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Abstract
Introduction: In survey research, continuous responses may represent a value, a lower or upper bound of a

value, or a range of values (e.g., the value of my car is $10,000, is greater than or equal to $9,000 or is
between $9,000 and $10,999). Dichotomous responses may represent an inequality in value (e.g., the value
of my car is higher than the value of that car). Given a dataset with continuous and dichotomous responses,
the hyreg command estimates the parameters of a hybrid regression model by maximizing a single likelihood
function, namely the product of the likelihoods of continuous and dichotomous responses. Analogous to
combining, for example, intreg and logit commands, this paper demonstrates the hyreg command using
simulated data and includes an example of an econometric specification from health preference research.
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1 Introduction

In survey research, respondents are commonly asked to consider the location of objects along a scale using
multiple tasks. For example, they may be asked to choose between 2 objects to express an inequality in value
(e.g., car A is preferred to car B [A>B]). Such dichotomous responses facilitate the consideration of multiple
differences in attributes and may mimic real world behaviour (i.e., action or inaction). Alternatively,
respondents may be asked to place objects at points along a scale (e.g., | am willing to pay $10,000 for car A) or
within intervals on a scale (e.g., | am willing to pay between $ 9,000 and $ 12,000 for car A). Respondents may
be asked whether an object is located above or below a threshold (e.g., car A>$9,000; open interval). Unlike
dichotomous responses, continuous responses (i.e., points or intervals along a scale) are more precise, but can be
more cognitively burdensome for respondents as well as they require greater numeracy or understanding of
labels. Whether a survey instrument captures the location of objects relative to other objects or at a point, within
an interval, or above/below a threshold on a scale, survey researchers require an analytical approach that takes
into account all available evidence. Notice that it is assumed high correlation between the different types of
responses as all survey questions are related to the same objects, however, this assumption should be tested first.
This paper introduces the hyreg command, which allows the estimation of a regression model with both
continuous and dichotomous responses by maximizing a single likelihood function, namely the product of the
likelihoods of dichotomous and continuous responses.

Like many innovations, this hybrid approach was borne out of necessity: specifically, Oppe and van Hout
created an econometric approach, for modelling EQ-5D-5L valuation data that integrates dichotomous responses
from discrete choice experiments (DCE; i.e., health A prefer to health B) with continuous responses from an
iterative choice-based task, known as the time-trade off (TTO) [1,2]. Using an iterative process, the TTO task
identifies the respondent’s value of a health description in terms of years in full health (equivalent statement;
i.e., health A for 10 years then die = full health for 8 years then die). Oppe and van Hout proposed to combine
TTO and DCE responses in a single model, calling it the hybrid approach [2]. They suggest a maximum
likelihood estimation of the product of the likelihood functions of a normal distribution for point observations
(TTO responses) and a logistic model for dichotomous observations (DCE responses) based on the difference
between the alternatives [3-5]. However, further review of the TTO responses revealed that their distribution
was largely uniform with clustering on specific numbers of the iteration process, which complicated their

interpretation [6].



During a scientific meeting in August 2014, Ramos-Gofii and Craig considered ignoring the equivalence
statements of the TTO task and focusing on the iterative procedure that led up to the statement. The TTO
choice-based process iteratively creates open and closed intervals (e.g., full health for 5 years < health state A
for 10 years < full health for 8 years) as a means of narrowing in on the equivalence statement. As an
exploratory analysis, these intervals were included as the dependent variable in the intreg command, which
produced results with greater face validity than regular linear regression on the equivalence statements alone.
Built from previous work on the hybrid approach [2-5], Ramos-Gofii and Craig decided to integrate the interval
responses from the TTO with the dichotomous responses from the DCE under a common likelihood
specification, which led to the development of the hyreg command.

