IB Internal Assessment Guide

1. Your overall IB mark (the one used to determine if you receive an IB diploma) in any IB science course is based upon two kinds of assessments or grades:
· External Assessment:  Your score on the exam given by IB (76% of total IB mark)
· Internal Assessment:  Your performance on in class laboratory work (24% of total IB mark)

2. Internal Assessment is a collection of work completed by the student during the course of the IB class.  Each candidate must keep all investigations carried out and these will be summarized on the 4/PSOW form (Group 4 -- Experimental Science, Practical Scheme of Work) which will be filled out by your teacher and sent to IB.  HL students are required to demonstrate at least 60 hours of laboratory/field investigations over the two years of the course.  SL students are required to demonstrate at least 40 hours over 1 year. 
3. During the year, several of your lab write-ups will be assessed (that means ‘graded’) using very strict IB criteria.  You will be told ahead of time which lab write-ups will be assessed using the IB criteria.  All IB science teachers world-wide must use the same criteria and apply them in the same way—quite a challenge!!  To ensure that everyone is following the rules and applying the criteria correctly, schools must send samples of graded student lab reports to IB for monitoring.  If a teacher is being too hard or too soft, that teacher’s marks which were awarded to students will be adjusted accordingly.
4. All IB lab reports are graded using five IB Internal Assessment Criteria.  They are:

· Design
· Data Collection and Processing
· Conclusion and evaluation
· Manipulative skills
· Personal skills
5. Each student must be assessed at least twice on the first three IB Internal Assessment Criteria.  The Manipulative skills criteria will be assessed throughout the course.  Personal skills criteria will be assessed during the Group 4 Project.  These scores will be sent to IB and will be used along with your external assessment scores to determine your overall score for IB Biology.
6. The following pages show you in more detail what is contained in the five IB criteria.  Your lab write-ups will be compared to these criteria to determine your internal assessment score.  When I grade your lab report, I will determine whether you met each criterion completely, partially, or not at all.  This will then determine what mark (2, 1, or 0) you earn on that section of your lab report.  Use these descriptions when you write your IB lab reports to be sure you have addressed all parts of the assessment criteria.
IB Internal Assessment Criteria and Aspects

I.  DESIGN : Assessment rubric
	

	 
	ASPECTS

	LEVELS/score
	Defining the problem and selecting variables
	Controlling variables
	Developing a method for the collection of data

	Complete/2 
	Formulates a focused problem/research question and identifies the relevant variables.
	Designs a method for the effective control of the variables
	Develops a method that allows for the collection of sufficient relevant data.

	Partial/1
	Formulates a problem/research question that is incomplete or identifies only some relevant variables
	Designs a method that makes some attempt to control the variables.
	Develops a method that allows for the collection of insufficient relevant data.

	Not at all/0
	Does not identify a problem/research question and does not identify any relevant variables.
	Designs a method that does not control the variables. 
	Develops a method that does not allow for any relevant data to be collected.


Research Question

This is a single sentence which clearly and specifically states the objective of your investigation.  For a Design Criterion lab, the teacher cannot give you detailed information and guidance.  Instead, you’ll be given a general, open-ended problem.  You must do some thinking to recognize the nature of the problem that has been set, the factors (variables) that will affect the outcome, and how they affect it (the hypothesis).  

A clear, focused research question will state the dependent and independent variables. 

For example:  What is the effect of blow-drying on the breaking force of human hair? is better than What is the effect of hair treatment on the tensile strength of human hair?  

In this example, the “effect of blow-drying” is the independent variable, and the “breaking force of human hair” is the dependent variable.

Hypothesis
Formulate a hypothesis that includes a proposed relationship between the independent and dependent variables.  A hypothesis is like a prediction.  It will often take the form of a proposed relationship between two or more variables that can be tested by experiment:  “If X is done, then Y will occur.”  (Examples:  “If the diffusion rate(dependent variable) through a membrane is related to molecular size, (independent variable) then the smaller the molecule the faster it will pass through a membrane.” or “If the rate of photosynthesis is related to wave lengths of light, then exposing a plant to different colors of light will produce different amounts of oxygen.” or "If fermentation rate is related to temperature, then increasing the temperature will increase gas production.”)
You must also provide an explanation for your hypothesis.  This should be a brief discussion (paragraph form) about the theory or ‘why’ behind your hypothesis and prediction.  For example, why would the wavelengths of light affect the rate of photosynthesis?  Why does temperature affect the rate of fermentation?
Be sure your hypothesis is related directly to your research question and that the manipulated and responding variables for your experiment are clear.

