Writing Assignment: Double-Y Plots

Previously you have learned how to use Microsoft Excel™ to make figures of publishable quality. In this exercise, you will apply this knowledge to a new kind of graph. This is a writing assignment; completion of this assignment is required of all.

In the Archaealogy & More laboratory exercise, you were supplied with a 2.5 mL broth culture of Halobacterium salinarium in a 12 x 75 mm transformation tube. The medium for this culture was Nutrient broth (5 g peptone and 3 g beef extract per liter, pH 7.0) supplemented with 250 g NaCl and 0.5 g MgSO4 • 7H2O per liter. The broth was autoclaved at 125°C for 20 minutes. After cooling and innoculation, the broth culture had been shaken at 1000 rpm in an Eppendorff Thermomixer R™ at 40°C for seven days prior to the laboratory exercise.

You prepared 1:1 serial dilutions of this culture in 13 x 100 mm culture tubes, using a BioRad™ 200-1000 µL pipettor fitted with sterile 1000µL pipette tips from USA Scientific™. Two mL of the same autoclaved broth was the diluent. After mixing each dilution in the series, the absorbance and transmittance of the dilution were measured in a Bausch and Lomb Spectronic 20™ spectrophotometer prior to making the next dilution in the series. The instrument was set to measure these values using 540 nm light and was calibrated with a blank 13 x 100 mm tube containing 4 mL of the sterile supplemented nutrient broth. The class results (compliments of M. Domenichini et al.) from 2009 are provided below as an example of a different table style. Please use your OWN data!

Table 1.
The effect of serial dilution on the optical properties of a broth culture of Halobacterium salinarium. Nutrient broth was supplemented with 250 g NaCl and 0.5 g MgSO4 • 7H2O per liter and the culture was incubated with continuous shaking at 40° C for 7 days. The optical properties were measured with a Bausch and Lomb Spectronic 20™ spectrophotometer.


Relative Cell
Absorbance
Percent Transmittance


Concentration 
at 540 nm
at 540 nm



0.5
0.40
40


0.25
0.24
57


0.125
0.14
72


0.0625
0.08
83


0.03125
0.05
89


It should be obvious to you that this is a different style for a table than you were taught to produce. This style is often used in formal publications because it is less “boxy” than the style you were taught. Each journal has its own style, which its authors must follow! However, the caption is still placed above the table. Please also notice that only critical details were used in the caption; some information in a laboratory protocol is less critical or is “standard practice” that does not need to be enumerated in the caption to be read by practicing scientists (the audience of the journal).

Raw data, such as those in the table above, are rarely considered worthy of publication in the form of a table. It is difficult for the reader to see or appreciate the relationships between and among the three variables. A journal editor would likely refuse to publish the table, and the journal reviewers would be far more appreciative of a figure rather than a table to show these data and their relationships.

The Project

Your mission is to use Microsoft Excel™ to produce a single figure to clearly show the relationships between these three variables. The kind of chart you need to create is a scatter plot with two different y-axes. Which of the variables should be on the x-axis? Obviously, it is the independent variable…the one you manipulated…you made dilutions. The other two variables are dependent variables; their values clearly depend upon the dilution of the organismal population that you made.

The two dependent variables need to be on the y-axes [sic]. The scales for these two variables are quite different…by about 100X. Therefore you would not be able to observe the relationship between both variables if they were plotted on just one axis scale (as we did for the hand width data earlier in the semester). So you need to create a double-y axis plot; there will be two y-axes in the final figure.

Enter your own group data from Archaealogy & More into Microsoft Excel™, select the data, and create a Scatter plot through the usual steps (remember: NEVER use the line-graph plot). The “default” chart that the software creates will probably have the correct variable on the x-axis, but will probably have the two dependent variables shown on the same y-axis. One of the data series (absorbance) is crunched down to the x-axis. This is the reason a second y-axis is needed!

Double-click (Mac) or right-click (PC) the transmittance series to format the series. You should find an “axis” tab in the dialog box. Select that tab, select the radio button for “secondary axis,” and click OK. Your figure should now show a second axis scale and the absorbance data markers should now be spread properly to reveal the relationships of all three variables.

Select the absorbance data series on the chart and make the software do a linear regression analysis and show the resulting equation and r2 parameter. Does the linear model fit these data very well? How can you tell? Be sure to round and edit properly!
Select the transmittance data series on the chart and make the software do a linear regression analysis and show the resulting equation and r2 parameter. Does the linear model fit these data as well as it did for the absorbance data? Delete the linear trendline for transmittance and its corresponding equation. Select the transmittance data series again on the chart and make the software do an exponential regression analysis and show the resulting equation and r2 parameter. Is this exponential model a better fit to the transmittance data than was the linear model? Again, how can you tell? Be sure to round and edit properly!
Since you have observed that absorbance has a direct linear relationship with concentration but transmittance does not, it is little wonder that scientists usually report spectrophotometer measurements as absorbance. However, in the laboratory, as careful scientists we chose to record both absorbance and transmittance…why? Clearly the %T scale is uniform on the analog meter and is therefore more likely to be accurately recorded. Recording both parameters in the lab provides the scientist with a good cross-check of the data later in analysis. One can compare the two values by applying one of two relationship formulae in Excel™:

A=2-log(T)  and/or  T=100*10^(-A)                   

Based on your experience in this course, you should know what to do next. You need to remember your model of Figure 4 from the Figuring Biological Data exercise. There are many quirks in the default graphics produced by Excel™ that must be corrected to make a figure that meets the specifications of professional journals in biology. You should now be a very good critical inspector of these features. So be sure to make the necessary corrections to remove “cute” 3D and color effects, remove shading and gridlines, round digits properly, and use bold lines, larger sans-serif fonts and standard symbols. Absorbance blocks light so maybe a dark square is intuitive. Transmittance means light goes through so an open circle might be good?
As another new learning opportunity, format the Transmittance axis scale to have fewer “tick marks” and numbers; recall that our target is 4-8 of these and we have 10 here so far. Set the major unit to 20. After clicking OK you should see that this axis scale now meets our specifications.