The hyreg command further extends the hybrid approach to include 2 distributions (logistic and normal) and a
multiplicative function of scaling (i.e., as hetprobit or intreg using het(#) option). The hyreg command also
allows the dichotomous and continuous responses to have different distributions (logistic and normal) and have
different independent variables to model scaling terms. Although originally developed for health preference
research, the hyreg command can be used by anyone interested in combining continuous and dichotomous
responses in a single maximum likelihood function to estimate the parameters of a regression model on a scale

(e.g., sweetness, pain, wealth, value).

2 Description

Hyreg fits a hybrid model with both continuous and dichotomous responses by maximizing a single likelihood

function.

3 Syntax
hyreg depvarl [depvar2] [indepvars] [if] [in] , datatype(varname) [interval contdist(normal | logistic)

dichdist(normal | logistic) lI(#) ul(#) hetcont(varlist) hetdich(varlist) noconstant vce(oim | opg | robust | cluster

varname) maximize options]

hyreg works in a similar way to most other Stata regression commands. Each observation includes one response
described using one or two dependent variables (depvarl, depvar2) and one binary variable specified by
datatype() (1 indicating that the response is continuous and O indicating that the response is dichotomous). A

continuous response can be either a point or an interval (i.e., as for intreg). A dichotomous response is binary (0



or 1; i.e., as for probit). If the observations include only points and dichotomous responses, only one dependent
variable is required (depvarl). If the observations also include interval responses, the hyreg command requires
both the "interval" option and two dependent variables (depvarl, depvar2) indicating the boundaries of the
interval. With the "interval” option, a point response is indicated when the two dependent variables have the
same value (i.e., depvarl=depvar2). For open intervals (i.e., where either the left or right bounds are censored),
the open end of the interval is represented by a missing value. In summary, the specification of depvarl and

depvar2 depend on the type of observation;

Type of observation depvarl depvar2
point observation a=[aa] a a
interval observation [a,b] a b
left-censored observation (-inf,b] . b
right-censored observation [a,inf) a

dichotomous observation c c

a, b € ]-00,+ oo[ and ¢ € {0,1}

The contdist() and dichdist() options indicate the distributions for the continuous and dichotomous responses to
be used in the maximum likelihood estimator. Point responses can have a lower limit (11) and upper limit (ul;
i.e., as tobit) and the scaling of each distribution may be associated with independent variables (e.g.,
heteroskedasticity). Therefore, the hyreg command includes distributional modifiers, namely 11(), ul(),
hetcont(varlist), and hetdich(varlist). The default distributions are normal distribution for continuous responses

and logistic distribution for dichotomous responses and do not include any modifiers.
4 Options

Model

datatype(varname) specifies the variable name containing the indicators of response type. An observation is 0
when a dichotomous response is present and 1 when a continuous response is present. datatype() is
required.

interval is specified in the presence of a second dependent variable (depvar2). This second dependent variable

allows the inclusion of intervals among the continuous responses (i.e., depvarl is the lower bound, depvar2



is the upper bound) The open end of an interval is indicated by a missing value. With this option, a point
response is indicated when the two dependent variables have the same value (i.e., depvarl=depvar2).
contdist(normal | logistic) specifies the distribution that the model fits over the continuous responses.
normal fits a normal distribution for continuous responses.
logistic fits a logistic distribution for continuous responses
dichdist(normal | logistic) specifies the distribution that the model fit over the dichotomous responses.
normal fits a normal distribution for dichotomous responses, as a probit model does.
logistic fits a logistic distribution for dichotomous responses, as a logistic model does.
ul(#) right-censoring limit such that all point responses greater than or equal to this limit are treated as censored.
[I(#) left-censoring limit such than all point responses less than or equal to this limit are treated as censored.
hetcont(varlist) specifies the independent variables in the scaling function for the continuous distribution (i.e.,
Insigma).
hetdich(varlist) specifies the independent variables in the scaling function for the dichotomous distribution (i.e.,
Intheta).
noconstant suppresses the constant term (intercept) in the model of the scaled variable.
SE/Robust
vce(veetype) specifies the type of standard error reported, which includes types that are derived from asymptotic
theory (oim, opg), that are robust to some kinds of misspecification (robust), that allow for
intragroup correlation (cluster clustvar).
Maximization

maximize options: difficult, technique(algorithm spec ), iterate(#) , nolog, trace, gradient, showstep, hessian,

showtolerance, tolerance(#), Itolerance(#), nrtolerance(#), nonrtolerance, and init(init specs).

