MPLUS SYNTAX BUILDER
FOR TESTING FORCED-CHOICE DATA WITH
THE THURSTONIAN IRT MODEL

USER GUIDE

INTRODUCTION

Brown and Maydeu-Olivares (2011) have recently introduced an item response theory (IRT) model
capable of modeling responses to any forced-choice questionnaire. The Thurstonian IRT model is a
multidimensional item response model with some special features that can be straightforwardly
estimated using the general modeling software Mplus (Muthén & Muthén, 1998-2010). However,
programming these models in Mplus is tedious and error-prone except for very small models, as one
need to impose parameter constraints that reflect the within-block patterned relationships among
items. However, the model is conceptually so simple that the Mplus programming can be easily
automated.

This is a user guide to a very simple Excel macro that writes the Mplus syntax necessary to fit the IRT
model to any forced-choice questionnaire. Furthermore, a detailed tutorial on how to model different
types of forced-choice questionnaires and how to score respondents on the measured attributes is
provided by Brown and Maydeu-Olivares (2012).

In this user guide, we describe how to code responses to forced-choice questionnaires and how to
build Mplus syntax files for different forced-choice designs. We cover different block sizes (items
presented in pairs, triplets, quads) and their common and specific features. We cover both full ranking

and partial ranking designs.

PREPARING THE DATA FILE

BINARY CODING OF PAIRWISE PREFERENCES

Mplus syntax for the Thurstonian IRT model requires the forced-choice responses to be coded using
binary outcomes (dummy variables).
The outcome of any pairwise comparison {A, B} is coded
1, 1if item A was preferred to item B
0, 1if item B was preferred to item A
In other words, it is coded 1 if the first item in the pair was preferred to the second, and it is coded 0

otherwise.
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How TO CODE FULL RANKING BLOCKS

Any rank ordering of n items can be equivalently coded as n(n-1)/2 pairwise comparisons using the
binary coding above. For instance, to code a rank ordering of 4 items A, B, C and D, we need to
consider outcomes of 6 pairwise comparisons:

{A,B} {ACt {AD} {BC} {BD} {CD}

Then, the ordering {B, A, D, C} can be equivalently coded using binary outcome variables as follows:
{A,B}=0 {A,C}=1 {A,D}=1 {B,C}=1 {B,D}=1 {C,D}=0

Or simply

011110

HOW TO CODE PARTIAL RANKING BLOCKS (‘MOST’-‘LEAST’ RESPONSE
FORMAT OR SIMILAR)

Sometimes respondents are only asked to report one item that best describes them and one that
least describes them. Such partial ranking formats result in missing binary outcomes whenever the
block size is 4 items or more.

For instance, if out of 4 items A, B, C and D the item B was selected as ‘most” and item C was selected
as ‘least’, the ordering of items A and D is not known:

{A,B}=0 {A,C}=1 {A,D}=* {B,C}=1 {B,D}=1 {C,D}=0

Or simply

01*110

The respondents might be only asked to report one item that best describes them. Such partial
ranking formats result in missing binary outcomes whenever the block size is 3 items or more.

For instance, if out of 3 items A, B, and C, the item B was selected as ‘most’, the ordering of items A
and Cis not known:

{A,B}=0 {A,C}=* ({B,C}=1

Or simply

0*1

CONVERTING THE RANK ORDERS OR ‘IPSATIVE POINTS’ TO BINARY
OUTCOMES

If the forced-choice data have been recorded using rank orders of items within each block, or
reversed rank orders as is often the case with already “ipsative scored” items, the responses should
be recoded as binary outcomes of pairwise comparisons before submitting them to the Mplus
analysis. This recoding can be easily performed using standard statistical software prior to modeling

with Mplus. For instance, in SPSS conditional statements are used:
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IF (i1>i2) ili2=1.
IF (il<i2) ili2=0.

RECODE i1li2 (SYSMI1S=99).
EXECUTE .

