores are different it was not statistically
significant. These results are similar to the previous lab report. In general more students
followed the rubric and fewer, only one student in the entire study group, failed to hand

in the report. A qualitative look at the data shows that students were able to identify
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variables, validate their data and support that experiment with a strong conclusion. Their
conclusions cited data from the experiment to either support or invalidate their
hypothesis. Both the scores and the analysis of student work address sub question one,
“Is a traditional lab report an effective tool for the mastery of science content?” It
supports the lab report as effective because the students were able to show mastery over
the content of two major lab experiments covering two separate topics. They were able
to draw valid conclusions on their hypothesis and to use data from their experiments to
either support their hypothesis’s or nullify them. These results show support for sub
question one.
Lab Quizzes

A short five question quiz was administered to students the class period following
the day the lab report was submitted. Each question was worth a single point. Each quiz
had three concept questions and two questions in which lab data was given and the
students had to perform calculations. Table 3 below summarizes the student scores for

each assessment.

Table 3
Lab Quiz Scores (Total Score Five Points)

Experiment Class Mean Score Standard Deviation
Centripetal Force Lab Al 3.1 1.1
Centripetal Force Lab A3 3.0 0.7

Ballistic Pendulum Al 2.9 1.4
Ballistic Pendulum A3 4.0 1.1
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A glance at the quantitative data did not suggest any trends or shortcomings. The
scores themselves show average to above average performance. While the scores do not
show any trends, an analysis of the students answers did. | found that students made very
similar mistakes on the lab calculation questions. For example, with regard to the energy
transfer lab the students were given experimental data and were then asked to calculate
the kinetic and potential energy of the ballistic pendulum. Many of the students did not
use the correct mass of the pendulum when making their calculations. They did not
remember that the mass of the ball and the mass of the pendulum must be added to
correctly determine the gravitational potential energy of the system. This is in contrast to
their lab reports in which the majority of students did add the masses together. Sub
question one focuses on mastery of science content through the use of a lab report. While
these score do not represent mastery they do show proficiency. The major concepts from
each experiment were clearly understood. It was only minor details which were
forgotten.

Lab Survey

Immediately following the second lab quiz the students were given a six question

Likert scale survey (Appendix C) asking them to rank a series of questions from strongly

agree to strongly disagree. The results are given in Table 4.

Table 4
Lab Report Survey ( 1 — Strongly agree; 5- Strongly disagree)
Question Mean Standard Deviation
Score
| felt as if | had enough prior content knowledge to 1.79 0.89
complete this laboratory
| felt comfortable working towards the objectives of 1.67 0.81
this laboratory
The main idea of this laboratory experiment was clear 1.67 0.84
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to me

This laboratory experiment helped me to understand 1.79 0.86
the units content

| found it easy to recall the experiment’s details while 1.87 0.77
working on the lab report

The lab report helped me to understand the content of 1.85 0.87
this unit

The students responses from the survey offer further support for the conclusion
that a lab report is an effective tool for mastery of science content. The average score
from each of the questions was in the agree to strongly agree range. The students attitudes
show that a lab report is an effective tool for learning science content. It validates the
performance demonstrated on their lab reports. The students were able to recall specifics
from the experiment and it shows clearly that the report helped them to learn the content.

Exit Ticket

At the conclusion of both the centripetal motion and ballistic pendulum
experiments the students were given an exit ticket (Appendix B) to complete before the
end of the period. The ticket was a closure activity which allowed students to reflect on
what they understood and what they did not understand during the experiment. The
tickets were analyzed and sorted based upon common themes. For the centripetal force
experiment there was an almost unanimous consensus that the experiment allowed
students to see the connection of the material to real life. One of the students wrote,
“Physically working on the topic really helps me understand the core concepts. | learn
much more when | understand what is going on each step of the way, rather than just
memorizing the equations.” Of the turntable lab a student wrote, “It was easier to see the
actual static friction for this hands on lab rather than doing equations on paper. | was able

to see the friction happen.” Only three students in the overall study group felt as though
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they did not really understand what they were doing. Each of these students was in the
same lab group for the experiment. In general they were unsure how the lab related to the
units core content. One of the students commented, “I’m still confused about the content,
but once | write the conclusion | should understand it better”.

