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1. Synopsis

a. Purpose and Anticipated Student Learning Gains: The purpose of this project was to develop the
critical thinking abilities of students taking BlO 305, Introductory Genetics, by enhancing current
laboratory research projects. Students complete three major laboratory reports, written in the style of a
scientific journal article, based on three different multi-week experiments. The goal of the project was
to complete the lab projects as normal but to increase the focus on critical thinking by explicitly
including a critical thinking component in the directions, rubric, and grading of the lab reports. It was
anticipated that students would gain a better understanding of critical thinking and how to use those
skills when writing lab reports by the time they wrote their third report of the semester.

b. Brief Summary of Method: Student’s critical thinking abilities can be assessed based on their ability
to gather their research data (pieces of evidence) and use them to draw relevant, reliable conclusions.
This project contained two components. The first involved developing an formative rubric based on the
college-wide critical thinking rubric, but tailored to analysis of laboratory data, along with redoing the
scientific paper directions and grading rubric to explicitly tie to critical thinking. These rubrics and
directions were explained to students and used to grade their three laboratory reports in both sections
A and B. The scores on the reports were compared over time to see if use of the rubric improved critical
thinking abilities. Additionally, small critical thinking assignments were used during lab time in section A
but not in section B. The scores on the lab reports were then compared between the two sections to see
if inclusion of these exercises, on top of the explicit directions and rubric, had an effect on the lab report
scores.

c. Hypotheses/Assumptions Inherent in Method: My hypothesis was that the first step in enhancing
students’ critical thinking abilities is to ensure they understand what is expected of them to be
successful critical thinkers. By providing instruction in the form of in-class activities, explicit directions
emphasizing critical thinking and a formative rubric specifically geared to critical thinking in a laboratory
we can begin to increase students’ abilities to think critically when analyzing and explaining laboratory
data.

2. Implementation Details

a. Instructor Preparation Requirements: In order to complete this project my first task was to rewrite
the directions for the assignment and to develop a critical thinking rubric, I spent the majority of the
time wording the rubric to ensure that it followed the college’s definition of critical thinking and the
style of the campus formative critical thinking rubric, while at the same time using terminology and
concepts that are specific to a scientific laboratory project. Additionally I redid the current grading rubric
for scientific journal article style lab reports to use similar terminology when used in conjunction with
the critical thinking rubric. The directions and grading rubrics developed are attached at the end of this
report. The second task was to develop a series of critical thinking assignments to use in section A.
These assignments consisted of statements I developed which I provided to students as the claim they
were making. The statements developed were tied to the current topics we were discussing either in
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lecture or lab. The last task involved using the newly developed critical thinking rubric on the lab reports
from last year’s genetics class. This was to be the control comparison group of students who had no
received any specific directions or rubrics focused on critical thinking. These scores were compared to
the current class once the semester was over to determine if having the explicit directions improved
students’ lab reports.

b. Classroom Activities: The first in-class activity was to go over the directions and the two rubrics
during lab time. We discussed what critical thinking was, how the rubrics would be used and what the
rubrics meant. While not truly an activity I thought this was an important part of the project because it
ensured that students had seen and read the materials and had a chance to ask questions about them.
We also did five critical thinking activities during lab time throughout the semester. Students were asked
to bring their laptops with them and the activity required them to find a single primary scientific article
that either supported or refuted a statement I gave them. The purpose was for the students to learn the
difference between a claim (the statement I provided) and the evidence that supported that claim (the
data they found in primary source). They then needed to write up what the source was, the data they
found, and why that supported/refuted the claim. An example of a claim given was “CMOs should be
labeled on packaging because they are dangerous for human consumption”. These activities were
completed in section A but not section B. Additionally, students collected their data (pieces of evidence)
for all lab exercises during lab time.

c. Out of Class Activities and Expectations for Students: After collecting their data in class students
were expected to complete their lab report individually outside of class time. They were given 2-3 weeks
after the completion of the in-class data collection to work on these assignments. Lab reports were
expected to be written in the style of a scientific journal article including abstract, introduction,
methods, results, discussion, and references sections. The students were expected to do outside
research to obtain the background material for their introduction section. Additionally the results
needed to be expressed in text and figures and analyzed in the discussion section. The critical thinking
assessment focused mainly on the results and discussion components of the lab report where students
were expected to present their pieces of evidence as results and then use those to back up claims they
made during their analysis in the discussion. It was stressed that the results did not need to be correct
but that they were graded on their ability to analyze and interpret the results.