Alternatively, DEFINE commands can be used to recode the data within Mplus.
For rank-orderings, binary outcomes of all pairwise combinations of n items within each block are
computed as differences between the ranks of the second and the first items in the pair, as follows:
DEFINE:
ili2 = item2-iteml;
ili3 = item3-iteml;
etc.
For ‘ipsative item scores’, which are inverted rank orders, we use
DEFINE:
ili2 = iteml-item2;
ili3 = iteml-item3;
etc.
Then, all outcomes are cut at 0, creating binary variables with value 1 if the difference was greater
than 0, and value 0 otherwise.
CUT 1112 i1li3 .. (0);
For incomplete rankings, outcomes of comparisons where preferences between items are not known
should be coded as missing data, using conditional statements, for example:
IF (i2 GT il1) THEN i1li2=1;
IF (i2 LT 11) THEN i1i2=0;
IF (i2 EQ 11) THEN ili2=_MISSING;
In addition, when missing data is present, the missing responses have to be imputed prior to model

estimation. This is described in Example 2 below.

STEP-BY-STEP TUTORIAL FOR CREATING MPLUS SYNTAX

STEP 1. ENTERING FILE NAMES AND BASIC INFORMATION ABOUT THE
QUESTIONNAIRE DESIGN
When the Excel application is first opened, the ‘Step 1’ page is presented.

This page requires as input the name of the data file containing the binary outcomes (the data file
may contain additional variables), the name of a file to save the respondents scores (this is optional),
the number of forced-choice blocks in the questionnaire and the block size. The page looks as follows:
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[Cn R ARl Mplus syritax creatar v1xlem - Micrasoft Excel
“ Home | st Pagelayow  Formulas  Dats  Redew  View  Develper c @ =@ =
;A‘ P calibr Ju s W mfm| e EwepTe General . m B | Normal Bad = __I_I ;;""”s""" ?r ﬂ

Uy cepy - . Fin = =
parte -’fil'mnlﬁuud B L U- T- B-A- BWW EPFE BHregescemer- F-n o+ 8 A J..T.".."j}:“..';' re:::::n Good Neutral Bien Delee fomat | o :?I:ﬂ :::
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Instructions -
Type the title of your model (optional): [ I
Data file names
* Type the name of your data file:
Type the name of the file to save people's scores (optional):
Questionnaire features
* Insert the block size (number of statements per block):
* Insert total number of blocks:
Next >>
v
W4 r M Stepl © 14 i
(=0 w0 S

sy |

All fields that require information are marked with an asterisk. If no file name is supplied for saving

the people’s scores, no corresponding line of Mplus syntax will be created.

After the user presses the ‘Next’ button, the ‘Step 2’ page is presented.

STEP 2. ENTERING THE NUMBER OF MEASURED ATTRIBUTES AND THE
QUESTIONNAIRE KEY

At Step 2, the user is required to enter the number of attributes measured by the questionnaire.

Next, the user specifies whether the data contains full or partial rankings by selecting either “full’ or

‘partial’ from the dropdown list. This question only appears if the block size is 3 or more.
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B e Mplus syntax creator vLlem - Microsoft Excel == &3

“ Home | Wsert  Pagelayowt  Formelas  Data  Review  View  Developer o i@ =@ 2
- c : - g 3 3 =X asesum = g
1o calibri du s ™ mm| ®e EwepTem General . m W | vormal | Bad = & [ oo }r o
U cogy - . - g
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e < rarmat painter | -8 A- B W W PFE Fwgencene - Bk L) Formatting « Table - : s v i & Clear +
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Infoermation about measured traits and ranking format

Enter number of attributes measured by the questionnaire:
* ls this full or partial ranking?

Questionnaire key
* Enter the attribute ID corresponding to each item.
For example, if item 1 measures attribute number 2, enter "2" opposite item 1.
(you can paste ready-made questionnaire key or type below)
If any items are keyed negatively, mark them with "x".

<< Back Mext >>

Item _J_Mtribute ; Mark an\_{_nesativelv keyed items with "x"
1

WO s B Wk

=
MO O

=
=

=
w0

M 4 » ¥ Step2 3 [4] | 2
Ready | 2 | | EEE|I a0 () L) &)

Next, there is a table for inserting the questionnaire “key”. The “key” is simply a numbered list of all
questionnaire items, and the user has to indicate which attribute (referred to by its number) each
item measures. The macro also has an option to indicate any negatively keyed items. These are items
designed to represent low attribute scores, such as “l keep in the background” to indicate
Extraversion. This information is optional and is only used for assigning better (negative) starting

values for factor loading parameters.