Variables

Identify the independent and dependent variables.  The independent variable is the variable which is changed or manipulated by the investigator.  The dependent variable is the variable that is being observed (data is collected for this variable).  The dependent variable happens in response to changes in the independent variable.  In addition, you must identify the controlled variables.  Are there other variables that might affect the outcome of your experiment?  These variables must be controlled (kept the same) so that the only variable that is changing and therefore affecting your outcome is your independent variable.  Since many variables could potentially affect your dependent variable, choose the most significant three or four variables that should be controlled.  In the case of the above hair experiment, variables that might affect the dependent variable (breaking force of hair) could be whether the hair is wet or dry, curly or straight, chemically treated, or the length of the hair.

Materials

You need to make a list of materials needed.  Be as specific as possible.  (Example:  “50 mL beaker instead of ‘beaker’, or the type of microscope with magnification range).

You might have to decide how much of a substance or a solution to use.  If so, state your reasoning or show the calculations.

Method/Procedure

State or discuss the method (procedure) that you are going to use (or that you did use) in the experiment.  This should be in the form of a list of step-by-step directions.  Provide enough detail so that another person could repeat your work by reading your report!  (But you don’t have to go into detail about standard, well-understood actions such as measuring temperature with a thermometer, weighing out a substance, etc.)   A diagram of how you set up the experiment may be appropriate, especially for more complicated experiments.  Be sure your diagram follows the rules for lab drawings. 
Refer to the variables that need to be controlled.  State an explicit procedure or method for how each of these variables will be controlled.  In the case of the above hair experiment, variables that might affect the dependent variable (breaking force of hair) could be whether the hair is wet or dry, curly or straight, chemically treated, or the length of the hair.  These variables would need to be held constant (in other words, controlled) so that the only thing affecting the breaking force of the hair would be whether or not it was blown dry (the independent variable).  Specify exactly how these variables will be held constant (controlled).
If you do something in your procedure to minimize an anticipated error, mention this as well.  (Example:  “Carefully cutting plant stem under water to reduce affect of air on transpiration rate.”)  

In your method, clearly state how you will collect data.  What measuring device will you use, what data will you record, and when?  Or what qualitative observations will you look for (such as color change) and what will you do when you see this happen?

The procedure must allow for collection of sufficient relevant data meaning you will need to conduct more than just one trial.  Biological investigations should include multiple measurements of data.  This would usually include at least 5 measurements or 5 trials.  5 to 20 measurements or trials would be considered a very small sample size.  20 to 30 measurements or trials would be considered a small sample size and big sample sizes would run 30 or more.
Safety

List any safety precautions that must be taken during the lab.

· “Wear safety goggles throughout experiment.”

· “Be cautious in using strong acids/bases.  Rinse off spills with water immediately.”

· “Avoid breathing vapors of automobile exhaust.”

IB Internal Assessment Criteria and Aspects
II.  DATA COLLECTION AND PROCESSING: Assessment rubric
	

	 
	ASPECTS

	LEVELS/score
	Recording raw data 
	Processing raw data 
	Presenting processed data 

	Complete/2
	Records appropriate quantitative and associated qualitative raw data, including units and uncertainties where relevant.
	Processes the quantitative raw data correctly.
	Presents processed data appropriately and, where relevant, includes errors and uncertainties.

	Partial/1 
	Records appropriate quantitative and associated qualitative raw data, but with some mistakes or omissions.
	Processes quantitative raw data, but with some mistakes and/or omissions.
	Presents processed data appropriately, but with some mistakes and/or omissions.

