BST Question-by-Question Test Analysis

We are interested in determining what subset of BST questions, if any, has the strongest degree of correlation with course grades, and in general whether all questions have the same quality. 

A detailed question-by-question analysis was carried out using data from the 2008 BST 1. A test diagnostic analysis was performed to investigate the level of difficulty and the degree of discrimination of each test question. A second analysis was then carried out to measure the correlation of scores on individual test questions with course grades. Finally, a parallel analysis was also carried out using the principles of Item Response Theory. 

1. Test Diagnostic Analysis

The following parameters were computed for each test question. Results are shown in Table 1. 

1.1 Level of difficulty

The level of difficulty (p-value) of a test question is defined as the percentage of students who answered the question correctly, 






 Number of students who got the question right



Level of Difficulty = 






  Number of students who answered the question

P-values range from 0 to 1; the higher the p-value, the less difficult the question is for the examinees.

1.2 Discrimination Index

The discrimination index, DI, is a measure of the performance on a question for students who did well on the test overall relative to those who did poorly. In test diagnostics, there are various definitions of the discrimination index; in the present analysis, we define DI as





DI = pt – pb

where pt is the fraction of students in the top 1/3 of the distribution who answered the question correctly, and pb is the fraction of students in the bottom 1/3 of the distribution who answered the question correctly. 

DI values range from –1 to +1. DI values close to 1 indicate that only the high-performance students (i.e. students in the top 1/3 of the distribution) answered the question correctly, suggesting that the question can discriminate very well between the students who know the content and those who don’t. DI values close to 0 indicate that a large fraction of low-performance students (i.e. students in the bottom 1/3 of the distribution) answered the question correctly, suggesting that the question does not discriminate well between the students who know the content and those who don’t. Negative DI values occur when a test question is answered correctly largely by students who do not perform overall well on the test, thus indicating a possible flaw in the question. Typically, test questions with DI values of 0.3 – 0.7 are accepted as good discriminating questions. 

2. Correlation to Course Grades

2.1 Correlation Coefficient

The point-biserial correlation coefficient, r, was used to investigate the correlation between individual BST question scores and course grades. The point-biserial correlation coefficient is a correlation coefficient used when one variable is dichotomous (e.g. 0 or 1, as the score on an individual test question). The point-biserial correlation is defined as 



Mr - Mx
           r  =  

      √    p / (1 – p) 



    Sx
Where Mr is the mean for those who answer the question of interest correctly, Mx is the overall course grade mean, Sx is the standard deviation of the course grades, and p is the question difficulty (p-value).

Mathematically, the point-biserial correlation coefficient is equivalent to the Pearson correlation coefficient, thus similar criteria are used to interest the coefficient. The typical criteria for the interpretation of a correlation coefficient in the social sciences are

· |r| ≥ 0.5 for strong correlation

· 0.3 ≤ |r|< 0.5 for medium-strength correlation

· 0.1 ≤ r < 0.3 for weak correlation. 

2.2 Percentage of students who answered a question correctly but failed the course

To identify whether an easy question (level of difficulty > 80%) would still carry any predictive information about student success in the course, for each test question we calculated the percentage of failing students who answered the question correctly. A 

failing student is a student who received a grade of 47 or less in the course. 

Table 1: Results from the Test Diagnostic and Correlation to Course Grades Analysis

