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Handout 4: How to Write an 
Evaluation/Discussion/Results/Error analysis 
In this class, you will write an evaluation for most labs.  There are two basic types of evaluations.  The first is a 

RESULTS STATEMENT; the second is an ERROR ANALYSIS.  All are considered discussions.  Although similar, 
these evaluations are not the same.  They build on each other.  In either, a good evaluation demonstrates a clear 
understanding of the experiment. How will you know which evaluation to write?  READ THE PRE-LAB SHEETS 
AND AGENDAS.  If the pre-lab sheet asks for a result statement, don’t give an error analysis; if the pre-lab sheet asks 
for an error analysis, write both.  

The RESULTS STATEMENT:  The results statement presents the results and discusses how the results support 
the purpose of the lab.  Did the data results match the theory or concepts tested in the experiment? In this type of 
evaluation, summarize the results and draw appropriate conclusions based on the observations and results.  Integrate 
information from the lecture and lab to explain the data.  Remember, sometimes the observations are the results and 
need to be discussed here.  Don’t discuss intermediate or raw data, only final data that supports the purpose.  There are 
no calculations shown in any of the evaluations-refer to calculation section if necessary.  Values that are presented show 
proper significant figures, and when appropriate, units.   

A GOOD RULE OF THUMB: OBSERVATIONS AND DATA LEAD TO CONCLUSIONS.   

In the result example below, the purpose (A), the results (B), and summarized observations and conclusions (C).  I 
have done this to emphasis the different components of the results statement-the statements should be in the same 
print, no underlines.  [ Note: when you write the report DON’T identify the parts of the report with the letters or 
sections] 

A) In this lab, I asked the following questions:  

‘What is the average density of water at room temperature? What are the average boiling point and freezing point of water using an 
alcohol thermometer at room pressure? How do I determine the significant figures, precision, and accuracy of a measurement or 
tool?’  [NOTE: This does not have to be in the form of a question! -showing options] 

B) I used several common laboratory tools, such as a centigram balance, an analytical balance, graduated cylinders, burets, and an 
alcohol thermometer to help me answer these questions.  I determined the average density of water at 22°C to be 0.994g/mL with 
a 0.4% error and a percent difference of 1%.  The average boiling point of water was 99.5°C with a 2% error at 0.980 atm, and 
the average freezing point of water was 0.3 °C with 0.3% error.  I also practiced care and use of these tools, and determining 
precision since I will be using them throughout the semester.   

The 25-mL graduated cylinder in my drawer has a precision of ±0.2-mL.  The 10.00-mL graduated cylinder has a higher 
precision of ±0.01-mL.  Since errors are additive, I should use the small graduated cylinder for volumes up to 10.00-mL, and the 
larger graduated cylinder for volumes up to 25.0-mL to avoid systematic errors.   

C) I measured 5 samples of water consecutively and calculated the density using the mass difference and the volume difference of my 
samples.  I used a 25-mL graduated cylinder and a centigram balance to measure the data.  Although the data reflected good 
technique because the error calculations were small, I noticed that the data had a range.  One way that I could express the average 
results better would be to graph the 5 density calculations and use the slope to find the density. 

I was surprised to see that the average boiling point of water was not exactly 100.0°C and the freezing point was not 0.0°C.  
My instructor explained that boiling points are dependent on the atmospheric pressure and can be higher or lower than expected and 
the precision of the thermometer.  The boiling point is the temperature at which the atmospheric pressure (the downward force) 
equals the pressure exerted by the vapor (the upward force).  The boiling point temperatures that we use as standards are based on 
how the boiling point pressure is defined: The standard boiling point by IUPAC (the point at which water boils at 1 bar (0.987 
atm, 29.52 inch Hg) is 99.97°C, the point at which the vapor pressure and the atmospheric pressure are the same (what I 
measured) was 99.5°C , and the normal boiling point, the temperature at which the atmospheric pressure is 1 atm (29.29 inch 
Hg) is 100°C.  This part of the experiment highlighted the importance of clarity and documentation.  By stating the pressure and 
the temperature, I am being very clear about the conditions of the measurement. I also learned that a decrease in the atmospheric 
pressure will decreases the freezing point slightly, due to the nature of water in the solid state.  Water expands upon freezing.  An 
increase in pressure helps ice to melt at a lower temperature (this is how ice-skating works-I saw it as an infographic). 
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In an Error Evaluation, the student discusses the results of the lab and analyzes sources of error.  The writer 
explains or evaluates what went right, and what went wrong with the lab, and how the results are affected. In this section 
you summarize the results, use the observations to draw conclusions about what the data means to satisfy the purpose, 
identify and explain potential sources of error, and predict how those errors might affect the overall data.  This is done 
by referring back to tables and graphs for information and discuss the results and error with logical reasoning.  Be 
specific!  ‘The experiment was hard and I made a lot of mistakes; it should be repeated.’ is not an appropriate 
statement.  A better one would be, “My titration values were poor because my endpoint was not consistent.  This 
could mean that my volumes were higher than I actually read, and therefore, my molarity should have been 
lower.”, or “My density was lowered because I misread the volume in the graduated cylinder.”  Then, go on to 
analysis how this error would affect the results.  If the data is inconsistent from run to run, or there is a large percent 
error or difference, what might be the source?  What could be done differently toIf you had to do the experiment again, 
what would you change about how you did the experiment to reduce the error?  The error analysis can be longer that the 
results summary because you are adding an error analysis to the results statement.  The evaluation contains the result 
statement.   