The results of the exit ticket for the ballistic pendulum lab were similar. In this
case the analysis of the tickets yielded a unanimous consensus that the lab helped the
students understand the conservation of energy in a hands on way. A student summed it
up with, “It helped me to really get to see the transfer of energy”. The exit tickets
showed that the lab itself was an effective tool but they do not directly address any of the
sub questions from this project.

Interviews

After the conclusion of the ballistic pendulum lab experiment the first round of
student interviews were conducted. The interviews took place during the students
advisory period. This is a twenty minute block similar to homeroom. For this phase of
the project a total of six students were interviewed. Two male students and one female
student from Al and two female and one male students participated from my A3. Each
student was asked to relax and answer each question (Appendix E) as honestly as
possible and was informed their answers might be quoted as part of my research project.
The results of the interviews were generally positive. Most students felt comfortable with
the lab content and with what they had to perform. They felt that they had the necessary
amount of prior content knowledge to be able to perform the experiment. This was
important for the research project because knowing the material shifts the focus to the

assessment tool rather than the content. Questions five through seven deal specifically
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with the lab report as an effective assessment tool. Question five asked students if they
found it difficult to remember specifics of the lab experiment while working on their lab
report. Five of the six students interviewed felt comfortable while writing the lab report.
They felt they had the data and that they knew how to analyze it. There was one notable
exception. Student A, a seventeen year old male, said, *“ we probably should have taken
notes about the specifics of the lab rather to just the data.” The results of this interview
question surprised me. It was my opinion that lab reports written well after the
experiment caused confusion for students. This idea is mostly observational and comes
from the fact that students generally work in groups during an experiment and do not
keep their own data tables and notes. They tend to share information after the experiment
is over. Surprisingly it did not lead to confusion in five of the six student who
participated in the interviews. In their opinion, the students who were interviewed were
able to recall specifics and were able to make sense of the lab data. The next question
from the interview asked students to discuss what difficulties they had when they worked
on their lab report. Again | anticipated difficulties with incomplete data or lack of detail.
This was not the case. The student responses supported the lab report. They felt they had
all the information required to successfully write their report. They had enough data
from the experiments to allow them to write a valid conclusion and address the validity of
their data. Student D illustrated this point by saying, “our data covered everything we
needed.” There was one exception to this trend. Student B, a sixteen year old female,
said, “ I did not use the rubric because I could not find it.” This exception does not add
much to answering sub question one . It only shows that this particular student was

unprepared.
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The overall theme which emerged from the interview process was that through the
lab report process the students were able to gather the correct data, analyze it, perform the
necessary calculations, and write valid conclusions. Their answers to interview questions
coupled with their actual performance on the lab report supported the conclusion that lab
reports appear to be an effective tool for mastering science content.

Lab Notebooks

Data from the three lab notebook entries is tabulated in Table 5 below. The
students were given a grade based on a twenty three point scale similar to the phase one
lab reports. The students were graded for three individual notebook entries. Each
notebook entry had a separate hypothesis, variable identification, control, procedure, data
and analysis section. Since their lab notebook entries covered three lab experiments the
grade was weighted three times more than a normal lab grade. The notebook entries were
scored on a twenty three point scale. This was done to ensure that the students followed
the same rubric as phase one. Students receive a maximum of four points for a problem
statement and hypothesis, three points for the declaration of variables and constants, three
points for the appropriate data and its presentations, three points for validating their data,

four points for a conclusion and finally three points for describing a real life application.