The Media Browser helps insert graphics font (Webdings, Wingdings, etc.) symbols (in black fill or no-fill outline) in the axis titles instead of cluttering up your graph with a “legend” or “key” inside the plot area. Remember how to make trendlines and equations associate properly. Remember too that a numbered figure caption to make the figure free-standing is required. Make sure your caption has all the features of its model(s) too! Hint: what is that "(s)" all about?

Writing Materials and Methods and Results

It is also time to start learning how to write two of the sections of a laboratory report.  Read the pertinent sections of Pechenik about the Materials and Methods and Results sections of a standard laboratory report. Using his description and guidelines, prepare a draft of these sections of a laboratory report. You need to follow those suggestions completely, but we comment here on just a few that are commonly missed by freshmen.

The Materials and Methods section does not start with a list of the materials that are needed for the project. The Materials and Methods section does not instruct the reader in what they should do, but instead informs the reader of what you did. So do not use imperative mood (do not give commands!)! [that sentence and its parenthetical are examples of imperative mood…the text inside this bracket is in indicative mood]. Moreover, you write in PAST tense (as opposed to present or future tenses). Passive voice (the indirect object was manipulated by the direct object) is commonly used but active voice (the direct object manipulated the indirect object) is increasingly preferred. The use of pronouns (I or we) is acceptable, but should not be over-used.

The Materials and Methods section can be subdivided with subheadings to allow modular references to “subroutines.” Since the culturing was done for you, those materials and methods might be in one subheading. A second subheading might describe the serial dilutions. A third might deal with spectrophotometry. Whether subheadings are used or not, multiple paragraphs are expected.

Essential details are included, but standard procedures such as labeling of tubes, pipetting techniques, how cultures are placed on a shelf in an incubator, calibrating procedure for instruments, etc. are assumed to be known by a reasonable scientist reader.

The Results section does NOT rehash the methods. It tells what the author observed and has call-outs to the figures the reader should be noticing as the author writes about the data and relationships observed (Fig. 1). Again, this text can be divided into paragraphs and under subheadings as needed. For our project here, there is just one process and one figure, so while there might be a paragraph on Absorbance and another on Transmittance relationships with concentration of organisms in the broth, you might not need subheadings. Data shown in a figure should not also be typed into the Results section! A laboratory report on a complex project might benefit from organization under subheadings!

The results section includes any figure(s) and table(s) with your data, but showing only figures and tables in this section is not acceptable. In the figure/table caption you tell (concisely!) what was done and how the data were analyzed only. Some of you know that you do NOT tell what you observe in the figure in its caption; you let the reader interpret the graph for her/himself. In a lab report, your interpretations go in the discussion section.

The results text section is where you get to write about what you, the author, observe in the data, what you see in the figures and the statistical data. You write about any other observations you made that are NOT in the figures or tables. For example, the color/turbidity of the broth and of the culture would be appropriate comments in this section (integrated with other discussion of observations). You get to write the story of what you observed in this project in the Results text section.

What to Hand In

For this project you should hand in computer-printed stack of pages neatly stapled together near the upper left corner. The printing should be double-spaced in 12 point serif font (Times), with at least 1” (2 cm) margins all around.

The first page should have a suitable title centered at the top. A model for a title would be: The effect of independent variable on dependent variable in Taxon binomial. Please do not type this unaltered model into your document...until you have substituted the variable you manipulated, the variable you measured, and the scientific name of the organism into this model! 
Beneath this line should be a line with your name first and then your lab partners in alphabetical order by last name. You have learned their names, right?!

The next line should include your contact information: campus address, email address, cell or land-line phone number.

The next line should have the major heading Materials and Methods centered in a larger, bolder font. The next line should be any subheading you are choosing to use at the left margin in the first paragraph of the section. The subheading can be normal size font, but made bold to stand out.

At the end of the Materials and Methods section, you can continue on the same sheet with the heading Results centered on its own line in the same larger, bolder font used for Materials and Methods. This is followed by any subheadings and the paragraphs of the Results section.

Your double-y plot (Fig. 1) can be inserted between paragraphs of this section in the Microsoft Word™ document. Alternatively the figure can be on a separate sheet at the end of the Results section (i.e. the last page!). Be sure your Figure still has its font as sans-serif (Arial); Word and Excel do not play well together! Its outdented caption should be in the usual 12 point serif font (Times).
To ensure that the Results heading or a subheading does not appear on the last line of a sheet, remember to use the Insert-Break-Page-Break function in Microsoft Word™.

Double check that you have all of the pages correctly sequenced, that your figure meets the specifications of previous grading rubrics. Make sure you leave enough time to complete this assignment while you can still get any help you need to make the software or text do what you need it to do.

Hand your stapled stack of papers into the instructor at the beginning of class on the due date. This assignment “worksheet” is not to be handed in. Please staple your document together yourself before the due date...do not bring a stack of loose sheets to class to hand in. Please never attempt to keep your papers together by folding down their corners; this always fails and pages of your precious work could be lost or credited to someone else! There are staplers all over campus if you don't have one yourself. If you don't have one, I know what you should ask for as your next birthday present!
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