Pressing the ‘Next’ button takes the user to the ‘Step 3’ page.

STEP 3. ENTERING EXPECTED CORRELATIONS BETWEEN ATTRIBUTES

Step 3 is optional and enables the user to provide starting values for the attribute correlation matrix.
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Correlations between attributes 2
To improve convergence of the model, insert expected correlations between attributes: o Rack | Create Mplire Syrta |
[This is optional infarmatian)
1 2 3 a5
1 ll 1] o o 4]
2| 1 o 0 0
3 1 o 0
4 1 4]
50 1
v
M 4 » ¥ Step3 14/ Al
Ena o U ®

STEP 4. VIEWING AND COPYING MPLUS SYNTAX
With all previously supplied information, the Excel macro creates the full Mplus syntax, which can be

viewed immediately in Excel, and also copied to a ready-to-execute Mplus input.

To copy the syntax, highlight all lines of syntax (it is only written in one column) and copy it to the
clipboard. The copied text can be pasted directly into an Mplus input file (.inp) and saved.

The user may now close the excel application, or, alternatively press the ‘Start over’ button to return

to the Step 1 and create a new Mplus syntax.
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EXAMPLES

EXAMPLE 1. BUILDING SYNTAX FOR BLOCKS OF 3 ITEMS USING FULL
RANKING FORMAT

This is an example of creating Mplus syntax for testing forced-choice data arising from blocks of 3
items, using the full ranking format. In this case, the format is full ranking if the respondents are
asked to rank order items, or to select one item that describes them most and on that describes them
least. In both cases all outcomes of pairwise comparisons between items are known.

In this simple example, 3 attributes are measured by 4 blocks. The assignment of items to measured
attributes is as follows:

Item Attribute | Keying
1 1 +
2 2 +
3 3 +
4 1 -
5 2 +
6 3 +
7 1 +
8 2 +
9 3 -
10 1 +
11 2 -
12 3 +

The technical detail for this design can be found in Brown and Maydeu-Olivares (2012), Example 1.

First, we enter the basic detail of this design into the ‘Step 1’ form and press ‘Next’:
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_ Home Insert  Pagelayowt  Formelas  Data  Review  View  Developer o i@ =@ 2
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" =
Instructions -
Type the title of your model (optional): Block size n=3, full ranking
Data file names
* Type the name of your data file: triplets.dat

Type the name of the file to save people's scores (optional): |results_triplets.dat

Questionnaire features
* Insert the block size (number of statements per block): 3
* Insert total number of blocks: 4
Next >>
v

M4 » v Stepl 14 : ] Al
Next, we specify that the number of measured attributes is 3, the data is full ranking, and enter the
questionnaire “key”, as follows:

[Eali R LR Mplus syritax creatar vi.xlsm - Micrasoft Excel = [‘.[?'TJ &3
_ Home | inmrt  Pagtlmewt  Formulas  Date  Reiew  View  Develper L
:“I :::‘F’ ) calibr N ':l W Ewap T General F :_m ﬁ .. Naormal | Bad : ",- ? !I_I ;::T“"' % }I ﬂ
PR permatpainer | B F R Ec G- A B W W[ FE Ewgeacme: | F-n o0 WS F;m:;l bedad | Neutral || P O ot |y, So peda

Crptced s Food s AMignment i) Heurdier i Styles Cebs Lating
Infermation about measured traits and ranking format 2
Enter number of attributes measured by the questionnaire: =

* Is this full or partial ranking? m
Questionnaire key
* Enter the attribute ID corresponding to each item.
Far example, if item 1 measures attribute number 2, enter "2" opposite item 1.
(you can paste ready-made questionnaire key or type below) << Back | Next >>
If any items are keyed negatively, mark them with "x".
Item Attribute  Mark any negatively keyed items with "x"
1 1
2 2
3 3
4 1ix
El 2
1) 3
7 1
8 2
9 3[x
10 1
11 2x
12 3
3
M 4 » ¥ Step2 3 [4] u ] 3|
Reaty | 23 | | EEE I . aso () 0 )