	
	Level of difficulty

 
	Discrimination Index


	r

	% of failing students who got Qs right

	Qs/Course
	180
	184
	180
	184
	180
	184
	180
	184

	1
	93.0
	93.5
	0.19
	0.07
	0.15
	0.10
	89
	91

	2
	82.5
	83.0
	0.33
	0.27
	0.10
	0.12
	72
	77

	3
	47.0
	47.5
	0.51
	0.57
	0.13
	0.20
	33
	39

	4
	96.5
	93.7
	0.07
	0.20
	0.14
	0.20
	93
	85

	5
	89.7
	88.2
	0.22
	0.26
	0.12
	0.13
	84
	82

	6
	92.3
	90.9
	0.15
	0.32
	0.16
	0.20
	86
	82

	7
	92.5
	95.5
	0.25
	0.12
	0.12
	0.15
	84
	88

	8
	89.0
	91.5
	0.17
	0.16
	0.04
	0.06
	88
	89

	9
	36.9
	26.4
	0.69
	0.59
	0.29
	0.29
	18
	15

	10
	86.9
	80.1
	0.34
	0.42
	0.14
	0.25
	78
	68

	11
	80.8
	81.1
	0.55
	0.55
	0.32
	0.33
	57
	56

	12
	47.4
	42.8
	0.67
	0.66
	0.34
	0.36
	29
	26

	13
	83.9
	81.1
	0.46
	0.49
	0.27
	0.25
	75
	70

	14
	88.1
	85.4
	0.34
	0.47
	0.28
	0.33
	78
	66

	15
	74.8
	73.0
	0.69
	0.71
	0.38
	0.42
	43
	44

	16
	88.1
	87.6
	0.32
	0.24
	0.20
	0.16
	80
	79

	17
	88.6
	89.7
	0.33
	0.35
	0.26
	0.30
	72
	79

	18
	80.6
	77.1
	0.44
	0.58
	0.27
	0.27
	60
	57

	19
	80.6
	78.9
	0.48
	0.37
	0.15
	0.20
	70
	68

	20
	64.0
	60.4
	0.80
	0.74
	0.39
	0.35
	35
	38

	21
	79.0
	73.6
	0.47
	0.44
	0.23
	0.25
	60
	60

	22
	77.6
	66.1
	0.44
	0.53
	0.19
	0.19
	66
	61

	23
	56.3
	55.0
	0.63
	0.58
	0.36
	0.26
	31
	38

	24
	74.1
	77.9
	0.42
	0.46
	0.20
	0.24
	64
	65

	25
	37.6
	35.5
	0.78
	0.79
	0.34
	0.37
	13
	19

	26
	73.6
	60.9
	0.61
	0.60
	0.21
	0.22
	61
	51

	27
	32.5
	25.2
	0.66
	0.64
	0.26
	0.32
	11
	11

	28
	68.0
	56.8
	0.45
	0.46
	0.16
	0.20
	54
	46

	29
	56.3
	57.0
	0.34
	0.41
	0.04
	0.12
	58
	57

	30
	28.5
	26.2
	0.29
	0.35
	0.16
	0.20
	22
	16


3. Item Response Theory

Item Response Theory (IRT) is the study of test and test question (test item) scores based on assumptions concerning the mathematical relationship between abilities and item responses.

The basic idea of IRT is to construct a curve for each test question (the item characteristic curve) that describes the probability that a student with a certain ability has to answer the question correctly. The student ability level is based on overall test scores and is expressed on a scale that ranges from –4 to +4, with negative values corresponding to low ability levels. 

A number of parameters can be obtained from the item characteristic curve to describe the characteristics of each test item:

· Item discrimination index, a parameter related to the steepness of the item characteristic curve in the region of average ability; it is a measure of the performance on a particular item related to the performance on the whole test (similarly to the DI in Section 1.2). It ranges from –1 to 1; negative values or values close to 0 indicate low discrimination, positive large values close to 1 indicate high discrimination.

· Item difficulty index (or location index), a parameter related to the location on the ability scale of the inflection point of the item characteristic curve; it has the same range as the ability scale 

· Item guessing index  (for multiple-choice items), a parameter related to the probability that a student with the lowest ability level has to answer the item correctly. After examining how students with low abilities answer the most difficult items in the test, a guessing index is determined when students with abilities answer the most difficult items correctly to some extent. 

For this analysis, data from 2008 MATH 180 and MATH 184 were collapsed in one data set. Results are shown in Table 2.  

Table 2: Results based on Item Response Theory.

	Q
	Discrimination
	Difficulty 
	Guessing

	1
	0.39
	-4.00
	0.150

	2
	0.41
	-2.07
	0.150

	3
	0.60
	0.75
	0.180

	4
	0.79
	-2.49
	0.150

	5
	0.44
	-2.83
	0.150

	6
	0.71
	-2.20
	0.150

	7
	1.14
	-3.22
	

	8
	0.27
	-4.65
	0.150

	9
	1.14
	0.94
	0.087

	10
	1.01
	-1.85
	

	11
	1.13
	-0.98
	0.150

	12
	0.72
	0.32
	0.033

	13
	1.25
	-1.93
	

	14
	1.04
	-1.36
	0.150

	15
	2.06
	-1.60
	

	16
	0.57
	-2.04
	0.150

	17
	1.10
	-1.44
	0.150

	18
	0.87
	-1.01
	0.150

	19
	0.51
	-1.49
	0.150

	20
	0.89
	-0.43
	0.000

	21
	0.65
	-1.00
	0.150

	22
	0.56
	-0.82
	0.150

	23
	0.55
	-0.25
	0.000

	24
	0.76
	-1.35
	

	25
	1.66
	0.87
	

	26
	0.85
	0.07
	0.343

	27
	1.54
	1.33
	

	28
	0.39
	-0.35
	0.150

	29
	0.89
	1.48
	0.480

	30
	0.62
	2.06
	0.149


4. Discussion

Difficulty: 