5 Example

To illustrate how hyreg works we created a dataset of 1,000 respondents with 17 responses for each respondent.
The 17 responses for each respondent include: 1 point response (Value of car A), 4 open interval responses
(value of car A is higher or lower than a threshold), 5 closed interval responses (Value of car A is between X
and Y) and 7 dichotomous responses representing inequalities (car A preferred to car B). This leads to 1,000
point responses. 2,000 left-censored intervals. 2,000 right-censored intervals. 5,000 closed intervals and 7,000

dichotomous responses. The values for continuous responses are scaled between 5-15 meaning thousands of



dollars and the values for dichotomous responses are 0-1 (1 if car B is chosen). The responses (N=17,000) has

been stored in the file hyreg_data.dta.

. use hyreg_data.dta

. describe

obs: 17,000
vars: 37 4 Mar 2016 20:14

size: 2,312,000

storage display walue

wvariable name type format label wvariable label
id long %8.0g
task int %8.0g Task ID on study design
order_id byte %8.0g Order of task presentation
colour byte %8.0g Colonr of the car (5 different colours)
wheels byte %8.0g Type of the wheels (5 typess)
sport_4x4 byte 38.0g Type of car from sport to 4x4 type (5 types)
andio byte %8.0g Type of andic system (5 types)
doors byvte %3.0g Type and number of doors (5 options)
B _colour float %9.0g Colonr of the car (5 different colours)
B _wheels float %9.0g Type of the wheels (5 typess)
B sport 4xd4 float %9.0g Type of car from sport to 4x4 type (5 types)
B andio float %9.0g Type of andic system (5 types)
B_doors float %3.0Q Type and nmmber of doors (5 options)
valuoe float %8.0g Responses (0-1 for inegmalities and missing for continioms walmes)
method float %9.0g Binary variable indicating the type of method used to obtain the response
lower double %10.0g Lower limit for the intervlas and inequmality responses
apper double %10.0g Upper limit for the intervlas and missing for ineguality responses
colouar2 float %9.0g Dummy (independent variable for the model)
colour3 float %9.0g Dummy {independent variable for the model)
colonr4 float %3.0Q Dummy (independent variable for the model)
colourh float %9.0g Dummy {independent variable for the model)
wheels2 float %9.0g Dummy ({independent variable for the model)
wheel=s3 float %9.0g Dummy {independent variable for the model)
wheels4 float %9.0g Dummy {independent variable for the model)
wheelss float %9.0g Dummy (independent variable for the model)
sport_ 4x42 float %9.0g Dummy {independent variable for the model)
sport_4x43 float %3.0g Dummy (independent variable for the model)
sport 4x44 float %9.0g Dummy {independent variable for the model)
sport_4x45 float %9.0g Dummy {independent variable for the model)
andio? float %9.0g Dummy ({independent variable for the model)
andio3 float %9.0g Dummy {independent variable for the model)
andiod float %3.0Q Dummy (independent variable for the model)
andiob float %9.0g Dummy {independent variable for the model)
doors2 float %9.0g Dummy (independent variable for the model)
doors3 float %9.0g Dummy {independent variable for the model)
doors4 float %9.0g Dummy {independent variable for the model)
doors5s float %9.0g Dummy (independent variable for the model)

Sorted by: id

The variable “method” indicates the type of response (0 for dichotomous responses; 1 for continuous responses).
. tab method

. tab method

Binary
wvariable
indicating
the type of
method used
to obtain

the
response Freq. Percent Cum.
0 7,000 41.18 41.18
1 10,000 58.82 100.00
Total 17,000 100.00



The data for each respondent is as follows: for the continuous responses, the independent variables represent the

description of car A (colour to doors). For dichotomous responses, we also include variables describing the

alternative (car B; B_colour to B_doors).

