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Case 1: Identical Elements 
Table 2 Verification Case 1
	Case 1: verification
	Results

	Is the exercise (part of) a class 2 exercise?
	Rule-only. Name of the relations is fixed.

	Reasoning with relation algebra
	

	· Is the rule free of type errors?
	Yes:


	· How does the rule work?
	The antecedent collects all RelationNames in this student model. 
The consequent collects all RelationNames in this reference model. 
The names in the student model must also be in the reference model.

	· Does the rule produce information about the concepts being investigated?
	Yes, 
violations are incorrect RelationNames in the student model. 

	· Are the multiplicities defined in the model effective in this rule?
	Yes: 
The relations with RelationName are UNI, TOT which is needed here. Starting from RelationName, the compositions will result in identical pairs.

	· Does the rule work if the student creates endo-relations?
	Yes:
The sign of a relation is not relevant in this rule.

	· Does the rule work if the student creates duplicates?
	Partly:
If the duplicates have names that are in the reference model, this is evaluated as not wrong.
A remedy is added for this: signalling that there are duplicates.

	· Does the rule produce the correct response if not all applicable relations in the student model are populated?
	Yes:
No relations = no error

	Test Cases
	

	· Does the rule produce a violation message for each variant with an error?
	Partly:
Not when there are duplicates


	· Does the rule NOT produce a message for each variant that is correct?
	Yes

	· What are the situations in which the rule is ineffective?
	Duplicate relation names in the student model.


	Is the feedback informative?
	

	· What level of detail is possible with this rule?
	The name of the violating relation can be mentioned. Or no name at all.

	· Can the student be informed correctly in case the rule is practically ineffective?
	

	Any extra instructions about the reference model?
	There must be no duplicate names in the reference model.



Case 2: The source of a relation 
Table 5 Verification Case 2
	Case 2: verification
	Results

	Is the exercise (part of) a class 2 exercise?
	

	Reasoning with relation algebra
	

	· Is the rule free of type errors?
	Yes

	· How does the rule work?
	The name of a relation is combining the source concept in both models in a pair. And they should be identical.

	· Does the rule produce information about the concepts being investigated?
	Yes:
About Concept

	· Are the multiplicities defined in the model effective in this rule?
	No
All kinds of complex combinations are not recognized or flagged as incorrect while they are correct.
Complexity lies in duplicates: 
When the referencemodel has duplicates and the student model is correct, we get non-identical (stus_src,ref_src) pairs and thus violations.

Also when the student model incorrectly duplicate names, this results in violations that confuse.

	· Does the rule work if the student creates endo-relations?
	Yes, 
Only the source is checked, target concept is not evaluated in this rule.

	· Does the rule work if the student creates duplicates?
	No, see above

	· Does the rule produce the correct response if not all applicable relations in the student model are populated?
	Yes

	Test Cases
	

	· Does the rule produce a violation message for each variant with an error?
	No:
Relation name has to be known

	· Does the rule NOT produce a message for each variant that is correct?
	No:
Duplicates are always reported as error

	· What are the situations in which the rule is ineffective?
	Duplicate relation names

	Is the feedback informative?
	

	· What level of detail is possible with this rule?
	Mention violating concept or give general message.

	· Can the student be informed correctly in case the rule is practically ineffective?
	Yes

	Any extra instructions about the reference model?
	No duplicate relation names



Case 3: Related concepts

Table 9 Verification Case 3
	Case 3: verification
	Results

	Is the exercise (part of) a class 2 exercise?
	Yes:
Rule-Rel exercise

	Reasoning with relation algebra
	

	· Is the rule free of type errors?
	Yes

	· How does the rule work?
	The source-target combination in the student model must be present in the reference model as source-target combination or target-source combination

	· Does the rule produce information about the concepts being investigated?
	Yes:
It reports on the concepts that are connected (related)

	· Are the multiplicities defined in the model effective in this rule?
	All involved relations are UNI and TOT. No unwanted cross-combinations.

	· Does the rule work if the student creates endo-relations?
	Yes:
As the relations are separated this does not work as a duplicate

	· Does the rule work if the student creates duplicates?
	No:
duplicates in this case is the combination of two concepts that are connected with a rule. 

	· Does the rule produce the correct response if not all applicable relations in the student model are populated?
	Yes:
When there are no relations defined, there is no message.

	Test Cases
	

	· Does the rule produce a violation message for each variant with an error?
	No:
Test case e (duplicates)

	· Does the rule NOT produce a message for each variant that is correct?
	Yes

	· What are the situations in which the rule is ineffective?
	Duplicates

	Is the feedback informative?
	