After pressing the ‘Next’ button, we can enter expected correlations between the measured
attributes. This step is optional. In the below screen shot, we do not change default zero correlations.
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After pressing the ‘Next’ button,
input file ready for execution.
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we can view the Mplus syntax, and copy and paste it to an Mplus

= (=P £2
e @ =@ 2
o,

Paned
Moty

4l
Al

[TITLE: Block size n=3, full ranking

A |

DATA: FILE IS 'triplets.dat’;

VARIABLE: | It is assumed that the input file contains only item responses
| Any additional variables should be added below
Names ARE

i1i2

ilia

i2i3

i4is

idie

i5ie

i7ig

i7ig

igig

i10i11

i10i12

i11i12;

USEVARIABLES ARE i1i2-i11i12;

CATEGORICAL ARE ALL;

1
2
3
4
5
6
7
E
]

10
11
12
13
14
15
16
17
128
19
20
21
22
23
24
2
26

27 MODEL:

Nl}nﬂwb.

ANALYSIS:
ESTIMATOR = ulsmv;
PARAMETERIZATION = theta;

w

=

I |

Ready | 2 |

|0 w0 ()

EXAMPLE 2. BUILDING SYNTAX FOR BLOCKS OF 4 ITEMS USING ‘MOST-

LEAST’ RANKING FORMAT

Copyright Anna Brown 2012



This is an example of creating Mplus syntax for testing forced-choice data arising from blocks of 4

items, using the partial ranking format. Partial ranking arises in blocks of 4 items if the respondents

are asked to select one item that describes them most and on that describes them least. In this case,

the outcome of one pairwise comparison is not known — this is the comparison between items that

are not selected as ‘most’ or ‘least’.

In this simple example, 4 attributes are measured by 3 blocks. The assignment of items to measured

attributes is as follows:

Iltem Attribute | Keying
1 1 +
2 2 -
3 3 +
4 4 +
5 1 -
6 2 +
7 3 +
8 4 +
9 1 +
10 2 +
11 3 -
12 4 +

The technical detail for this design can be found in Brown and Maydeu-Olivares (2012), Example 2.

First, we enter the basic detail of this design into the ‘Step 1’ form and press ‘Next’:

[Cr{R R R Mpluis syritax creator Ladsm - Microsoft Excel

T Record Macra
! < B

Vil Macros

Bz

Revigw View Developer

T mpont

# & Propertes
- i € & Prpaasian paca

Al
L
Decument
Pand
Mlosidy

= [EP &3

@ = 2

Instructions

Type the title of your model (optional): Block size n=4, 'most-least’ format

|

Data file names

* Type the name of your data file: quads_most_least.dat

Type the name of the file to save people's scores (optional): |results_guads_most_least.dat

Questionnaire features

+

* Insert the block size (number of statements per block):

* Insert total number of blocks: 3

Next >>

H4r ¥ Stepl 3 K]

sy |

(BRI vow ) ==

Next, we specify that the number of measured attributes is 4; the data is partial ranking, and enter

the questionnaire “key”, and indicate negatively keyed items (optional) as follows:
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Infermation about measured traits and ranking format -
Enter number of attributes measured by the questionnaire: ” =
* ls this full or partial ranking?
Questionnaire key

* Enter the attribute ID corresponding to each item.
Far example, if item 1 measures attribute number 2, enter "2" opposite item 1.
(you can paste ready-made questionnaire key or type below)
If any items are keyed negatively, mark them with "x".

<< Back | Mext >>

Item Attribute  Mark any negatively keyed items with "x"

