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INTRODUCTION
One of the objectives of this lab is to improve your writing skills. In engineering, writing is the most important means of communicating experimental findings. The format and style of a technical report can vary widely in engineering and research organizations. The following outline is commonly used for engineering and scientific journals.
A scientific paper usually includes the following parts: 

Title Page: statement of the problem or aim

Abstract: short summary of the paper

Introduction: background and significance of the problem

Methods: report of the procedures used

Results: presentation of data

Discussion: interpretation and discussion of results

Appendix: data files and lab notes

A more detailed description of each section of a scientific paper follows. 

REPORT ORGANIZATION AND CONTENT

Title Page

The title includes the title, your name, the course title, the lab day or section, other members on your experimental team, the instructor's name, the due date for the paper, and the honor code. Aim for a descriptive, but compact title, e.g., “Tensile Test of 1020 and 1090 Steel.” A good way to develop a title is to list about 10-15 words that are most relevant to the experiment, then pick enough of them to capture the important points, and arrange those in a logical order.

Abstract

The Abstract, on a separate page following the Title Page, is a short paragraph which summarizes the entire report:

· Aims: what does this experiment intend to accomplish? (1 sentence)

· Methods (optional): how was it accomplished? (0-1 sentence)

· Results: what were the major findings (directly measured or observed)? (1-3 sentences)

· Conclusions: what implications do these findings have? (1-2 sentences)

Abstracts should be the densest section of the report, yet contain the most important aspects of the study. Read each sentence to trim all but essential information. Experimental methodology is normally included for scientific abstracts, but it need not be included here because it is already defined in the instructions. An abstract should be approximately 100-150 words (1/3 of a page, double-spaced). Although the Abstract is located at the beginning of a report, it should be the last item written. 
Here are two examples of good abstracts:

Abstract 1

The aim of this experiment was to determine the influence of carbon content on the tensile material properties of steel.  Specimens of 1020, 1045, and 1090 steel were tensile tested until failure.  Of the three types of steel examined, 1020 had the lowest yield strength but the highest elongation, at 52kpsi and 62%, respectively.  1090 had the highest yield strength and lowest elongation, achieving 75kpsi and 7.8%, respectively.  It appears that higher carbon content increases strength and decreases ductility in steel.  

Abstract 2

This experiment examined the mechanical properties of 1020, 1045, and 1090 steel.  One specimen each of the three steels were tensile tested until fracture.  The ultimate strengths of 1020, 1045, and 1090 steel were 75kpsi, 95kpsi, and 140kpsi, respectively, while the elongations were 7.8%, 26%, and 61%.  Moduli of elasticity were within 2% of the published value of 30.0 106 psi.  In the 10XX steels, carbon increases strength and decreases ductility, while having little influence on the modulus of elasticity.  

Introduction

The Introduction of a technical report serves the following purposes:

· It provides the background and significance of the topic or problem.

· It explains the aim or goal of the report.

· It provides a brief overview of the report and experiment.

Begin the Introduction by providing background on the study and the significance of the problem, relating the problem to the larger issues in the field, as appropriate. Include only information that directly addresses the aim under investigation.

Next, describe the aim, intent, or goal of this particular experiment. Ideally, this should be in one sentence. E.g., “The aim of this experiment was to measure the yield strength of 4130 steel as a function of temperature.”

In no more than three sentences, describe the experiment performed and, if applicable, the outcome predicted for the experiment.

Write the introduction in past tense when referring to your experiment; when relating the background information, use present.

Methods

Normally the methods section describes the experiment in detail, such that it may be repeated exactly. However, this would be redundant as this information is already specified in the Instructions. Include only deviations from the Instructions, special cases, and error analyses as appropriate. Write the Methods section in paragraph format in past tense. 

Results

The Results section consists of the following components, presented as logically and coherently as possible:

· Descriptions of the results

· Tables of key findings (bulk data should go in the appendix)

· Figures (graphs, diagrams, etc.)

Each figure and table should be introduced in the text. E.g., “Figure 1 shows the relationship between temperature and yield stress for 1045 steel.” However, omit descriptions of what you expected to happen in the experiment (move to the Introduction), or the trends or meaning of the figure (move to the Discussion).

Number figures and tables consecutively throughout the report. If possible, place each figure or table at the end of the paragraph in which it is cited, or, on the page following its first citation. Suggestion: copy figures from Excel and paste into Word. Alternatively, you may group all figures at the end of the Results section. Refer to figures in the text as “Fig. 1”, unless it is the first word of the sentence, in which case use “Figure 1”. 

Tables in Results should only include the important and distilled data.  E.g., if measuring stress, report stress data in Results, and force and area (and stress) in appendix. 

Tables and figures containing data must include descriptive titles, proper units, and legends if necessary. A sample graph is included below. 


[image: image1.wmf] Figure 1: Effects of Elevated Temperature on Tensile Strength of 
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Report your data as accurately as appropriate, only listing as many significant figures as can be justified; this applies to the figure axes digits as well. 

