Suggestion for QTI support for question variables, expressions and graphs


This specification has (largely) been implemented in the SToMP testing system (native PC), which has been used with students at the University of Surrey, UK. Not all the features have been used yet, however. Several of them have been included in anticipation of more widespread use, after discussions with other developers and academic colleagues. Suggestions for improvements or extensions, or any discussions about this proposal, are welcome.


Notes:


Parts in italics are suggestions that have not yet been implemented or properly thought through.


Question variables have been used with students.


Expressions and Graphs date from about 20/08/03, and have only a few examplars so far.


Text that is 'struck through' is thought not to be needed if the new <response_exp> element is used. This has not been completely thought through.


1 Question variables


1.1 <questvar_create> Element 


Description: This element defines a new variable, how its value (if any) is to be generated and how it is to be formatted. The variable can be used in one or more items (questions) within a section. It may be a randomised value, a value chosen randomly from a list, an expression (contained by the element) involving other question variables, or a new variable with no defined value that will be used later to hold the value of a users response to a question.


The formatting attributes will be used as the default print attributes in <matquestvar>. In addition, the value of the question variable will be that of the original value formatted according to these attributes.


Multiplicity: Occurs zero or more times within the <item> or <section> elements.


Elements: none.


Attributes:


ident (required). The identifier for the variable. This must be unique within the section.


Data-type = String (max of 32 chars).


minvalue (optional). If a range is being defined, then this is the (inclusive) minimum value of the range from which the variable’s value will be selected. If maxvalue is omitted, then the variable will be assigned the value of minvalue.


Data-type = String (max of 32 chars).


maxvalue (optional). If a range is being defined, then this is the (inclusive) maximum value of the range from which the variable’s value will be selected.


Data-type = String (max of 32 chars).


step (optional). If a range is being defined, then the permissible values will be minvalue plus multiples of this step value (to the precision of the machine being used) up to (but not necessarily including) maxvalue.


Data-type = String (max of 32 chars).


base (optional). The number base in which the value is to be displayed.


Data-type = String (max of 2 chars representing a base from 2 to 36).


digits (optional). The number of digits (before the base-point) which will be displayed. Leading zeros will be inserted if required. This is included for use with binary, octal and hexadecimal.


Data-type = String (max of 2 chars).


expression (optional with selection from the enumerated list of: Yes, No. Default=No). As an alternative to a range being defined, the element may contain an algebraic expression containing previously defined variables. Variable identifiers are to be enclosed in square brackets [].


Data-type = Enumerated list.


values (optional). A second alternative to a range of values, a list of possible values may be included here. Each value will have an equal probability of being selected.


Data-type = String (max of 256 chars, comma separated list of numeric values).


sig (optional). The number of significant figures with which the value is to be both created and displayed. If the value is sufficiently large that there are trailing zeros before the base-point, then e-format will be used to limit the number of significant figures being displayed.


Data-type = String (max of 2 chars).


dec (optional). The number of figures after the base-point with which the value will be both created and displayed.


Data-type = String (max of 2 chars).


eform (optional with selection from the enumerated list of: Yes, No. Default=No). This allows the value to be forced to use e-format (scientific format).


Data-type = Enumerated list.


If none of expression, minvalue or values are specified then the variable will not be initialised to a value until it is used in a <questvar_upate> element. If used in a <questvar_equal> element without being initialised, the test will return false.


1.2 <matquestvar> Element.


Description: The <matquestvar> element displays the value of a variable.


Multiplicity: This occurs zero or more times within the <material> element.


Elements: none.


Attributes:


ident (required). The identifier for the variable. This variable must already have been defined within the current section by means of a <questvar_var> element.


	Data-type = String (max of 32 chars).


base (optional). The number base in which the value is to be displayed.


Data-type = String (max of 2 chars representing a base from 2 to 36).


digits (optional). The number of digits (before the base-point) which will be displayed. Leading zeros will be inserted if required. This is included for use with binary, octal and hexadecimal.


Data-type = String (max of 2 chars).


sig (optional). The number of significant figures with which the value is to be displayed. If the value is sufficiently large that there are trailing zeros before the base-point, then e-format will be used to limit the number of significant figures being displayed.


Data-type = String (max of 2 chars).


dec (optional). The number of figures after the base-point with which the value will be displayed.


Data-type = String (max of 2 chars).


eform (optional with selection from the enumerated list of: Yes, No. Default=No). This allows the value to be forced into e-format (scientific format).


Data-type = Enumerated list.


The attributes sig, dec, eform, digits and base from <questvar_create> were introduced here on 10/09/03.





1.3 <questvar_equal> Element.


Description: The <questvar_equal> element allows a user response to be tested against the value and format of a question variable. If a value has never been assigned to a variable, then any tests against its value should return false.


Multiplicity: This occurs zero or more times within the <conditionvar>, <and> and <or> elements, or zero or once within the <not> element.


Elements: none.


Attributes:


respident (required). The identifier of the corresponding <response_num> element (assigned by its ident attribute).