1 3
2 2|x
3 3
4 4
5 1ix
[ 2
7 3
8 4
9 1
10 2
11 3x
12 4
3
M 4 » ¥ Step2 3 [4] = | 2
Ready | 3 | =)D 5305 () L)
After pressing the ‘Next’ button, we can enter expected correlations between the measured
attributes. This step is optional. In the below screen shot, we enter expected correlations. These will
be used as starting values in Mplus estimation.
LE " B R Mplus synitax creator vialsm - Microsoft Excel = [‘[:'-ﬂ EE
__ Home | st Pagelayt  Formulas Dot Review  View  Developer c@ =8
| W calibri Ju Jaw w e e EwepTm Genera - B B verma |/8aa e I (W] ;"‘““"" AT A
i Copy = A L | | e E & Fn -
parte ::_(:m_lmm B S U- - A- BW W RE Foageacens- Fon o+ @A F;m:;l rormut a5 (G204 Neutral | Bl ii| T R kB
Chpticard & () o Alignitient ] toumdier [ stiles el Liditing
Correlations between attributes =
To i.m.pmve_ cnnv.ergenr.e _ofthe model, insert expected correlations between attributes: o Rack Create Mplire Syrta ]
[This is optional infarmatian)
1 2 3 4
1 1 -0.4 o 0.4
2 1 0.3 -0.3
3 1| 0|
4 1
v
W 4r ¥ Step3 O ﬂli--i DE
Reacty | 3 | [EED ) asow (O y—y

After pressing the ‘Next’ button, we can view the Mplus syntax, and copy and paste it to an Mplus input

file ready for execution.
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= [ E3

“ Wome | st Pagelayow  Formelas  Data  Redew  View  Developr EA -

= Cu = s —_— o e,
| Ao caiiri Ju sy " mfm ®e FwepTe General - B B verma fad e e |
R circ : 1 == D
Pasts g 5 oy- LT o o B aerge & Cartar = - v %8 S Conmticeal Farmatas Good Neutral _ bsen Delste Feemat
Y < Fotmat Painter 2 - B MR Regracene- | W A | marting - Tania . |2 || P Do P | o

I astotum = Ay
i

Aligniment 5 urrier & Cels Eiitin

[ A | ® c D E F G H 1 ]
18 i7i8

20 i9i10

21 i9i11

22 i9i12

23 il0i11

24 i10i12

25 i11i12;

26 USEVARIABLES ARE il1i2-i11i12;
27 CATEGORICAL ARE ALL;

28 |MISSING ARE ALL *;

29

30 |Data IMPUTATION:

31 (IMPUTE = i1i2-i11i12;

32 |NDATASETS = 20;

33

34 ANALYSIS:

35 ESTIMATOR = ulsmv;

36 PARAMETERIZATION = theta;
37

38 MODEL:

38

40 Traitl BY

41 i1i2*1 (L1)

42 i1i3*1 (L1)

43 i1i4*1 (L1)

44 i5i6*-1 (L5)

45 iSi7*-1 (LS)
Niil‘Mphlsf'J. ]‘

e count4 | BEID) 0 120w (=)

It can be seen that in this case of partial ranking, the multiple imputation facility provided by Mplus is

uxn

used. By default, the symbol used for recognising missing outcomes in the syntax is
MISSING ARE ALL *;

If the missing outcomes were coded differently, the asterisk needs to be replaced with the appropriate
code. For instance, if 99 is the missing indicator, use the following syntax

MISSING ARE ALL (99);

EXAMPLE 3. BUILDING SYNTAX FOR BLOCKS OF 2 ITEMS (ITEM-PAIRS)
WHEN THE NUMBER OF MEASURED ATTRIBUTES IS GREATER THAN 2
This is an example of creating Mplus syntax for testing forced-choice data arising from item-pairs,
when more than 2 attributes are measured. In this case, no item uniqueness can be identified. It is
convenient to assume that uniquenesses for bot item utilities involved in a comparison equal 0.5, so
that uniqueness of each pair can be set to 1.

In this simple example, 3 attributes are measured by 6 item-pairs. The assignment of items to

measured attributes is as follows:

Item Attribute | Keying
1 1 +
2 2 +
3 3 +
4 1 +
5 2 +
6 3 +
7 1 +
8 2 -
9 3 +
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The technical detail for this design can be found in Brown and Maydeu-Olivares (2012), Example 3.