Table 5
Lab Notebook Scores ( Total Score 23 Points)
Experiment Class Mean Score Standard Deviation
Simple Pendulum Al 194 3.2

Simple Pendulum A3 18.9 4.6
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Overall the results showed a solid grasp of the main ideas of the lab and good
experimental technique. The three notebook scores from Table five were averaged. Al
(M=19.4, SD=3.2) scored an average of 84 percent, and A3 (M=18.9, SD=4.6) scored a
average of 82 percent. The experiment itself was challenging due to the fact that the
students had to measure the effect of three variables ; mass, string length, and release
angle on the period of pendulum and it was an open ended experiment. The students had
to decide how to measure the period, which variables they should keep constant and
which they should change. They also had to decide on how to increment mass, string
length, and release angle. The use of a lab notebook allowed students to organize three
separate lab experiments into a cohesive whole. An analysis of the students notebook
entries showed a methodical approach to the problems. The students treated the effect of
each variable as a separate experiment. They created a hypothesis, decided which
variable to change, and which to keep constant. They wrote a detailed procedure along
with diagrams of their pendulum setups to explain how they tested each variable. The
data was then tabulated. The conclusion, validity and application to real life section was
done after all of the experiments were completed. |1 am convinced that this methodical
approach ,which a science notebook encourages, allowed the students to master the
contents of this experiment and to understand how pendulums and other clock sources
work. The data from lab reports suggests mastery but there was also observational
evidence. What I saw during these lab experiments were students working separately
within the overall structure of a group. Students were engaged in the process. Students
were keeping their own notes, making sketches, and tabulating their own data. They

were really “doing science.” This observational evidence coupled with the strong scores
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and the fact that the students were able to determine which variable affects the period of a
pendulum shows strong support for sub question two “Is a well structured lab notebook
an effective tool for mastery of science content.”
Lab Quizzes

Another short five question quiz was administered to students the class period
following the day the science notebooks were submitted. Each question was worth a
single point. Each quiz had three concept questions and two questions in which lab data
was given and the students had to perform calculations. Table 6 below summarizes the

student scores for each assessment.

Table 6
Simple Pendulum Lab Quiz Scores
Experiment Class Mean Score Standard Deviation
Simple Pendulum Al 4.1 1.0
Simple Pendulum A3 4.4 1.7

A score of four out of a possible five points, which was the mean for both classes,
indicates that the students understood the main ideas of the experiment. This does not
directly support sub question two, “Is a well structured lab notebook an effective tool for
the mastery of science content?”, but it does suggest the notebook was helpful.

Exit Tickets

Exit tickets during this phase of the project were given to the students at the end

of the laboratory period. Once again tickets were reviewed and sorted based upon

common themes. For this experiment it was very evident that the students felt
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comfortable with what they had to do. One student commented, “This lab helped me to
understand how the length of string, release angle, and mass affected the period.” The
most frequent concern during the lab from the students perspective was wanting to know
exactly why mass, or amplitude did not affect the period of the pendulum. Some students
were unsure of the accuracy of their data. With regard to this a student commented, “I am
still confused why the mass made an incredibly small difference in the period.” Of
course mass does not influence the period of a pendulum. This student was just confused
by the accuracy of the data.

Notebook Survey

Immediately after being given the pendulum lab quiz the students were instructed
to fill out the notebook survey (Appendix D). Data for all of the students in the study is
tabulated in Table 7. A Likert scale was used for this survey. A value of one represents a
student who strongly agrees with the statement while a value of five represents a student
who strongly disagrees. Data for the overall results (M=2.52, SD=1.3) leans toward
support for the notebook assessment, but not convincingly. The mean of 2.5 is the
midway between undecided and agree. Question 9 (M=1.93, SD=1.19) asked the
students if the use of a notebook allowed them to write a better conclusion. The students
agreed strongly, however when asked directly which assessment tool they prefer, as in
question 13 (M=3.12, SD=1.29), they tended to favor the notebook. Sub question three,
“What is the students view of which assessment they prefer?, was not answered by this

survey. This data source was the most inconclusive of the project.
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Table 7
Notebook Survey( 1 — Strongly agree; 5- Strongly disagree)