Percent Difference is calculated as 100 x (observed - expected) / (expected). 

Do not include tabular data if the same data is presented in a graph (move to appendix). 

Use past tense for the Results section.

Discussion 

The discussion section contains these parts:

· Interpretation of results

· Answers to questions

· Conclusions

The first part of this section is to interpret all important results as precisely and concisely as possible. For example, the above graph might lead to discussion of the following form:

The lower curve shown on the graph in Fig.1 shows that the tensile strength of Nonobtanium 5550 decreases non-linearly with corresponding increasing temperature in the range between 400oC to 2000oC. The graph of Fig. 1 also reveals that the addition of 5% Kryptonite alloy to Nonobtanium 5550 reduces the effect of elevated temperatures on tensile strength above 400oC as shown by the reduced slope of the upper curve.

The above paragraph helps the reader interpret the significance of results which, in this case, are presented in graphical form. An inadequate discussion of the graph might read:

The graph shown in Fig. 1 shows the effect of temperature on the material tested.

It is generally appropriate to list limitations/weaknesses which you have identified in this section. For example, describe any procedural difficulties that may have affected the data and thus the interpretations. 
Do not dramaticize the results: avoid words such as “obviously, very important, vital, drastic, dramatic, extremely significant”. 

Do not include Methods information except as related to limitations/weaknesses. 
Once the individual results are discussed, the prepared questions may be answered. It is beneficial to answer these questions prior to generating the overall conclusions (below) because many questions are phrased to focus your attention on important relationships between test parameters. The figures and tables in the Results section will also be important as you begin to think about your discussion. 

Finally, some overall conclusions are included, drawn directly from the experimental results (i.e. from data, graphs, etc.). Conclusions come in many forms; they may be quantitative (equations) or qualitative (observations). For example, you may have calibrated an instrument which outputs a voltage that is proportional to temperature. In this case the conclusion may take the form of an equation which describes the relationship. However, in other cases you can only make qualitative statements about a relationship between physical parameters. For example, “As the carbon content of steel is increased, the yield strength of the steel also increases.” This section is not simply a restatement of the results.
The tense for the discussion depends on the context: if results, then use paste tense, if general conclusions, use present.

Having completed this list, integrate this information (except answers to questions) into several simple, clear, concise paragraphs. Keep each question answer as a separate paragraph.  

Appendix

The appendix consists of two parts:

· Original data sheets

· Sample calculations which show the basis of computed values
Attach the original paper on which the experimental data has been recorded. You may provide a photocopy but do not re-record data onto a new sheet. Your entire report is based on the data sheet; it should be of a neat and organized nature that lends credibility to your report. Datasheets should include the time, date, name of the testing apparatus, materials tested, and any unusual observations. In industry or research, testing records need to be organized and include enough information that they could be understood many years in the future; aim for this goal on the datasheet. Do not include the lab handout Instructions.

Sample calculations may be done by hand or computer, but in either case they should be neat and your own work. They should demonstrate that you understand the calculations in the Results section. First write out the general equation, then substitute numbers with units. Be sure to include the correct number of significant digits. 
REPORT STYLE
Length

· Write carefully and concisely; there is no extra credit for long reports, and short reports are preferred so long as they are complete. 

· After a first draft, read through the report to eliminate unnecessary phrases and words. Typical examples include, “It was observed that…”, “In this lab, we found that…”, “From the data collected...”, or “by the fact that...”. Such clauses can be dropped without loss of content. 

Examples of verbose sentences (paraphrased from actual student reports):

“One advantage that widgets exhibit is that these types of devices are useful when dealing with blidgets.” --> CONDENSE --> “Widgets are useful when dealing with blidgets.”

“Isotropic expansion can be determined by the fact that expansion occurs uniformly.”  --> CONDENSE --> “Expansion occurs uniformly in isotropic expansion.”

Word Choice

· “Affect” is a verb: “Carbon affects ductility.”

“Effect” is a noun: “Carbon has a detrimental effect on ductility.”

· Do not use the word “significant” unless using a statistical test, and do not use “proved” unless it is mathematical. 

· Contractions should not be used: “can’t, isn’t,” etc.

· Technical writing is more formal than speaking; thus, casual language should not be used: “This looks like…”, “a lot”, “more or less”, “about”, “it is obvious”. 

Structure and Meaning

· Structure each paragraph so that it is easily readable. Each paragraph should contain one central idea, summarized in the first sentence of a paragraph. 

· Check each sentence for accuracy. Read through the report a day after you write it and be sure that each sentence conveys the intended meaning and no other.

Misc.
· Use past tense when discussing results and methods. Use present tense for general background, significance, or theory. Make sure tenses agree within a sentence.

· Generally, the third person is most commonly used for technical reports. However, the first person is becoming more common and may be used if desired and appropriate to the content of the sentence.

REPORT FORMAT

Assembly

Staple reports in the upper left corner (portrait pages) or upper right corner (landscape pages). Do not use a binder. Exception: if all pages are landscape, staple in upper left corner. 