’

First, we enter the basic detail of this design into the ‘Step 1’ form and press ‘Next’:

[Cr R R R Mplus syritax creatar v1xlem - Micrasoft Excel = [ep £3
“ Home | st Pagelayow  Formulas  Dats  Redew  View  Develper L@ =@ =
*‘ A cairl i AN e . ?‘ 5 I ,..,_I T astofum = A Iﬁ
4 Copy - : i
2 AP B I Q- @ »-A- FEW 9 o | v ;.I:‘h

Crpboesd e i Lting
% =3
Instructions -
Type the title of your model (optional): Block Size n = 2, Measuring 3 Attributes |

Data file names
* Type the name of your data file: pairs3traits.dat
Type the name of the file to save people's scores (optional):

Questionnaire features
* Insert the block size (number of statements per block): 2
* Insert total number of blocks:

Next >>

W4 r M Stepl & IE! b |
B | 9 | | s

Next, we specify that the number of measured attributes is 3, and enter the questionnaire “key”, as

follows:
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Infermation about measured traits and ranking format
Enter number of attributes measured by the questionnaire: 3

Questionnaire key

* Enter the attribute ID corresponding to each item.
For example, if item 1 measures attribute number 2, enter "2" opposite item 1.

(you can paste ready-made questionnaire key or type below) << Back Next >>

If any items are keyed negatively, mark them with "x".

Item _Att(ibute Mark an\_{_nesati\relv keyed items with "x"

£

=
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-
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After pressing the ‘Next’ button, we can enter expected correlations between the measured
attributes. This step is optional, and is not different from specifying these correlations in Example 1.

After pressing the ‘Next’ button, we can view the Mplus syntax, and copy and paste it to an Mplus

input file ready for execution.

EXAMPLE 4. BUILDING SYNTAX FOR BLOCKS OF 2 ITEMS (ITEM-PAIRS)
WHEN THE NUMBER OF MEASURED ATTRIBUTES IS EXACTLY 2

This is an example of creating Mplus syntax for testing forced-choice data arising from item-pairs,
when exactly 2 attributes are measured. In this case, we have an exploratory two-factor analysis

model with p binary variables.

In this simple example, 2 attributes are measured by 6 item-pairs. The assignment of items to
measured attributes is as follows:

Iltem Attribute | Keying
1 1 +
2 2 +
3 1 +
4 2 +
5 1 +
6 2 +
7 1 +
8 2 -
9 1 -
10 2 +
11 1 +
12 2 -

The technical detail for this design can be found in Brown and Maydeu-Olivares (2012), Example 4.
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First, we enter the basic detail of this design into the ‘Step 1’ form and press ‘Next’:

=

=T

%50 Mplus syntax creator vlxlsm - Microsoft Excel

n Home | ingert  Pagelayowt  Formelas  Data  Review  View  Devsloper

™ A Cw
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Chpboard 5 foet = rles Cells Listing
Instructions |
Type the title of your model (optional): Block Size n = 2, Measuring 2 Attributes
Data file names
* Type the name of your data file: pairs2traits.dat
Type the name of the file to save people's scores (optional):
Questionnaire features
* Insert the block size (number of statements per block): 2
* Insert total number of blocks:
Next >>
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Next, we specify that the number of measured attributes is 2, and enter the questionnaire “key”, as

follows:

[Cr R R R Mplus syitax creator v1xdsm - Microsoft Excel = [ep £3
n Home | Wnsert  Pagelayowt  Formelas  Data 2@ =@ B
§ :r:, ) calitri Ju s w | = oe B | Norma e # !_I f . AR,

s BLR-E oA = rmat ke Formal | oy s :l..:-h
Cipticard & font & trles Celly Eiiting
Infermation about measured traits and ranking format |
Enter number of attributes measured by the questionnaire: 2 % =
Questionnaire key
* Enter the attribute ID corresponding to each item.
For example, if item 1 measures attribute number 2, enter "2" opposite item 1.
(you can paste ready-made questionnaire key or type below) << Back Next >>
If any items are keyed negatively, mark them with "x".
Item Attribute  Mark any negatively keyed items with "x"
1| 1 '
2 2
3 1
4 2
5 1
1) 2
7 1
8 2|x
9 1ix
10 2
11 1
12 24
=
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After pressing the ‘Next’ button, we can enter expected correlations between the measured

attributes. This step is optional.
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After pressing the ‘Next’ button, we can view the Mplus syntax, and copy and paste it to an Mplus
input file ready for execution.
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