Lab Notebook Questions Mean SD

1 | felt as if | had enough prior content knowledge to complete this laboratory 1.90 1.11

2 | felt comfortable working towards the objectives of this laboratory 1.71 1.21

3 The main idea of this laboratory experiment was clear to me 1.73 1.07

4 This laboratory experiment helped me to understand the units content 2.00 0.92

5 Using my notebook during this experiment was helpful 2.10 1.04

6 Working on a notebook during the experiment allowed me to achieve the 2.05 1.07
objectives of the lab easily

7 Working on a notebook during a lab experiment distracts me from the 3.83 1.07
experiment

8 My lab notebook helped me to understand the content of this experiment 2.32 0.85

9 Having written a hypothesis, variable statement, and procedure allows meto | 1.93 1.19
write a strong conclusion

10 | I find it difficult to remember details from the experiment when finishing 3.88 0.93
my lab notebook
Lab Report Questions

11 | Lab reports allow me to learn more effectively because I can work on them 2.93 1.08
on my own time

12 | I find it difficult to remember details from the experiment when finishing 3.27 1.06
my lab report

13 | | prefer lab reports to lab notebooks 3.12 1.29

Interviews

The second set of interviews (Appendix F) was again conducted during advisory

time. A total of six students were interviewed. Two females and one male were selected

from Al and two males and one female student from A3. These students were different

from the first set of interviews. This was done in order to get more students involved in

the interview process. This grouping of students allowed an overall even gender

distribution.

The lab notebook interviews were the strongest support for the notebook

acting as a better assessment tool than a lab report. The six students were unanimous in

their preference for the notebook. The general consensus was that a lab notebook

allowed them to have the data in front of them and allowed them to recall the specifics




24

and write a strong conclusion. A seventeen year old female student said, “everything is
right there, it is nice because if you forget something you don’t have to Facebook a friend
to get the data.” She went on to say, “ | hate lab reports, I hate typing them, I like the
notebook because it is easy to use.” Another female student commented, “ it is easier to
write a better conclusion and validity, because you have everything in front of you.” A
consistent theme which emerged during these interviews was organization. The student
responses showed that the notebook approach allowed them to organize information into
one place. They felt that with lab reports they had to share information rather than having
their own copy. With a notebook they were able to review exactly what they had done
during the experiment without having to ask a lab partner. From the students point of
view this made the process easier. Phrases like “manageable”, “less effort”, and
“comfortable * were often used by the interviewees. During the interview process I only
came across one negative comment. It came from a male student who showed support
for the notebook but did not like the amount of handwriting it required. “I prefer a lab
notebook except for the fact that I have to hand write everything.”

The theme running throughout each of these interviews during this phase of the
project was that a lab notebook allowed the students to better organize their data and
made the process of completing a lab easier and more enjoyable.

Opinion Survey

Following the conclusion of the data collection phase of the project a second short
opinion survey was given to 19 students from the original study. The idea for this survey
came from the discrepancy between the results of the Notebook Survey (Appendix D)

and the Notebook Interviews (Appendix F). The results of the original notebook survey
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showed no real preference between the two assessments while the interviews showed a
clear preference for the notebook. The final opinion survey consisted of four questions
which asked students which assessment method they preferred and why. Of the 19
students surveyed 16 chose the notebook and 3 chose the lab report. An analysis of the
student responses showed two main themes. Both themes came from the students who
preferred the notebook approach. The first theme was that a notebook allowed them to
be organized. This opinion came from 11 of the 16 students. The students felt that the
notebook was simpler and more organized than creating a type written lab report. The
second theme from the student responses had to do with working on the notebook during
the experiment. The idea here is that by waiting to work on the lab report some parts of
the experiment might be forgotten. The survey information again supports the notebook

as the preferred assessment.