	Not at all/0
	Does not record any appropriate quantitative raw data or raw data is incomprehensible.
	No processing of quantitative raw data is carried out or major mistakes are made in processing.
	Presents processed data inappropriately or incomprehensibly.


You must collect and record raw data accurately.  But equally important—you must present the raw data so the reader can easily interpret it.  This means it must be organized and legible.  The best way to collect and present data is by using data tables.  

[image: image14.png]The percentage change in length of apple and
potata strips soaked in sucrose solutions

8
6
4
N potato
0 TP+t [ apple
E
2 6
R
-10

3
sucrose/mol dm’



Give an identifying, specific title to each data table.  Number tables consecutively through the report.  

Qualitative observations are just as important as quantitative measurements!  Make sure you take note of and record the physical characteristics of substances or solutions involved in the experiment, their changes, whether something is hot or cold, etc.  Some researchers like to organize these qualitative observations in a separate data table – mixing them with quantitative data is often confusing and hard to read.

A measurement without units is meaningless!  If you show the units in a column heading of a data table, you do not have to write them again after each number in the table.  Common ways of recording measurements in biology are:  volume in liters, mass in grams, length in meters, and time in seconds.  The following example shows different ways to express the same unit.  

Oxygen consumption (milliliters per gram per hour)

Oxygen consumption (ml/g/h)

Oxygen consumption (ml g-1 h-1)

All measurements have uncertainties and you must indicate them in your data tables.  This is best done by paying attention to significant figures, and by using the ‘plus-or-minus” (+) notation.  Examples:  

Mass of a penny on a centigram balance:  3.12g (+ 0.01g)  

Temperature using a typical lab thermometer:  25.5°C (+ 0.5 °C)  

For most measuring devices, the minimum uncertainty figure is + half of the place value of the last measured value.  For example, thermometers used in class measure to the nearest whole degree Celsius.  So the thermometer’s measurement uncertainty is + 0.5 OC.  Rulers are a special case.  The uncertainty for a ruler whose smallest division is 1 mm is + 0.1cm.  In addition, the uncertainty for an electronic instrument (such as an electronic balance) is + one unit of the last decimal place (ex. 13.7g + 0.1 g).  In a column of data, you can show the uncertainty in the column heading and then you don’t have to keep re-writing it for every measurement in the table.

This is the part of the report in which you take your raw data and transform it into results that answer (hopefully!) your research question.  Here you will show the calculations that give you a numerical result.  Or it may involve making a graph of some type to show a trend or a relationship.  It might involve both of these.  But just as in Data Collection, there are two important aspects:  processing the data correctly, and also presenting the processed data effectively and legibly so the reader can clearly see the results.

Calculations of Results

· You will often have to show calculations.  Use plenty of room; make sure they are clear and legible.  Show the units of measurements in all calculations.

· Pay attention to significant figures!  Don’t lose accuracy by carelessly rounding off.  Means should be written with the same precision as the input data.
· Identical, repetitive calculations do not have to be repeated.  Show one sample calculation (labeling it as such) and then you don’t have to repeat it for all the trials, but only show the results obtained.

· When calculating an average value from repeated trials, don’t average the raw data.  Instead, calculate a result from each trial.  Then average the results from each trial to get your final experimental average.

Presentation of Results

· There are many ways to present and display results.  Tables and graphs are used very often in science.  But in some situations, other techniques might also be good.  Consider the use of bar charts, pie graphs, or histograms.

· Graphs can be hand-drawn using graph paper or done with computer assistance.  In all cases, the axes of graphs must be clearly labeled with the variable and the units used.  Additionally, each graph must have a title that states what the graph depicts.  (Examples:  Time vs. Temperature, Length of mitosis stage (reported data) vs. Length of mitosis stage (student data).

· If the points that you are graphing represent means, then error bars should be added to the graph.  Error bars could show the range of values measured (the highest and lowest reading) or the standard deviation for each data point.

· If a reading is particularly different from the others, it may be left out of the processing and analysis.  However, you must justify why you have chosen to do this.  

IB Internal Assessment Criteria and Aspects 
Data Collection and Processing – Statistics 

Statistics are useful mathematical tools which are used to analyze data. Perhaps the best known statistic is the average. This is a single figure which is used to represent a set of data.