The evaluation statement shown below has the purpose (A), the observations (B) and the error analysis (III) to 
emphasis the different components, 

A) In this lab, I asked the following questions:  

‘What is the average density of water at room temperature? What are the average boiling point and freezing point of water using an 
alcohol thermometer at room pressure? How do I determine the significant figures, precision, and accuracy of a measurement or 
tool?’  [NOTE: This does not have to be in the form of a question! -showing options] 

B) I used several common laboratory tools, such as a centigram balance, an analytical balance, graduated cylinders, burets, and an 
alcohol thermometer to help me answer these questions.  I determined the average density of water at 22°C to be 0.994g/mL with 
a 0.4% error and a percent difference of 0.3%.  The average boiling point of water was 99.5°C with a 2% error at 0.980 atm, 
and the average freezing point of water was 0.3 °C with 1% error.  I also practiced care and use of these tools, and determining 
precision since I will be using them throughout the semester.   

The 25-mL graduated cylinder in my drawer has a precision of ±0.2-mL.  The 10.00-mL graduated cylinder has a higher 
precision of ±0.01-mL.  Since errors are additive, I should use the small graduated cylinder for volumes up to 10.00-mL, and the 
larger graduated cylinder for volumes up to 25.0-mL to avoid systematic errors.   

C) I measured 5 samples of water consecutively and calculated the density using the mass difference and the volume difference of my 
samples.  I used a 25-mL graduated cylinder and a centigram balance to measure the data.  Although the data reflected good 
technique because the error calculations were small, I noticed that the data had a range.  One way that I could express the average 
results better would be to graph the 5 density calculations and use the slope to find the density. 

I was surprised to see that the average boiling point of water was not exactly 100.0°C and the freezing point was not 0.0°C.  My 
instructor explained that boiling points are dependent on the atmospheric pressure and can be higher or lower than expected and the 
precision of the thermometer.  The boiling point is the temperature at which the atmospheric pressure (the downward force) equals 
the pressure exerted by the vapor (the upward force).  The boiling point temperatures that we use as standards are based on how the 
boiling point pressure is defined: The standard boiling point by IUPAC (the point at which water boils at 1 bar (0.987 atm, 
29.52 inch Hg) is 99.97°C, the point at which the vapor pressure and the atmospheric pressure are the same (what I measured) 
was 99.5°C , and the normal boiling point, the temperature at which the atmospheric pressure is 1 atm (29.29 inch Hg) is 
100°C.  This part of the experiment highlighted the importance of clarity and documentation.  By stating the pressure and the 
temperature, I am being very clear about the conditions of the measurement. I also learned that a decrease in the atmospheric 
pressure will decreases the freezing point slightly, due to the nature of water in the solid state.  Water expands upon freezing.  An 
increase in pressure helps ice to melt at a lower temperature (this is how ice-skating works-I saw it as an infographic). 

D) The lab had many parts, and each part provided sources of error.  Reading tools that are graduated require an estimate: graduated 
cylinders, burets, thermometers, all required my interpretation of the data and introduce error for each measurement.  The tools have 
a prescribed uncertainty.  Combining the precision of the tool and human error leads to a shift in the accuracy of the measurement.  
Even if I was very careful about reading the graduated cylinder in Part IIb (my technique was good), the tool would contribute 
error.    

Part IIb, Volume measurement-graduated cylinder and density, a large source of error occurred every time we read the graduated 
cylinder.  We also traded reading, so the collection of volume measurement had a lot of systematic error.  Density is the relationship 
between mass and volume.  Volume is inversely proportional to density; as the volume increases, density decreases.  Some of our 
volumes were probably higher than they should be.  Based on the ‘Exp. 1: Background’ I believe that our volumes were read higher 



Alscher 4) How to write a summary.docpage 3 of 4 9/30/18 

than they should be due to human error.  This caused the average density to be lower than it should be.  One way that we could 
have account for the error was to have both of us read each measurement, and record those readings, and use them for calculations.   

Note—The evaluation contains the information in the results statement, but goes on to discuss places in the 
lab where error might have affected the overall outcome of the lab. 