INTERPRETATION AND CONCLUSION

This action research project was designed to determine if a lab notebook was a
more effective assessment tool than a lab report. It was also designed to determine which
assessment method the students preferred. Data was collected using a variety of sources
in order to answer the following three questions.

1. Lab Report as Proof of Content Mastery

The lab report was supported as a tool for the mastery of science content by three
of the four data sources. The students lab reports were well written with valid

hypothesis, clear identification of variables, and detailed conclusions. Analysis of post
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lab quizzes shows mastery of the main science concepts, while the survey results support
the use of this assessment to teach content.

2. Science Notebook as Proof of Content Mastery

The lab notebook was supported by all four of the data sources. It is particularly
well suited to open ended laboratory experiments similar to the one that was done in this
treatment. By having a notebook in front of them students were able to keep track of
multiple variables, make sketches, keep their own data tables, and write detailed
procedures. The students performance on post lab quizzes and their attitude surveys
further backed up this claim.

3. Student Assessment Preference

The question of which assessment type the students preferred proved to be a little
more difficult to answer. The interviews preformed at the end of the project were
unanimous in their support for the use of a lab notebook. All six of the students who
participated in the interview process would rather use a notebook than write a lab report.
The support was not only unanimous but convincing as well. The students were adamant
about the notebook. They felt that it was easier to organize their thoughts, the methods
they used and their results. This organization led them to write strong conclusions and to
remember specifics of the experiment.

The notebook survey performed at the end of the project contradicted the
interviews. In the survey the students were largely undecided as to which assessment
type they preferred. 42 students participated in this survey, yet when examined as a
whole their opinion was closer to undecided than supportive. | am unsure as to why this

occurred.



27

A final opinion survey given to 19 of the original participants showed a clear
preference for the notebook approach. The students who favored the notebook did so
primarily due to its ability to help organize their ideas. The students also preferred the
notebook because it was done in class during the lab and not something written after the
lab was completed.

In summary both the lab report and the lab notebook were shown to be valid tools
for the mastery of science content. My goal for this project was to determine if a lab
notebook was a more effective assessment tool than a lab report. The students who
participated in this treatment preferred the notebook approach because it organized their
work and allowed them to recall specifics from their lab experiments. A review of the
literature done prior to this study predicted this very outcome. Science notebooks allow

students to be organized self directed learners.

VALUE

I designed the timing of this capstone project so that the lab experiments would
allow the students to be exposed to both types of assessments in successive order. |
administered the quizzes, exit tickets, surveys and interviews for both assessment types in
a similar fashion. It was my hope that this would allow the students to make a clear
choice as to which assessment type they prefer. The results of this action research project
show that both approaches are valid and that both work. During the course of the project
I learned that action research projects are iterative. You design the project, implement it,
then realize it can be improved upon. This is similar to the teaching profession in general

in that it is a dynamic rather than static profession. Each class is different and there
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always seems to be a better way to teach a topic. For my project | could have used
experiments centered around content in which there was no instruction prior to the lab.
This would remove my instruction as a variable in the study. There are several physics
topics which can be learned through only a lab experiment such as Hooke” Law. A
student need only measure the stretch of a spring with different masses and then graph
the data. Hooke’s Law is just the equation of function they graphed, the equation of a
straight line. If | were to perform this project again | would choose only these stand alone
experiments.

Based upon results of the educational literature 1 was convinced that the outcome
of this capstone project would favor the notebook approach. The data from the overall
groups notebook survey was not convincing. It did not show which method the students
favored. However the opinion survey and the interviews showed overwhelming support
for the notebook approach. Watching my students work during a lab experiment with a
notebook made me feel they were really doing science. The use of a notebook forced
them to be systematic, and focused on details. It allowed them to sketch their ideas and
to record data and to create detailed procedures. It looked like the students were doing
real science with a very good results.