	Statistic
	Definition and Use
	Method of Calculation

	Mean
	· The average of all data entries.

· Measure of central tendency for normally distributed data. 

· DO NOT calculate a mean from values that are already averages.

· DO NOT calculate a mean of ratios or percentages for groups of several difference sizes; go back to the raw data and recalculate.

· DO NOT calculate a mean when the measurement scale is not linear (i.e. pH units are not measured on a linear scale).
	· The sum of all the results divided by the number of results.

	Median
	· The middle value of a range of results.
· A good measure of central tendency for skewed distributions.
	· Arrange the data in increasing rank order.

· Identify the middle value. 
· If there is an even number of data points, the median is calculated by adding the middle two values and dividing by two.

	Mode
	· The value that appears the greatest number of times.
· Suitable for bimodal distributions and qualitative data. 
	· Identify the category with the highest number of data entries using a tally chart or bar graph.

	Range
	· The difference between the smallest and largest data values.

· Provides a crude indication of data spread.
	· Identify the smallest and largest values and find the difference between them.


Measuring the spread of the data

Averages do not tell us everything about a sample. Samples can be very uniform with the data all bunched around the mean or they can be spread out a long way from the mean. The statistic that measures this spread is called the standard deviation.
· The standard deviation is a measure of the variation of the results, or the degree to which each data point in the set of data points varies (or deviates) from the mean

· The wider the spread of scores, the larger the standard deviation.  

· For data that has a normal distribution, 68% of the data lies within one standard deviation of the mean.

The value of calculating standard deviation
A standard deviation of low value indicates that the observation differs very little from the mean, and high values of SD indicate a wider spread around the mean.  Thus, the SDs can be used to help to decide whether the differences between two related means are significant or not (such as comparing an experimental group to a control group).  If the SDs are much larger than the difference between the means, then the differences in the means are highly unlikely to be significant.  On the other hand, when SDs are much smaller than the differences between the means, then the differences between the means is almost certainly significant.
Calculate the standard deviation by subtracting the mean of a distribution from the value of each individual variable in the distribution, squaring each resulting difference, summing these squared differences, then dividing this sum by the number of variables, and finally taking the square root of this quotient.
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Example:  Given the set of numbers {20, 23, 25, 26}, calculate the mean and the standard deviation. 

A. Mean = (20+23+25+26)/4 = 23.5
B. Standard deviation

1. Calculate (X-M)  

a. The mean of these numbers was found to be equal to 23.5.  

b. The deviations from the mean are respectively: 

· 23.5 - 20 = 3.5 

· 23.5 - 23 = 0.5 

· 25 - 23.5 = 1.5 

· 26 - 23.5 = 2.5 
2. Square each of these deviations to determine (X-M)2  

· (3.5)2 = 12.25 

· (0.5)2= 0.25 

· (1.5)2= 2.25 

· (2.5)2= 6.25 
3. Add the values from step 2 together to get ∑(X-M)2  

· 12.25 + 0.25 + 2.25 + 6.25 = 21. 
4. Calculate (n-1) by subtracting 1 from your sample size

· Since the were 4 original numbers, our n=4

· Therefore (n-1) = 3
5. Divide the answer from step 3 by the answer from step 4 to find 

∑(X-M)2
n-1

· 21 / 3 = 7 


6. Calculate the square root of your answer from step 5 to determine the standard deviation!


· The square root of 7 is approximately 2.65
7. Answer:  the standard deviation of the set of numbers {20, 23, 25, 26} is 2.65.  This means that 68% of the data lies within 2.65 of the mean (68% of the values are equal to 23.5 +/- 2.65).  
	
	A

	1
	Number of Pennies

	2
	134

	3
	130

	4
	136

	5
	132

	6
	131

	7
	137

	8
	131

	9
	135

	10
	130

	11
	129

	12
	132.5

	13
	2.798809


Using EXCEL to calculate the mean and the standard deviation

1. Type the values you are trying to find the mean for in a column.  You can label the column, but you don’t have to.   
2. Determine which box you want the mean to appear in.  In the example, I want the mean to appear in box A12.  In that box, type:

 =AVERAGE(A2:A11) where the A2:A11 are the box labels for the   data you want to average.  Basically you are telling Excel to average boxes A2 through A11.  