Data-type = String (max of 32 chars).


varident (optional). For value checking. The identifier of the question variable created using a <questvar_create> element, (assigned by its ident attribute). If this attribute is omitted the value of the user response will be ignored and only the formatting will be checked.


Data-type = String (max of 32 chars).


digits (optional). For format checking. Specifies the number of digits to be used before the base-point. This is only expected to be used with non-decimal number bases.


Data-type = String (max of 2 chars).


inpercent (optional). For value checking. A value that will be interpreted as a percentage of the value of the variable. A user response that lies within plus or minus this percentage of the variable’s value will return true. Default value is zero.


Data-type = String (max of 32 chars).


inminus (optional). For value checking. A positive value that will be subtracted from the variable’s value to form the lowest value of the range of permissible values. Default value is zero.


Data-type = String (max of 32 chars).


inplus (optional). For value checking. A value that will be added to the variable’s value to form the highest value of the range of permissible values. Default value is zero.


Data-type = String (max of 32 chars).


minsig (optional) For format checking. Specifies the minimum number of significant figures that may be used for the result to be true.


Data-type = String (max of 2 chars).


maxsig (optional) For format checking. Specifies the maximum number of significant figures that may be used for the result to be true.


Data-type = String (max of 2 chars).


	N.B. If one of minsig or maxsig is specified but the other is not specified, then the missing attribute will be given the value of the one supplied.


mindec (optional) For format checking. Specifies the minimum number of figures that may be used after the base-point for the result to be true.


Data-type = String (max of 2 chars).


maxdec (optional) For format checking. Specifies the maximum number of figures that may be used after the base-point for the result to be true.


Data-type = String (max of 2 chars).


neg (optional with selection from the enumerated list of: Yes, No. Default=No). This allows the value of the specified variable to be negated before being used in the conditional test. (New - included September 2003.)


Data-type = Enumerated list.


	N.B. If one of mindec or maxdec is specified but the other is not specified, then the missing attribute will be given the value of the one supplied.


	Also - only minsig/maxsig or mindec/maxdec can be used in any one questvar_equal element.


1.4 <questvar_update> Element


Decription: The <questvar_update> element is used to update the value of a question variable, either by taking a value entered by the user, or by evaluating an expression (usually containing a variable updated from user input).


Multiplicity: This occurs zero or more times within the <respcondition> element.


Elements: none.


Attributes:


ident (required). The identifier for the variable. This must be unique within the section.


Data-type = String (max of 32 chars).


respident (optional). The identifier of the corresponding <response_num>, element (this was assigned using its ident attribute).


ifdef (optional). The identifier of another question variable. If this question variable is not initialised, then the update will not continue and the current question variable will remain uninitialised.


index (optional). The ordinal identifier of the corresponding user response.


base (optional). The number base in which the value will be displayed.


Data-type = String (max of 2 chars representing a base from 2 to 36).


digits (optional). The number of digits (before the base-point) which the value will be displayed. Leading zeros will be inserted if required. This is included for use with binary, octal and hexadecimal.


Data-type = String (max of 2 chars).


sig (optional). The number of significant figures with which the value will be displayed. If the value is sufficiently large that there are trailing zeros before the base-point, then e-format will be used to limit the number of significant figures being displayed.


Data-type = String (max of 2 chars).


dec (optional). The number of figures after the base-point with which the value will be displayed.


Data-type = String (max of 2 chars).


eform (optional with selection from the enumerated list of: Yes, No. Default=No). This allows the value to be forced to use e-format (scientific format) when displayed.


Data-type = Enumerated list.


N.B. It is unlikely that the formatting options would be used when retrieving a user entered value.


2 - Expressions


2.0 <response_exp> Element.


Description: The <response_exp> element provides for the presentation of questions where the response is to be a numeric or algebraic expression.


Multiplicity: Occurs zero or more times within the <presentation> element


Attributes


ident (required). The unique identifier for the response presentation block. This identifier will be used within the response processing structure to ensure the right set of response labels are processed.


	Data-type = String (max of 256 chars). 


rtiming (optional - enumerated list: No, Yes. Default=No). Indicates whether or not the responses are time dependent.


	Data-type = Enumerated list. 


exptype It might be helpful to the editor and to the response processing to specify the nature of the expression, (numeric, algebraic, other?)


Elements:


material


material_ref


render_choice


render_hotspot


render_slider


render_fib


render_exp


render_extension


2.1.1 <render_exp> element


Description: The <render_exp> element instructs the question-engine to render the question using an expression editing tool. The style of this editor might be controlled by attributes of the the <render_exp> element.


Multiplicity: Occurs zero or once within the <response_lid>, <response_xy>, <response_str>, <response_num>, <response_grp> and <response_exp> elements.


Attributes


pretext (optional) If present, this text will be displayed in the expression editor window when it first opens.


	Data-type = String (max of 256 chars).


Elements:


material 


material_ref 


response_label 


flow_label 


response_na


2.2 <matexp> element.


Description: The <matexp> element contains an expression that is to be displayed to the users. The expression can contain variables names enclosed in square braces.


Multiplicity: This occurs zero or more times within the <material> element.