There was one disadvantage to the notebook approach which | did not foresee and
that was time. Using a notebook for a lab experiment required more class time. | would
estimate that it was double the time for a normal physics lab. That is two class periods
instead of one. The use of a science notebook for lab experiments over the course of

typical school year would reduce the amount of material which can be covered.
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In conclusion this capstone project has made a positive change to my teaching. It
has validated the use of lab reports and has exposed me to the merits of science
notebooks. Next year | plan on combining both approaches. During lab experiments
each student will use a notebook for the problem statement, hypothesis, procedure, and
data tables. This will allow them to worked individually and to work in an organized
fashion. They will then submit a type written conclusion, validity and real life application

sections based on their notebook entries.
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Appendix A

Lab Report Rubric
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MName Title of Lab

NFHS Science Department Inguiry-Bazed Grading Eubric

Acmal  Self

FEOBLEAL DEFINITION

« The problem and 2 testablz hypotiesss are stated clearly. Hypothesis reflects problem and 4
ratipmale 15 providad.

« The problem and 2 testablz ypotiests are stated clearly. Hypothesis reflects problem. 3

« The problem and 2 testable hypothests are stated adequately. Hypothests shows [mited 2
reflection of problzm

« The problem and a testabls hypothests are poarly sated 1

& The statersnt of the proflem s very mited or possing altogsther O

VARTART F IDENTIFTICATION

= Clear and accurate idenfification of mdepemdent, dependent, and constant vanables. 3

«  Clear and acourate idenification of at least twe vanables 2

«  Clear and accurate idenfification of at least ons variable. 1

& Idemmfication of varables i3 missing or inaccurate. i

EXPERTWMENTATL DESIGN

» The expermental desize manches the stated probleny. The procedures are clear, complste and 3
replicablz. A contmal is incladed when approgmiate

« The expermental design zenerally mafches the stated problem. Procedures are generally 2
complate. Minor modifications or clanifications may be nsedad A cootred is not mclnded when
ApTTOpIiAte.

= The expenimental design maiches the siated problem to some extent. Procedures are incomplete. | ¢
Major modificatons or clanfcations may be neaded

¢ The expenmental desizn does not maich the sated profblam, i3 very incomplets or wissing 0

DATA PEESENTATION

« Duata are well orgamized and presemed in 2n appropriate data table and zraph inclodimg fife, 3
Laels and wmets of maasuze.

« Duata are orgamized and presented in an appropriate data table and sraph minor cméssiomns. 2

« Duatatable and praph are poorly arganized or one bas been oritted 1

o Duaia are very poorly orgamized o presentad in an mappropriate manmsr of missing atogethar 0

CONCLUSIONS

« Copochesioms are related to the stted problem and bypothess and suppored by data and 4
sCEnEdic conospts.

« Copnchesioms are related o the stated problem and bypothesis and suppomed by data 3

«  Cpochesions are genetally relared o the smted problem apd hypothesis and supparted by darate | 2
a lirmited extent. Minor emmors m méerpretaton of results may be present

«  Cpochesioms are relased o the siated problam and poodly supported by data to a limited extent 1
Major emrors M mierpretation of resulls may be present

& Conchesioms are not related o the stared problemy, not suppectsd by dam or are ndssing. 0

VALTDTTY

o Validity s discussed i terms of what was doce and could have been done to make the 3
experiment mare vakd

«  Discussion of validity of conclnsion ts limitad. 2

= Thers is lade dsrussion of validiny of conclusion:. 1

&  Thers is no discussion of validiny of conciusions, 0

Eeal-Life Application

= Copnection is made and clearly explained 3

» Copnection is made bar explanation is lonted 2

= Thera 1z litfle disowssion of copnection and'or explanation 1

= Thers i3 oo Beal-Life comnection made 0

Total Points Beceived Total Pownts Possibla = 13 Grade
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APPENDIX B