3. Determine which box you want the standard deviation to appear in. In the example, I want the standard deviation to appear in box A13.  In that box, type:  =STDEV(A2:A11) where the A2:A11 are the box labels for the data for which you want to find the standard deviation.  

Calculating mean and standard deviation on the TI-83: 

1. First we have to enter the data. Hit the STAT button and you will see the options EDIT, CALC and TESTS atop the screen. Use the left and right arrows (if necessary) to move the cursor to EDIT, then select 1:Edit... 

2. Now you will see a table with the headings L1 and L2. Enter the values under L1 (if you want to clear pre-existing data first, move the cursor to the top of the column, hit CLEAR and then ENTER.) 

3. Once all the data is entered, go back to the STAT menu, but this time move the cursor to CALC instead of EDIT. 

4. Once you're in the CALC menu, select 1-Var Stats, then hit ENTER. 

5. The calculator will display the x-mean, some other stuff, and then the standard deviation (sx). 
IB Internal Assessment Criteria and Aspects 
Data Collection and Processing:  Types of Graphs

	Type of Graph
	Definition and Use
	Example

	Bar
	· Data are collected for qualitative data (i.e. place, color, and species).

· Data values may be entered on or above the bars.

· Bar lines do not touch.
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	Pie
	· Data are collected for discrete quantitative data.

· The data for the responding variable are usually in the form of counts, proportions or percentages.  

· Good for visual impact and showing relative proportions of a whole.

· Generally used when there are six or fewer categories involved.  
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	Histogram
	· Plots of continuous data often used to represent frequency distributions, where the y-axis shows the number of times a particular measurement or value was obtained.  

· The data are quantitative and continuous, so the bars touch.

· The x-axis usually records values in interval groupings.

· If plotting a mean, the bars can be drawn with or without each point having a line drawn above and below the point, representing the standard deviation.
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	Line
	· Used when one variable (the manipulated variable) affects another variable (the responding variable).  

· The data must be continuous for both variables.

· The manipulated variable is often time.

· In cases where there is an implied trend, a line of best fit is usually plotted through the data points to show the relationship.

· If fluctuations in the data are likely to be important (i.e. with climate data), the data points are usually connected directly point to point.

· If plotting a mean, the data points can be drawn with or without each point having a line drawn above and below the point, representing the standard deviation.
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	Kite
	· Ideal for representing distributional data (i.e. abundance along an environmental gradient).  

· Each kite represents changes in species abundance across a landscape.  The abundance can be calculated from the kite width.

· They often involve plots for more than 1 species, making them good for highlighting probable differences in habitat preferences between species.

· A thin line on a kite graph represents species absence.

· The axes can be reversed, depending on preference.

· Kite graphs may also be used to show changes in distribution with time, for example with daily or seasonal cycles of movement.
	[image: image5.png]Vegatation coverage
Shovm s % f ra covered

= e B S s







IB Internal Assessment Criteria and Aspects 
Data Collection and Processing:  Graphing Conventions

For graphs to be understood there are some conventions that need to be learned.

Determine the manipulated and responding variables

In an experiment the experimenter will set up a set of conditions, it may be a range of temperatures or pH values, or, more common, the experimenter may choose to observe the experiment proceeding at set intervals of time (seconds, days or even years). These are the independent (manipulated) variables and always go on the horizontal axis (x—axis). The effect of the experimenter varying the manipulated variable is measured as the dependent variable (the part of the experiment under observation), this is always plotted on the vertical axis (y—axis).  Thus in an experiment to determine the effect of temperature upon the activity of a particular enzyme the axis should be set up as shown below.
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Note the units of measurement for each of the variables

In the above example the temperature is likely to be in degrees Celsius (°C) but some chemistry and physics texts will use degrees Absolute or Kelvin (K).  It is important to indicate the units used to measure your variables. From the above example again, enzyme activity is usually measured in the amount of product produced per unit time, for example g product/min or g product min-1.  The units of measurement are presented behind the label of the axis, e.g. Temperature (°C)
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The proportions of the axes
The area enclosed by the axes should be roughly square and not disproportionately exaggerated.
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If you are drawing the graph by hand on a piece of graph paper remember to leave yourself enough margin to write in your axis labels.