Margins

Top: 1.0”

Bottom: 1.25”

Left: 1.5”

Right: 1.0”

Font

Type: Any professional serif font (e.g., Times). Headings may employ a sans serif font (e.g. Arial).

Size: Minimum 12pt., but use the same font size throughout, including title page and headings.  Professional reports generally do not increase the font size for titles and headings.  

Title Page

Same font and size as text except the title itself may be in ALL CAPS and bold. Or, the entire title page may be in bold and Sentence Case. All text should be centered on the page.

Headings

Same font as text but in bold. Left Justify all headings. You need not page-break between headings, but avoid “widows” and “orphans” (headings or a single line of text sitting alone at the top or bottom of the page). Use the following formatting hierarchy, which is the same as this document: 

MAIN HEADING

First Subheading

Second Subheading

Spacing

Double space throughout except:

· Bibliography is single spaced within each reference, and double spaced between references.

· Triple space before a main heading or first subheading.

Page Numbering

Each page except the title page is numbered with an arabic numeral centered 1/2” from the bottom. The title page is page number 1, but is not notated.

Quotations

Generally, directly quoting a source is inappropriate unless the information is controversial, under discussion, or “catchy”. If a source is quoted or paraphrased, though, it must be properly acknowledged:

· Short quotations are enclosed in quotation marks followed a bibliography citation. The in-text citation should take the form, e.g., “(Wilson, 1986)”, where Wilson is the first author’s last name, and 1986 is the year of publication. For the Lab Handouts, the author may be listed as “Instructor”. 

· For quotations greater than three lines, indent the margins, change to single spacing, and omit the quotation marks. 

· Paraphrased text is given without quotation marks, but with the (Author, Date) citation. 

· Omissions in the quotations are indicated with three periods (...), unless the omission is at the end of the sentence, in which case four periods are used: (....). 

· Failure to properly reference quoted materials is considered plagiarism. 

Figures

· Graphs and Illustrations should be neatly drawn or produced with computer software (preferred). 

· Fonts should be of similar size as the text of the report.

· Give each figure a descriptive title, centered over the figure, starting with “Figure 1:...” 

· Figure axes should have descriptive labels, and units.

· Draw a smooth curve through the data points. This curve need not pass through all the data points themselves; rather, it should capture the trend of the data. 
· Acknowledge any figures that are not your own work.

Tables
· Tables should be produced with computer software.

· Fonts should be similar in size as the text of the report.

· Give each table a descriptive title, centered over the table, starting with “Table 1:...” 

· Acknowledge any tables that are not your own work.

Bibliography
Any sources should be listed in the Bibliography, the last item in the report. List references in alphabetical order, according to the last name of the first author. Use the following format (ASME standard; this information from ASME web page): 

Book:

Askeland, D.R., 1994, The Science and Engineering of Materials, 3rd ed., PWS, Boston. 

Journal Article:

Sparrow, E. M., 1980, “Forced-Convection Heat Transfer in a Duct Having Spanwise-Periodic Rectangular Protuberances,” Numerical Heat Transfer, Vol. 3, pp. 149-167.

Web Page (access date is given):

ASME JBE Web Page, 1/13/2001, http://www.asme.org/pubs/MS4.html.
Written or spoken communication:

Clark, J. A., 1986, Private Communication, University of Michigan, Ann Arbor, MI.

HONOR CODE

It is expected that students will work together in the lab and when calculating results.  Since each group shares the same experimental data, it is expected that most graphs will look similar (depending upon default settings chosen to plot the graph).  However, you should select your own title, labels, etc. for each graph. Each individual should write his or her own report and should strive for independent thinking.  Two reports that contain identical or near identical materials (a measure to be judged by the instructor) or reports which correspond to previous years’ handouts will be referred to the Honor Council.

REPORT GRADING

When any item listed below is not required for a specific laboratory report, points for that category are omitted from the total. Not all reports will require all sections listed below.

Abstract and Title Page







15 pts 


Descriptive title


Includes motivation for experiment



Provides a summary of important findings



Includes numerical results (where applicable)


Correct grammar/sentence structure/spelling/etc.



Brevity, clarity, content

Introduction (and Methods)







15 pts

Introduces subject matter



Explains motivation and relevance for experiment


Correct grammar/sentence structure/spelling/etc.


Brevity, clarity, content
Results


Text









5pts



Describes data



Introduces all graphs and tables







Graphs









15 pts

Descriptive title

X and Y axis label and units

Legend (if applicable)

Line drawn through data points with smooth curve

Tables









5 pts


Descriptive title



Caption and units above each column of data



Correct data
Discussion









30 pts

Correct interpretation 



Each conclusion substantiated by reference to results


Correct grammar, sentence structure, spelling, etc.



Questions: correct and clear answers (typically 15 pts of the 30)


Brevity, clarity, content

Appendix

Sample Calculations 







10 pts


Neat



Correct equations and substitution of data




Units specified with each answer

Miscellaneous 








5 pts



Overall Organization


Sketches









TOTAL 
______/100
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