EXIT TICKET

Appendix B
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Exit Ticket

Name: Date:
Exit Ticket

1. How did this laboratory experiment help you understand the content of this unit?

2. One thing which I am still confused about................cooiii i,

3. One thing which became clearer today iS.........cooviiii i

4. Optional Question
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APPENDIX C

PHYSICS LAB REPORT SURVEY

Appendix C
Physic lab Report Survey

1. Strongly agree 2. Agree 3. Undecided 4. Disagree 5. Strongly Disagree
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Male Female Age:

1 | I feltas if I had enough prior content knowledge to complete this
laboratory

2 | | felt comfortable working towards the objectives of this laboratory

3 | The main idea of this laboratory experiment was clear to me

4 | This laboratory experiment helped me to understand the units
content

5 | I found it easy to recall the experiments details while working on
the lab report

6 | The lab report helped me to understand the content of this unit
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APPENDIX D

PHYSICS NOTEBOOK SURVEY

Appendix D
Physics Notebook Survey

1. Strongly agree 2. Agree 3. Undecided 4. Disagree 5. Strongly Disagree
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Male Female Age:

Lab Notebook Questions

1 | I feltas if I had enough prior content knowledge to complete this
laboratory

2 | | felt comfortable working towards the objectives of this laboratory

3 | The main idea of this laboratory experiment was clear to me

4 | This laboratory experiment helped me to understand the units
content

5 | Using my notebook during this experiment was helpful

6 | Working on a notebook during the experiment allowed me to
achieve the objectives of the lab easily

7 | Working on a notebook during a lab experiment distracts me from
the experiment

8 | My lab notebook helped me to understand the content of this
experiment

9 | Having written a hypothesis, variable statement, and procedure
allows me to write a strong conclusion

10 | I find it difficult to remember details from the experiment when
finishing my lab notebook
Lab Report Questions

11 | Lab reports allow me to learn more effectively because | can work
on them on my own time

12 | | find it difficult to remember details from the experiment when
finishing my lab report

13 | | prefer lab reports to lab notebooks
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APPENDIX E

POST LAB REPORT INTERVIEW QUESTIONS
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Appendix E
Post Lab Report Interview Questions
. Did you feel comfortable with the content of today’s lab experiment?
. Can you elaborate on any of the concepts which confused you?
. Can you elaborate on any of the concepts which you understood well?
. Did you think this lab was relevant to understanding the units overall theme?
. The next few questions have to do with the lab report itself. Did you find it difficult to
recall the specifics of the experiment while you were working on your lab report?
. Please elaborate on any difficulties you had while writing your report?

. Do you feel that the lab report itself helped you to understand the unit’s main ideas?
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APPENDIX F

NOTEBOOK INTERVIEW QUESTIONS
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Appendix F
Notebook Interview Questions
. Did you feel comfortable with the content of today’s lab experiment?
. Can you elaborate on any of the concepts which confused you?
. Can you elaborate on any of the concepts which you understood well?
. Did you think this lab was relevant to understanding the units overall theme?
. The next few questions have to do with your lab notebook. Was it helpful to keep a
notebook during this experiment? Why?
. Did a lab notebook allow you to recall the specifics of the lab experiment?
. Do you feel that your notebook entry for this experiment helped you to understand the
unit’s main ideas?
. For the past five labs experiments we have used two different assessments. The first
was a lab report and the second a lab notebook. Can you address which you prefer

and why? Please elaborate think about how it helped you learn the unit’s main ideas.
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APPENDIX G

OPINION SURVEY

Appendix G

Opinion Survey
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. Have you ever used a laboratory notebook outside of this class?

. If you answered yes to the above question please describe when and for how long?

. If you were given a choice during a laboratory experiment would you rather use a lab
notebook or a lab report?

. Please describe the reasons for your choice from question 3?
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