Analyzing your data

Look at your data carefully and determine the highest and lowest values for each of the two variables.

Values should increase as they progress away from the origin which is usually 0.  This, however, may not be necessary especially if this wastes space and you want to maintain a roughly square graph.

Start from a convenient but carefully chosen origin.
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Mark the quantities on both axes and number them at regular intervals:
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Giving the graph a title

The graph must have a title which should contain a brief description of what is being investigated. Other information which may go in the title, if available, includes: the date, place and name of experimenter or collector of the data. If there is more than one graph a reference number or letter is required. For example:

“Fig 2:  A graph showing the change in testis weight throughout the year in the brown rat (Rattus

rattus)”  IS BETTER THAN... “A graph of testis weight against time” which is an insufficient description.  Underline or use bold type for your title to make it stand out and easier to find on the page.  
Plotting more than one set of data on a set of axes

Sometimes two or three sets of data (or more) are plotted within the same set of axes. You must distinguish between them by using different symbols for the data points, different colored lines, or a dashed versus a solid line). Notice the key by the side of the graph which explains the symbols or lines.  
IB Internal Assessment Criteria and Aspects 
III.  CONCLUSION AND EVALUATION: Assessment Rubric
	Conclusion and Evaluation 

	 
	ASPECTS

	LEVELS/score
	Concluding
	Evaluating procedure(s) 
	Improving the investigation

	Complete/2
	States a conclusion, with justification, based on a reasonable interpretation of the data.
	Evaluates weaknesses and limitations. 
	Suggests realistic improvements in respect of identified weaknesses and limitations. 

	Partial/1
	States a conclusion based on a reasonable interpretation of the data. 
	Identifies some weaknesses and limitations, but the evaluation is weak or missing. 
	Suggests only superficial improvements. 

	Not at all/0
	States no conclusion or the conclusion is based on an unreasonable interpretation of the data. 
	Identifies irrelevant weaknesses and limitations.
	Suggests unrealistic improvements.


Drawing Conclusions
· In this section you will include one (or more) paragraphs in which you draw conclusions from your results.  You should try to explain the experimental results.  The explanation should refer to observations, trends or patterns revealed by the data (i.e. conclusions should be supported by the data).  Avoid using the word, “prove”, in your conclusions.  Your results will support, verify, or confirm your hypothesis, or they will negate, refute, or contradict your hypothesis.
· When conducting an experiment that should lead to a previously well-known result, you should compare your conclusion to the published literature.
Evaluating Procedure(s) and Results – Limitations and Weaknesses in the Investigation
· Ask yourself, “What makes me lack confidence in my conclusion?”
· Evaluate and identify the weaknesses and limitations in the design of the investigation and your performance of the procedure.  How reliable are the data?  What impact might the weaknesses and limitations have on your investigation?

· Identify and discuss significant errors and limitations that could have affected the outcome of your experiment.  Were there important variables that were not controlled?  Were there flaws in the procedure you chose which could affect the results?  Are measurements and observations reliable?  Is a high degree of certainty in the results lacking because the sample size was too small?
· When identifying errors, emphasis should be placed on systematic errors, not the random errors that always occur in reading instruments and taking measurements.  You must identify the source of error and if possible, tie it to how it likely affected your results.

· Acceptable Example:  “Because the simple calorimeter we used was made from a tin can, some heat was lost to the surroundings—metals conduct heat well.  Therefore, the value we obtained for the heat gained by the water in the calorimeter was lower than it should have been.”

· Unacceptable Examples:  “The test tubes weren’t clean.”, “Human error.”

