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Background and context

• 2015-2017; 6 semester cohorts
• Dynamics students (mostly mechanical engineering)
• Data shown here for first 4 cohorts (N = 325)
• Vector proficiency test; 29-31 items
• 8 items involve scalar (dot) product
• Computation: 2 easiest items
• Use in a context: amongst most difficult; includes 4 most difficult
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6 semester cohortsTrouble with software, so falling back on 4 cohort dataDynamics – first tutorial – vector refresher testEthical approval29 items in tests 1 and 2, 31 items in tests 3-6 (3-4). 22 items in common including all 8 discussed here.2 easiest items on the test were computing the scalar product. The 4 most difficult involved using the scalar product in a context, the remaining 2 are also amongst the most difficult. 



Rasch analysis

• Premise: student response to item is a function of proficiency and 
item difficulty. Emphasis on measurement.

• Problems ranked on axis of difficulty, matched against axis of student 
proficiency (the item map)

• Item characteristic curves show observed versus expected responses 
of quantiles

• Multiple choice distractor curves show distractor preference across 
quantiles

• Software used: RUMM2030
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The Rasch measurement model was initially developed by Georg Rasch in the 1960s. Its fundamental premise is that a student’s response to item is a function of student proficiency and item difficulty. It uses a metric called “logits” (logarithmic odds) to estimate probabilities and produce measurement-like data on both student proficiency and item difficulty. I use the RUMM2030 software, developed by a team at the University of Western Australia. Of the available output, I shall show the item map, 2 item characteristic curves and two multiple choice distractor curves; and I shall explain them. 



---------------------------------------------------------------------------------------- 
LOCATION          PERSONS     ITEMS [uncentralised thresholds] 
---------------------------------------------------------------------------------------- 
  5.0                      |  
                           |  
                           |  
                           |  
                         × |  
  4.0                      |  
                         × |  
                           |  
                           |  
                        ×× |  
  3.0                    × |  
                       ××× |  
                  ×××××××× | I0013.1   
                        ×× | I0023.1   
                    ×××××× |  
  2.0            ××××××××× | I0022.1  I0006.1   
                  ×××××××× |  
               ××××××××××× | I0038.1   
          ×××××××××××××××× | I0040.1  I0034.1   
            ×××××××××××××× | I0007.1  I0037.1   
  1.0     ×××××××××××××××× | I0021.1   
                ×××××××××× | I0016.1  I0020.1   
              ×××××××××××× | I0005.1  I0024.1   
                ×××××××××× | I0035.1  I0029.1   
                ×××××××××× | I0008.1  I0039.1  I0002.1   
  0.0              ××××××× | I0017.1  I0028.1   
                  ×××××××× | I0031.1  I0026.1   
                     ××××× |  
                        ×× | I0009.1  I0019.1  I0033.1   
                       ××× | I0003.1  I0025.1   
 -1.0                  ××× |  
                        ×× | I0004.1  I0010.1   
                         × | I0015.1   
                           | I0011.1   
                         × | I0012.1   
 -2.0                      | I0036.1   
                           |  
                           | I0018.1   
                           |  
                           | I0027.1   
 -3.0                      |  
                           | I0014.1  I0001.1   
                           |  
                           |  
                           |  
 -4.0                      |  
---------------------------------------------------------------------------------------- 

Items requiring use of the scalar 
product as part of a larger process 
(23, 22, 13, 6, 7, 21) 

Items requiring basic scalar product 
(1, 14) 
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This is the item map.The items involving the scalar product are circled in red. The items are on one side and the students (multiple students per x) are on the other. Each item has had its difficulty estimated and each student has had their proficiency estimated. From bottom to top the items go easy to difficulty, and the students go from low to high proficiency.A student at the same level as an item means a student with that level of proficiency has a 50% chance of answering an item of that level of difficulty correctly. 



Two computation items

1. Evaluate the dot product <5,1,1>·<3,7,-1>  .
(A) 32 (B) 16 (C) 63 (D) 21 (E) 50

14. Evaluate the dot product of 8i-j+4k and 3i+6j-2k.
(A) 10 (B) 24 (C) 11 (D) 25 (E) 38
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These are the two simple computation items. Their cross product counterparts were found quite a lot more difficult (Items 2 and 10)These are, by far, the two easiest items on the test. Hardly any students answered them incorrectly.The two different notations were included deliberately. There were five pairs of items with these two notations, for a different analysis.



Six contextual items

13. Angle between student-defined vectors.
23. Resolve a given vector into components parallel and orthogonal to 
another given vector.
22. Angle between student-defined vectors.
6. Resolve a given vector into components parallel and orthogonal to 
another given vector.
7. Volume of parallelepiped (scalar triple product).
21. Distance from point to plane.
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For brevity, I have not included the wording of the other 6 items here, but this is what they were about. 



Item 14 curves
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ICC: showing the comparison between observed and expected proportions of the quantiles answering the item correctlyMCDC: show item preference across quantilesI’m going to show you these curves for two items, items 14 (one of the very easy ones) and item 23 (one of the very difficult ones). Explain



Item 23 curves
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Here are the same curves for item 23. ICC suggests that all except for the top quantile were essentially guessing. However a look at the MCDC shows that is not quite the case. Discuss these curves – point out depth of info available. Items 6 and 23 are a deep puzzle – still a long way to go to figure out what is happening there. 



Typical errors

• Errors identified in the students’ rough work included
• Using the vector product
• Drawing unnecessary 3-d diagrams
• Confusion in using scalar product (incorrect use of modulus, unnecessary 

angle calculations, trying to write a scalar as a vector)
• Errors in basic arithmetic
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The test was multiple choice, no fully written work was submitted for grading. However in most cases the rough work was taken in. Only partial data is available on what the students did, but the data we do have is what makes it plain that the students, on the whole, don’t have any idea how to use the scalar product. 



Apparent underpinning issue

The geometric role of the scalar product is 
not understood. 

How the result of a scalar product can be 
interpreted is not known. 

Situations in which scalar product is useful 
are not recognized. 



Recommendations

• That both students and teachers not allow the simplicity of the scalar 
product notation to obscure the complexity of the contextual role of 
the scalar product.

• That many exercises (in lectures, tutorials, workshops, homework) be 
designed to approach the scalar product from a geometric or 
contextual point of view
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