Overall, the evaluation explains to someone reading the lab report what you accomplished by doing the lab.  “Did 
you accomplish what you set out to do?”  The writer should integrate information from lecture and the lab manual to 
help explain the data. The reader should have a clear idea of the scope of the lab.  The writer should re-express the 
purpose and introduction, summarize the procedure, and summarize the observations and results of the experiment in a 
logical fashion.  The evaluation should have a sentence or two about how the results supported (or denied) the purpose 
of the lab.  The student uses the evaluation to discuss the experimental data (qualitative and quantitative) obtained 
during the lab that is relevant to the purpose of the lab.  In the evaluation, the writer expresses his confidence, both 
quantitatively and qualitatively, in his results and compares these results to literature values, results of other students, 
and/or the results he expected based on his understanding of chemistry.  In addition, the writer identifies any sources of 
experimental error and explains how the errors may have affected the results.  The evaluation can be viewed as a section 
of the evaluation.  In addition, the writer should use good style, so the evaluation or the evaluation is easy to read. 

When writing either the evaluation, one needs to pay attention to the format.  The evaluation and the evaluation are 
typed, in a 12 pt font.  The spelling and grammar were checked.  The evaluation is written in Standard English.  The 
writer used short well-worded sentences that clearly express the point of view of the lab.  The writer avoided using long, 
poorly worded, flowery sentences.  The language is clear and follows a logical order.  All evaluations should be glued 
into the lab book, two copies.  One copy is for white sheets, and one copy for the yellow sheets.  The length can vary, 
but a good rule of thumb is the results statement should be about 200 words, the error evaluation should be at least 400 
words.   

Final notes: Look at the ‘Lab check list’ for a complete list, this has some helpful 
hints.  

RESULTS DISCUSSION  
1. Did you address the purpose?  
2. While you are making a list of the observations, data etc in each part, think about HOW you accomplished this lab 
3. Were there observations that were integral to the lab?  What were they?  How did these observations support 

the results?  Summarize these in a coherent paragraph.  Notice that in my example, I integrated observations and method in the 
same sections.  I also made conclusions about the identity of my products as they related to the observations.   

4. What were the ultimate results for each part?  
5. What did the results mean to you? 
6. Did you find that the results supported the purpose?    
7. If there was a graph, what did the results of the graph indicate?  Make sure you refer to the graphs by page and 

figure number. 
8. Were there any conclusions that were drawn from these observations? 
9. What did you learn from doing this lab? 
10. Thinking about what you learned in lecture and in the lab, do the results make sense?  
11. How does the lab relate to lecture material?  
12. Compare the results section with theories outlined in the data tables.  The data tables contain no calculations in 

the introduction or conclusions.  Looking at the quantitative portion of the lab, the data table has raw 
observations.  The results section has observations and conclusions.  It also shows percent error and 
difference.  in lecture.  Do they match?  Explain why they might vary. 

13. Notice also that each section leads into the next section.  You need good observations and data collection to 
produce a data table.  A good data table helps you do successful calculations.  Calculations help you make 
conclusions for a result table.  The result table should have the relevant theoretical data or predictions for 
comparison.  This is also a good place to start making insightful observations about the experimental results. 
The evaluation and evaluation section, which we will discuss next, comes from analyzing the data and making a 
good results table.  The results section should contain the information that supports the answer to the purpose.  
“What are you looking for when you did this lab?”  In Experiment 11, I looked for the percent recovery of 
copper.  I also looked at reactions of copper.  Is this information in my results table?  Were there parts that you 
did not quite understand?  What were they? 

14. If you had to do this lab again, how would you improve the technique or lab skills so the lab would be easier to 
understand for you or another investigator? 
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ERROR ANALYSIS—start with the results discussion: 

1. Now start adding the error portion by looking through the raw data and the notes about the lab, were there 
areas where an error could occur?   

2. Make a list of each part, what happened in that part, and possible errors that occurred based on observations 
and results.   

3. For each error, think about how it impacted the results and how the results might be different if that error was 
not there.   

4. Integrate this information into a paragraph or three.   
5. Sometimes, giving a brief description of the method helps.   
6. Be logical!  “I could not read the volume in the pipette because the lighting was bad, “ is not a good start.  For 

example, if I were to do a lab involving density, errors in how I measured the volume become very important.  
If the volume is smaller that it should be, my calculated experimental density will come out too big.   

7. How did you get to the calculated result?  Could any errors have happened here?   
8. If there was a graph, how did it contribute to the error of the results? 
9. How much of the error is due to the work?  How much error is due to the instruments and tools you used for 

lab?  Can you think of ways to reduce any of these errors? 
 
Horrible scenario that often happens: 
  I lost my lab book.  No problem, I have my results and error discussion on my computer, so I will just print it out.  Wait a minute, how will 
my instructor know what I did in the lab?  hmm, I know!  I will write a brief evaluation of the procedure to accompany the results & error 
discussion.  That way I can get some points instead of no points.  [If I beg and plead and bring her coffee maybe …] 
 