Suggestions for Improvement

· What modifications could you make to your experimental design that would increase confidence in your conclusions?  Suggest improvements or fixes for the weaknesses you identified in the previous section (improvements for both the design and the performance of the experiment).  These suggestions should be realistic, keeping in mind the type of equipment normally found in high school or college general biology labs.  Suggestions should focus on specific pieces of equipment or techniques you used.  (Vague comments such as “We should have worked more carefully” are not acceptable).

IB Internal Assessment Criteria and Aspects 
Conclusion and Evaluation:  Error Analysis 

Error analysis in biology is no different from that in other sciences. Biology however is not an “exact” science in that much of the data collected by biologists is qualitative. Furthermore, biological systems are very complex and difficult to control. Biological investigations, nevertheless, do often require measurements and biologists do need to be aware of the sources of error in their data.

Human error

Obviously data which is carefully recorded will be more reliable than data collected carelessly.  Human error can occur when tools or instruments are used or read incorrectly. For example a temperature reading from a thermometer in a liquid should be taken after stirring the liquid and whilst the bulb of the thermometer is still in the liquid. Thermometers and other instruments should be read with the eye level with the liquid otherwise this results in parallax error. Human errors can be systematic because the experimenter does not know how to use the apparatus properly or they can be random because the power of concentration of the experimenter is fading.

Systematic errors

If an electronic water bath is set to 37°C the thermometer in the water bath should also read 37°C. If they do not agree then there will be an error at any other temperature being used. Some instruments need calibrating before you use them. If this is done correctly and regularly it can reduce the risk of systematic error.  A systematic error is one that will always affect the data the same amount every time a piece of equipment is used.  Other examples include forgetting to adjust for a zero-correction on a balance or a micrometer, or using a ruler that is slightly worn at one end.
Random errors

Random errors are less likely to be detected until after you have collected the data and are analyzing your results.  A random error is just that—random.  It does not affect every measurement taken with a particular tool.  The only way to reduce the effect random errors have on your results (aside from being as careful as possible in your technique!) is to do more trials.  The standard number of trials for data collection is 3-5 trials before changing your manipulated variable.  If you feel that your lab conditions are contributing to random error, it never hurts to do more than the minimum required number of trials.  The more trials, the less of an effect the error may have on your overall results.  
Degrees of precision

If you use a ruler, graduated in millimeters, to measure an object (e.g. the length of a leaf) you will probably find the edges of the object lie close to a millimeter division but probably not right on it.  Recording the leaf is “4.5cm-and-a-bit” long is not very useful. The accepted rule is that the degree of precision is ± the smallest division on the instrument, in this case one millimeter. So the leaf in this example is 4.5 cm ± 0.1cm.  

The act of measuring

When a measurement is taken, the environment of the experiment may be affected.  For example when a cold thermometer is put in a test tube of warm water, the water will be cooled by the presence of the thermometer.

Why bother?

You might think that with all these sources of error and imprecision experimental results are worthless. This is not true, it is understood that experimental results are only estimates. What is expected of a scientist is that they: 

· Make the best effort to avoid errors in their design of investigations and the use of instruments.

· Are aware of the source of errors and to appreciate their magnitude.

IB Internal Assessment Criteria and Aspects 
IV.  Manipulative Skills Rubric (assessed summatively over the course)
	Manipulative Skills 

	 
	ASPECTS

	LEVELS/score
	Following Instructions
	Carrying out techniques 
	Working safely

	Complete/2
	Follows instructions accurately, adapting to new circumstances (seeking assistance when required).
	Competent and methodical in the use of a range of techniques and equipment. 
	Pays attention to safety issues. 

	Partial/1
	Follows instructions but requires assistance. 
	Usually competent and methodical in the use of a range of techniques and equipment. 
	Usually pays attention to safety issues. 

	Not at all/0
	Rarely follows instructions or requires constant supervision
	Rarely competent and methodical in the use of a range of techniques and equipment.
	Rarely pays attention to safety issues.


· Properly use equipment, paying special attention to safety issues.  Follow all instructions accurately, adapting to new circumstances.
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S = standard deviation�Σ = sum of�X = individual score�M = mean of all scores�n = sample size (number of scores)
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