For students in both courses, the following test questions were not so difficult (level of difficulty > 80%): Q 1, 2, 4, 5, 6, 7, 8, 10, 11, 13, 14, 16, 17. Similar information is obtained from IRT. In particular, IRT analysis indicates that Q 1 and 8 were particularly easy. The most difficult questions appear to be Q 9, 25, 27, 30, as confirmed also by the IRT analysis. Note that the IRT analysis also indicates Q 29 as a difficult item, however its high guessing index might explain why the level of difficulty of this question is as high as 56%. 

Overall, questions that are too easy may not provide any useful predictive information, especially when a large fraction of students who answered them correctly failed the course. This seems to be the case for Q 1, 4, 5, 6, 7, 8, and 16, for which more than 80% of the students (in some cases as high as 93%) who did not pass the course answered the question correctly. This seems to indicate that the skill(s) tested in this question is(are) not a good indicator of success in the course. On the other hand, questions should not be too difficult. For example, Q 30 has a level of difficulty not far from 20% (which corresponds to random guessing) and may therefore be above the ability level of the students.

Discrimination:

If the mastering of basic skills is a good predictor of success in the course, then test questions with a high degree of discrimination are desirable. Based on DI values, Q 12, 15, 20, 25, and 27 have the highest degree of discrimination (DI > 0.65) between students who performed well overall on the BST and those who did not, whereas Q 1, 4, 5, 6, 7, 8 have all DI (average) values below 0.30, thus are all poorly discriminating questions. The IRT analysis identifies Q 15, 25, and 27 as the most discrimant test items, and Q 1, 2, 5, 8, and 28 as the least discriminant ones.  

Correlation to course grades:

Finally, we compare the correlation coefficients of each question. Very low values of r are found for Questions 8 and 29, suggesting that there is no linear dependence between answering those questions correctly and succeeding in the course. Similarly, a weak correlation is also observed for Questions 1, 2, 5, and 7. The highest correlation coefficients instead are found for Q 12, 15, 20, and 25, suggesting that this subset of questions correlates best with course grades. 

5. Conclusions

This analysis shows that Q 1, 2, 4, 5, 6, 7, 8, 29 are poor test items that carry little predictive information on student success in the course, Q 30 is perhaps too difficult, while Q 26 has a high guessing factor, probably due to low quality distracters. Thus, we would recommend to change/review these questions for future versions of the test. The subset of questions that has the highest correlation with course grades is Q 12, 15, 20, 25.

Table 3. 

	Q
	Difficulty 
	Guessing 
	Correlation
	Predictive Info
	Recommendation

	1
	very easy
	 
	very weak
	very low
	change

	2
	easy
	 
	very weak
	low
	review/change

	3
	difficult
	 
	 
	 
	 

	4
	very easy
	 
	 
	very low
	review/change

	5
	very easy
	 
	very weak
	low
	review/change

	6
	very easy
	 
	 
	low
	review

	7
	very easy
	 
	very weak
	very low
	review/change

	8
	very easy
	 
	no correlation
	very low
	change(*)

	9
	very difficult
	 
	medium
	 
	 

	10
	easy
	 
	 
	low
	 

	11
	medium/easy
	 
	medium
	 
	keep 

	12
	difficult
	 
	Medium/high
	 
	keep

	13
	easy
	 
	 
	low
	 

	14
	easy
	 
	medium
	low
	 

	15
	medium/easy
	 
	medium/high
	 
	keep

	16
	easy
	 
	 
	low
	 

	17
	easy
	 
	 
	low
	 

	18
	medium difficulty
	 
	 
	 
	 

	19
	easy
	 
	 
	 
	 

	20
	medium difficulty
	 
	medium/high
	 
	keep

	21
	easy
	 
	 
	 
	 

	22
	easy
	 
	 
	 
	 

	23
	medium difficulty
	 
	medium
	 
	 

	24
	easy
	 
	 
	 
	 