Attributes: none at the moment. The size is automatic (defined by the expression). However, attributes probably should define the language of the expression. Or else it should always be Latex? If not - interoperability suffers. Possibly, it should be able to come from a text file, so there should be a uri attribute?


Elements: None.


2.3 <expr_equiv> element.


Description: The <expr_equiv> element is the test of the equivalence of a user's expression with a specified expression. The test is based upon the value to which that the expression should evaluate. The data for this test is contained in the elements PCDATA string. It comprises a comma separated list of equalities for any variables (not question variables) contained in the expression. For example, if the expression to be tested should be v=u+at then the PCDATA string might be "a=1,u=2,t=3,v=5". In general it is safer to supply more than one set of values and such sets are separated by a semicolon.


Multiplicity: This occurs zero or more times within the <conditionvar>, <and> and <or> elements, and zero or once within the <not> element.


Attributes:


respident (required). The identifier of the corresponding <response_exp> element (this was assigned using its ident attribute).


Data-type = String (max of 32 chars). 


index (optional). The ordinal identifier of the corresponding user response. This should be used when the order of the user response is significant to the response processing.


Data-type = String (max of 2 chars representing the order of 1st to 99th).


inpercent (optional). For value checking. A value that will be interpreted as a percentage of the value of the variable. A user response that lies within plus or minus this percentage of the variable’s value will return true. Default value is zero.


Data-type = String (max of 32 chars).


Elements: None.


3. Graphs.


3.1 <render_graph> element.


Description: The <render_graph> element instructs the question-engine to render the graph in the question in a mode than allows user input. The precise nature of the user input is defined in the response attribute.


Multiplicity: Occurs zero or once within the <response_lid>, <response_xy>, <response_str>, <response_num>, <response_grp> and <response_exp> elements.


Attributes:


Response (required, with selection from the enumerated list of: Xypos, Line, Points). This specifies the user's interaction with the graph.


Data-type = Enumerated list.


Elements: None.


3.2 <matgraph> element.


Description: The <matgraph> element places a graph into the question.


Multiplicity: This occurs zero or more times within the <material> element.


Attributes: (those marked with a * may contain variable identifiers enclosed in square braces).


width (required). This identifies the width in pixels of the graphic containing the graph.


Data-type = String (max of 4 chars representing a positive integer).


height (required). This identifies the pixel height in pixels of the of the graphic containing the graph.


Data-type = String (max of 4 chars representing a positive integer).


style (required, with selection from the enumerated list of: Dataxy, Function)


Data-type = Enumerated list.


xrange * (required). A comma separated pair of real values representing the range of the x axis and, if a function is being displayed, the range of x values for which y values are to be calculated.


Data-type = String (max of 32 chars representing two, comma separated values).


yrange * (optional). A comma separated pair of real values representing the range of the x axis to be displayed. If omitted, the graphing facility will automaticaly calculate a suitable range.


Data-type = String (max of 32 chars representing two, comma separated values).


data * (optional). A list of comma separated pairs of data values, each pair in braces, e.g. (x1,y1)(x2,y2) etc.


Data-type = String.


title * (optional) The title to be placed at the top of the graph.


Data-type = String (max 250 characters).


xtitle * (optional) The title to be placed along the x-axis.


Data-type = String (max 250 characters).


ytitle * (optional) The title to be placed along the y-axis (text vertical).


Data-type = String (max 250 characters).


points (optional, with selection from the enumerated list of: dot, plus, cross, square, triangle, circle, solidsquare, solidtriangle, solidcircle). For use with dataxy style of graph, this specifies the shape used to mark the data points. If omitted, none will be plotted.


Data-type = Enumerated list.


line (optional, with selection from the enumerated list of: None, Black, Red, Blue, Green. Default = Black). This specifies the colour of the line to be plotted. If 'none', no line will be plotted.


Data-type = Enumerated list.


function * (optional) If the style of the graph is 'function' then this attribute supplies the function to be plotted. over 200 datapoints will be calculated between the x valued defined in 'xrange'


Data-type = String.


Elements: None


3.3 <graph_point> element


Description: The <graph_point> element allows a poitn selected on a graph to be checked against preset or question variable values in the parameter space of the graph (rather than in pixel space like the <varinside> element.


Multiplicity: This occurs zero or more times within the <conditionvar>, <and> and <or> elements, and zero or once within the <not> element.


Attributes: (those marked with a * may contain variable identifiers enclosed in square braces)


respident (required). The identifier of the corresponding <response_exp> element (this was assigned using its ident attribute).


Data-type = String (max of 32 chars). 


index (optional). The ordinal identifier of the corresponding user response. This should be used when the order of the user response is significant to the response processing.


Data-type = String (max of 2 chars representing the order of 1st to 99th).


xval * (required) the value of the x-coordinate to be compared with the user value


Data-type = String (max of 32 chars). 


xrange * (required) the allowed range of the x-coordinate user value


Data-type = String (max of 32 chars). 


yval * (required) the value of the y-coordinate to be compared with the user value


Data-type = String (max of 32 chars). 


yrange * (required) the allowed range of the y-coordinate user value


Data-type = String (max of 32 chars). 


Elements: None
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