3. Assessment of Student Learning Gains

a. Method(s) of Assessment: Student lab reports were grading using the scientific journal rubric (75% of
their grade) and the critical thinking rubric (25% of their grade) however only the critical thinking rubric
scores were used for this assessment. Student reports were assessed a 1-5 score for each of three rubric
categories. In-class activities were not graded for correctness, just for completion so those were not
used as an overall assessment. The rubric scores on the three lab reports were averaged for section A
and section B and compared from lab report to lab report as well as compared between the two
sections. Additionally, the critical thinking rubric was used to score the three lab reports from last year’s
genetics class and those scores were compared to the average of the current semester’s students. Only
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the results and discussion sections were reread to be scored, and only the critical thinking rubric was
used, as these did not need to be re-graded to be assessed. The comparison of the lab reports from last
year and this year, as well as the lab reports over time, allowed me to assess the effect of the directions
and grading rubric on student critical thinking abilities, while comparison of section A and B allowed me
to assess the effect of including in-class assignments along with the directions and rubric.

b. Results of Assessment:
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The three graphs to the right report the average

rubric scores for each lab report over the course of

the semester. Each graph represents the average

score in one rubric category and the three plotted

lines compare the trending change in scores between

this current 2013 section A, 2013 section B, and the

pa5t 2012 sections of genetics.

From the graphs you can see that there was not

major difference in the rubric scores between the

2013 sections A and B. This indicates that the use of

the critical thinking in-class assignments did not seem

to influence student performance on the laboratory

reports. While section A may be slightly higher than

section B the difference is not great enough to

indicate statistical significance. However, we do

observe a slight trend in increasing rubric scores in all

categories from the first lab report to the last lab

report. This trend is observed in the 2013 sections

but not in the 2012 section.

c. Lessons Learned from Assessment:

The comparison of the 2012 to 2013 rubric scores

suggests that frequent use of the critical thinking rubric to
provide feedback can lead to small improvements in the

- -

- critical thinking abilities students demonstrate when

Lab 3 writing their lab reports. Unfortunately the first lab of the

9,-‘4
0

C
U
U,
‘I
I-
.0
3

9,4
‘-I

03
I

0

.0

0

I Section A
—•— Section B - - -

2012 class

Labi Lab2
semester is the most difficult lab to analyze so it is possible that the increasing trend was due to
increasing ease of the assignment, however if that was the case the same trend would have been
expected in 2012 as well. While the in-class assignments did not seem to have much effect, I think that
continued exposure to the rubric along with feedback about why they were not demonstrating critical
thinking helped students improve the process throughout the semester.
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Upon further examination of the in-class assignments I think these could be redesigned to better serve
their purpose. I like the purpose of the assignments in that the students had to explore the primary
literature, however they could be redesigned to be more related to analyzing experimental data, as that
is what they are being asked to do in the lab reports. These may be redesigned to include a mixture of
activities next year.

4. Description of Technology or Other Specialized Materials Required

There was no technology necessary for this project other than the equipment necessary to run

the laboratory exercises, however those were just a tool for completing the project and not the

focus of the project itself. The major materials needed were the directions and rubrics that

were provided to students in the first few weeks of the semester. The rubrics that were

provided to students can be found at the end of this proposal.

5. Availability of Necessary Equipment, Training, or Resources

There is no special equipment needed, the only resource requires is access to the rubrics, If the

critical thinking lab rubric is to be adopted across numerous courses and professors then a

training session on how to use it may be beneficial. This will ensure that students get similar

expectations and evaluations when different professors provide them the same rubric

feedback.
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Rubric for Presenting Arguments in your Scientific Journal Article

Below is a modified form of’ Fernim College’s formative critical thinking rubric that is meant to assess a

student’s ability to present an argument. i.e.. to provide “good” reasons for a proffered claim. It has been

modified so that you can understand exactly what is involved in when tising critical thinking to analyze

and write—tip your dma following a completed experiment. In a laboratory report the argument(s) you are

presenting have to do with what your conclusions are regarding your experiments. In order to draw

intelligent conclusions and have others agree with those conclusions you must first present your

experimental data, these are the reasons for your claim. A college level laboratoiy report that is based on

critical thinking will present and analyze
draw conclusions based on those observed data (your profiCred claim).

the data clearly and intelligently (provide “good” reasons) and

Re Ic van cc
of the
reasons to
the claim

The data collected from
laboratory experiments are
presented in the results
section. These data are
complete and contain proper
controls and statistical
analysis. Additionally the
data is presented both in
graphical and text form,
with the graphical data
being easy to interpret and

integrated with in the text.
The student is able to draw
conclusions based on the
research perliarined and
these conclusions are staled
clearly and concisely in the
discussion section.