	25
	difficult
	 
	medium/high
	 
	keep

	26
	medium difficulty/easy
	high
	 
	 
	make short answer

	27
	very difficult
	 
	medium
	 
	 

	28
	medium difficulty
	 
	 
	 
	 

	29
	medium difficulty (?)
	high
	no correlation
	 
	change

	30
	very difficult
	 
	 
	 
	review


(*) the low quality of this item is likely due to the presence of a faulty distracter, and not necessary poor content  

6. Regression Analysis

A multiple linear regression analysis was performed using data from both Math 180 and 184 from the 2008 BST 1. The analysis shows that Q 15, 20, 25, 12, 23, 14, 21, 30, 11, 27, 17, 9, 4, 13 are the test items that have a significant correlation with course grades, whereas the remaining test questions do not contribute significantly. In addition, the degree of correlation is the highest for Q 15, 20, 25, 12, 23, which confirmed previous results. 

7. Question-by-Question Analysis on 2007 BST 1

A test diagnostic analysis was also performed on the 2007 BST 1. Results are shown Table 4.

Table 4. 

	 
	difficulty
	discrimination
	% of failing students who answered Q correctly
	r

	Q/course
	180
	184
	180
	184
	180
	184
	180
	184

	1
	0.72
	0.72
	0.28
	0.38
	0.63
	0.65
	0.16
	0.15

	2
	0.68
	0.68
	0.65
	0.66
	0.55
	0.54
	0.24
	0.19

	3
	0.65
	0.63
	0.52
	0.62
	0.55
	0.42
	0.15
	0.23

	4
	0.25
	0.18
	0.57
	0.37
	0.15
	0.04
	0.24
	0.22

	5
	0.92
	0.89
	0.29
	0.36
	0.87
	0.71
	0.17
	0.24

	6
	0.84
	0.78
	0.53
	0.58
	0.68
	0.59
	0.25
	0.28

	7
	0.83
	0.79
	0.45
	0.54
	0.71
	0.59
	0.29
	0.26

	8
	0.89
	0.86
	0.31
	0.43
	0.90
	0.74
	0.13
	0.20

	9
	0.70
	0.63
	0.60
	0.75
	0.53
	0.45
	0.26
	0.27

	10
	0.73
	0.69
	0.67
	0.60
	0.66
	0.48
	0.17
	0.27

	11
	0.80
	0.74
	0.67
	0.57
	0.61
	0.49
	0.28
	0.29

	12
	0.81
	0.72
	0.56
	0.52
	0.66
	0.51
	0.27
	0.29

	13
	0.78
	0.70
	0.58
	0.64
	0.74
	0.51
	0.19
	0.27

	14
	0.81
	0.73
	0.58
	0.72
	0.68
	0.41
	0.25
	0.33

	15
	0.96
	0.97
	0.13
	0.06
	0.94
	0.99
	0.11
	0.02

	16
	0.61
	0.56
	0.54
	0.59
	0.52
	0.41
	0.22
	0.20

	17
	0.34
	0.30
	0.80
	0.66
	0.29
	0.23
	0.20
	0.20

	18
	0.82
	0.79
	0.45
	0.45
	0.68
	0.72
	0.20
	0.17

	19
	0.32
	0.27
	0.63
	0.65
	0.11
	0.19
	0.30
	0.19

	20
	0.58
	0.55
	0.55
	0.58
	0.52
	0.45
	0.18
	0.17

	21
	0.86
	0.85
	0.44
	0.39
	0.74
	0.67
	0.21
	0.23

	22
	0.56
	0.53
	0.72
	0.74
	0.40
	0.35
	0.26
	0.25

	23
	0.80
	0.78
	0.43
	0.24
	0.74
	0.75
	0.13
	0.10

	24
	0.92
	0.87
	0.36
	0.40
	0.85
	0.78
	0.18
	0.17

	25
	0.46
	0.43
	0.68
	0.58
	0.29
	0.25
	0.21
	0.27

	26
	0.72
	0.70
	0.62
	0.66
	0.55
	0.46
	0.29
	0.27

	27
	0.75
	0.67
	0.55
	0.63
	0.55
	0.45
	0.26
	0.26

	28
	0.86
	0.85
	0.31
	0.49
	0.81
	0.70
	0.13
	0.21

	29
	0.39
	0.33
	0.79
	0.71
	0.26
	0.13
	0.29
	0.30

	30
	0.63
	0.71
	0.33
	0.26
	0.58
	0.68
	0.13
	0.07


