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Statistical Parameters 
 
Psychometric analysis applies statistical principles to determine the suitability of the 

proposed items based on the responses and their individual relationship with the rest of 
the answers, thereby detecting whether the proposed items are appropriate to assess the 
level of knowledge, degree of facility, and degree of discrimination between high and low 
conceptual skills [1-4]. 

The statistical parameters collected in the tables were calculated on the basis of the 
classical test theory and those are directly reported by Moodle platform (https://docs.moo-
dle.org/dev/Quiz_statistics_calculations) in the statistics report section. Equations to rep-
resent the Facility Index (FI) and Discrimination Index (DI) adapted from Moodle Statis-
tics are indicated below. 

 𝐹𝐼(%) = 𝑥௣തതത − 𝑥௣(𝑚𝑖𝑛)𝑥௣(𝑚𝑎𝑥) − 𝑥௣(𝑚𝑖𝑛) 100 

 
Facility Index (FI; % correct), which is defined as the average score on the item and 

it means how easy or difficult an item is, with respect to the rest of the other items inside 
the quiz. In the Moodle statistics xi(min) is always zero, so the above equation is simpli-
fied to: 
 𝐹𝐼(%) = 𝑥௣തതത𝑥௣(𝑚𝑎𝑥) 100 

 
where 𝑥௣തതത is the mean value from all values obtained for the total users who did 

every item and 𝑥௣(max) is the maximum value obtained for that item. If the questions 
could be distributed as correct/incorrect, this parameter would coincide with the percent-
age of students who responded to the items correctly. The higher the facility index, the 
easier the question is (for this group of students). 

The Discrimination Index (DI) is a coefficient of correlation among the scores of each 
particular item with respect to the complete quiz. Its mathematical expression is: 

 𝐷𝐼(%) = 100 𝐶(𝑥௣, 𝑋௣)ට𝑉൫𝑥௣൯𝑉(𝑋௣) 
 

where  
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𝐶(𝑥௣, 𝑋௣) = 1𝑆 − 1෍(𝑥௣(𝑠) − 𝑥௣തതത)(𝑋௣(𝑠) − 𝑋௣തതത)௦ఢௌ  

 𝑉(𝑥௣) = 1𝑆 − 1෍(𝑥௣(𝑠) − 𝑥௣തതത)ଶ௦ఢௌ  

 
The lot of students 𝑠𝜖𝑆 who have completed at least one attempt on the quiz. The 

quiz has a number position of position 𝑝𝜖𝑃 
The weakness of this statistic is that, unless the facility index is 50%, it is impossible 

for the discrimination index to be 100%, or, to put it another way, if FI is close to 0% or 
100%, DI will always be very small. That makes interpreting this statistic difficult. 

DI can obtain negative values. Positive values indicate items that discriminate right 
questions, while those negative values are items that are answered by low-performing 
students. This means that items with a negative DI are answered incorrectly by students, 
which penalizes the majority of students. 

The Discriminative Efficiency (DE) gets around that weakness in the DI by expressing 
C (xp,Xp) as a percentage of the maximum value it could have taken given the scores the 
students got on this question, and the test as a whole. 

 𝐷𝐸(%) = 100 𝐶(𝑥௣, 𝑋௣)𝐶௠௔௫(𝑥௣, 𝑋௣) 
 
The reference values proposed by the Moodle platform for these indicators in a sum-

mative quiz are: for FI, a value between 35-65% is considered correct for the average stu-
dent. Higher/lower values indicate that the difficulty of the question decreases/increases, 
respectively. A value between 30-50% is considered adequate for the discrimination index. 
Upper/lower values indicate good/bad discrimination, respectively. However, these val-
ues may vary depending on the data obtained and the aim of the test [5]. Some authors 
propose a value higher than 20% as a good result in both FI and DI index [6]. 
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Figure S1. FI-DI diagrams corresponding to the two types of quizzes. Scales axis are in percentage. Own elaboration based on this 

study. 
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Figure S2. DE diagrams corresponding to the ten items (true/false) of each BQ. Own elaboration based on this study. 
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Figure S3. FI-DI diagrams of the different items in each TBQ. Own elaboration based on this study. 
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