	· What level of detail is possible with this rule?
	Concepts can be mentioned; one can be mentioned. Relations cannot be mentioned due to multiplicity problems.

	· Can the student be informed correctly in case the rule is practically ineffective?
	Yes, remedies come up only in case of duplicates.

	Any extra instructions about the reference model?
	No duplicates



Case 4 Antecedent/Consequent : (done)


Table 7 Verification Case 4
	Case 4: verification
	Results

	Is the exercise (part of) a class 2 exercise?
	Yes:
Both class2 types can use this. The rule can work with an anonymous model.

	Reasoning with relation algebra
	

	· Is the rule free of type errors?
	Yes

	· How does the rule work?
	The rule uses elements in the student model only.
Antecedent collects all rules that have a relation expression in the antecedent.
All these rules cannot be in the set of rules that have relation terms in the consequent.

	· Does the rule produce information about the concepts being investigated?
	Yes:
It is about rules.

	· Are the multiplicities defined in the model effective in this rule?
	There are no multiplicities for sAnt and sCons. 
If there are zero relations, the antecedent is FALSE and the implication TRUE. No violation.
Each relation in sAnt will produce an identical pair at least.
If there are more relations in more rules, the intersection with I makes sure we end up with only identical pairs in the antecedent. 

	· Does the rule work if the student creates endo-relations?
	Yes:
Source and target of the relation are not relevant for the rule. 

	· Does the rule work if the student creates duplicates?
	n/a 
The concepts involved: rule and relationID do not have duplicates. 

	· Does the rule produce the correct response if not all applicable relations in the student model are populated?
	Yes:
If sAnt is empty, the antecedent is empty and the implication TRUE
If sCons is empty, the consequent is equal to V and the implication TRUE.

	Test Cases
	

	· Does the rule produce a violation message for each variant with an error?
	Yes

	· Does the rule NOT produce a message for each variant that is correct?
	Yes

	· What are the situations in which the rule is ineffective?
	Can’t think of any

	Is the feedback informative?
	

	· What level of detail is possible with this rule?
	The rule that violates can been indicated.

	· Can the student be informed correctly in case the rule is practically ineffective?
	n/a

	Any extra instructions about the reference model?
	n/a
This is a direct rule




Test case 5: anonymous model
This case is about 5 rule each checking part of the pattern of the model.

[bookmark: _Ref461881649]Table 13 Test cases for Anonymous model exercise  
	Test cases for exercise 5
	Rule:
Three concepts
	Rule:
Three relations
	Rule:
No endo-relations
	Rule:
Unique sign
	Rule:
No flipped sign

	Test case 5a
	-
	-
	-
	-
	-

	Test case 5b
	-
	-
	-
	-
	-

	Test case 5c
	-
	-
	Violation
	-
	-

	Test case 5d
	Violation
	Violation
	-
	-
	-

	Test case 5e
	-
	Violation
	
	Violation
	-

	Test case 5f
	-
	-
	-
	Violation
	-

	Test case 5g
	-
	-
	-
	-
	Violation

	Test case 5h
	-
	-
	-
	Violation
	-

	Test case 5i
	-
	Violation
	-
	-
	-

	Test case 5j
	Violation
	Violation
	Violation
	Violation
	Violation

	Test case 5k
	-
	X
	-
	-
	-




Table 13 Verification Case 5
	Case 5: verification
	Results

	Is the exercise (part of) a class 2 exercise?
	No, it is class 3!

	Reasoning with relation algebra
	

	· Is the rule free of type errors?
	Yes

	· How does the rule work?
	Each checks a specific characteristic and together the five rules assure the model is like model a or b.

	· Does the rule produce information about the concepts being investigated?
	Yes, the concepts and the relations

	· Are the multiplicities defined in the model effective in this rule?
	 For nextRelation and nextConcept is completely depends on correct assignment these relations. The other relations used are studRel_src and studRel_tgt, both are UNI, TOT.

	· Does the rule work if the student creates endo-relations?
	Yes

	· Does the rule work if the student creates duplicates?
	Yes

	· Does the rule produce the correct response if not all applicable relations in the student model are populated?
	No, if there is no relation, there is no message.

	Test Cases
	

	· Does the rule produce a violation message for each variant with an error?
	No, it does not see 0,1 elements

	· Does the rule NOT produce a message for each variant that is correct?
	Yes

	· What are the situations in which the rule is ineffective?
	Test case k: If there are no relations or one relation, this will not trigger a message, Same for concepts

	Is the feedback informative?
	

	· What level of detail is possible with this rule?
	

	· Can the student be informed correctly in case the rule is practically ineffective?
	

	Any extra instructions about the reference model?
	no