Ihe conclusions drawn by
the student are supported by

the data presented. [he

student specifically refers
back to individual pieces of
data as evidence to hack up
their conclusion, making

clear, intelligent
connections between the
results and the conclusions,

The data collected from

laboratory experiments are
presented in the results

section. These data are
complete however they lack
explanation of the controls
and/or the statistical analysis.
Additionally figures are

present hut they do not
integrate with the text and may
not help the reader understand
the data.

The student attetnpts to draw
conclusions based on the
research performed. The
conclusions are stated in the

discussion but they are not

clearly written or the reader in
unsure if they are the

conclusions.

l’he student attempts to draw

their conclusions based on

their data. however the
conclusions are not quite

related or are based on

inaccurate analysis of the data.
There are connections made
bet veen the results and the
conclitsions hut those

connections are weak or

inaccurate,

The data collected toni
laboratory experiments
are presented in the
results section. However.
these data are incomplete

and explanation of the
controls and/or the

statistical analysis. If
figures are present they
are poorly done and
difficult to interpret.

The student does not

draw any conclusions,
they merely present their
data hut do not attempt to
identify what the data
mean.

‘ftc student does not refer
to their data when making
their conclusions. ‘the
reader is unable to discern
how the conclusiotis are
related to the data or how

the data support those

conc I us ions.

Providing

Reasons

Developed College Level Emerging College Level SkiM Underdeveloped College
Skill Level Skill

Stating a

claim
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Necessary Components of a Scientific Journal Style Laboratory Report

It is important when doing scientific research that you are able to disseminate ‘our data alier you perform your
experiments.A scientist must he able to share their findinizs with others so that it can be tested and critiqued in order
lbr the scientific field to progress. Below is a generalized rubric that explains the 6 necessary sections of a scientific
journal article and what is expected to be included in an Advanced (A). Intermediate (B/C). or Seeds Improvement
(D/F) paper.

All experimental protocols
are described in
appropriate detail
necessary br someone in
the field. The work is
organized by headings so
the reader can easily
follow the dilThrent
methods used.
All results are stated and
depicted in figures that are
complete and easy to
understand. Figures and
tables have been designed
well and supplement the
written work.
Intelligent and thoughtful
conclusions are drawn
from the results. Critical
thinkinL skills are clearly
on display (see Cf rubric)
Hypotheses about fttture
work or uses of the data
are given.

Key experimental
protocols are described
however there is too little
detail or select
experiments are omitted.
Alternatively the section
has too much detail and
reads like a step-by-step
ppcedureftiranovice. -

Most results are stated and
depicted in figures.
however some figures may
he incomplete or difficult
to decipher.

Conclusions are drawn
from the data and
hypotheses are made
however it is clear tnore
thought was necessary to
make meaningful
inferences. It is evident the
student is trying to involve
critical thinking skills but
they still need to he

Some experimental
protocols are mentioned
bitt key experiments are
omitted. The work is not
organized into tiecessary
headings.

Some results are stated but
some are clearly missing.
Additionally, not all the
data are depicted in figures
or figures are difficult to
read and understand.

Coticlitsions are written
however their relationship
to the data is di lTicul (to
determine. No attempt is
made to hypothesize about
future work.

It is clear there is a lot of
infortnation that remains
itn-cited in the text.
References are missing or
style is not consistent
ihrottghout the paper.

! Advanced Intermediate Needs Improvement
The work is summarized The work is summarized The abstract does not
concisely and describes cotnpletely however it is adequately explain to the
what was studied, how it very wordy and contains reader what will he

Ak was stttdied, and key more inlbrmation than discussed in the paper. The
stract results are given, necessary. Alternatively work may leave out a

the work is concise but nutiiber of necessary
one of (he three key components.
components is omitted.

Key background Background is given Background inlbrmation is
inlbrmation is provided so however more detail is stated however it does not
that [lie reader can easily necessary or key sttbjects seetn to relate to the topic

Introduction understand the methods, are not discussed so (hat and the reader is unable to
results, and discussion (lie reader has difficulty understand many parts of
sections. with select pans of the the remainder of the

. remainder of the article, article.

Methods

Results

Discussion

References

developed.
All necessary information Most ttecessarv
is cited in the text and the in tbrniation is cited in the
appropriate reftsences are text and appropriate
listed. Reference style references are listed.
remains consistent Reference style remains
throughout (lie paper. consistent throughout the

paper.
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