. list id-upper if id =—25590

id  task order_id colour wheels sport-x4 audic doors B colour B wheels B spor~4 B audio B doors value method lower upper
1 2590 53 1 2 2 4 3 4 1 10 11
2 2590 50 2 2 4 5 5 3 1 12 12.5
3. 2590 83 3 1 1 2 1 1 1 5 5.25
4 2590 52 41 1 1 4 2 5 1 6.5 7
5. | 2590 54 5 4 2 1 1 5 1 7 7.5
6 2590 49 6 1 3 1 2 2 1 7.5
T 2590 56 7 4 5 4 1 3 1 10
8. 2590 55 8 3 5 3 3 2 1 10 .
9 2590 51 S 5 1 1 5 2 1 10

10 2590 86 10 5 5 5 5 5 1 13.5 13.5

11. 2590 113 11 5 2 1 1 1 1 1 4 3 1 1 o 1

1z. 2590 135 12 5 4 5 5 5 3 5 5 3 5 1 o 1

13. | 2590 122 13 2 1 3 5 4 4 1 3 2 1 1 0 1

14. 2590 27 14 3 4 1 3 2 2 a 4 4 5 o o o

1s. 2590 105 15 2 4 5 2 3 4 5 1 2 5 o o o

16. 2590 169 16 1 1 4 4 5 3 2 1 1 5 o o o

7. 2590 11 17 3 5 2 1 1 41 2 5 5 1 o

Prior to analysis, all variables representing the attributes of cars A are recoded as dummy variables for
continuous responses. In case of dichotomous responses, the dummy variables of car B are subtracted from the

variables of car A so that the recoded dummy variables represent the differences between car A and B.

The default specification includes a normal distribution for continuous responses and the logistic distribution for
dichotomous responses. For purposes of simulation, the constant term was dropped. To incorporate the open and
closed intervals, the hybrid command must include the “interval” option and a second dependent variable (i.e.,

depvar2). In this case, the hybrid model estimates are as follows:

. hyreg lower upper colour2-doors5 , datatype (method) interval nocons nolog

Coef. S5td. Err. z B>lz| [95% Conf. Interval]
model

colour2 1.344763 .0884481 15.20 0.000 1.171408 1.518119
colourd 1.024789 .0984525 10.41 0.000 .8318259 1.217753
colour4 2.312743 .0966544 23.93 0.000 2.123303 2.502182
colours 2.488422 .036671 25.74 0.000 2.298351 2.677894
wheels2 1.611344 .0840598 19.16 0.000 1.446515 1.776173
wheels3 1.267405 .0979788 12.94 0.000 1.07537 1.45944
wheels4 1.952684 .0962394 20.29 0.000 1.764058 2.141309
wheelss 2.224468 .0B888176 25.05 0.000 2.050388 2.398547
sport_4x42 1.692613 .0B951 18.91 0.000 1.517176 1.868049
sport_4x43 1.25203 .0942327 13.29 0.000 1.067337 1.436723
sport_4x44 2.083887 .0956769 21.78 0.000 1.896363 2.27141
sport_4x45 2.065083 .0882375 23.45 0.000 1.896141 2.242025
audio2 1.596118 .0838017 13.05 0.000 1.431869 1.760366
audio3 1.338447 .0986938 13.56 0.000 1.145011 1.531883
audio4 2.303966 .0946902 24.33 0.000 2.118377 2.489555
audios 2.929835 .0952562 30.76 0.000 2.743136 3.116533
doors2 2.094111 .0885908 23.64 0.000 1.920476 2.267746
doors3 1.960386 .09853387 13.90 0.000 1.767826 2.154094
doors4 3.071502 .0900714 34.10 0.000 2.8943965 3.248039
doorss 3.217783 .088312 36.44 0.000 3.044694 3.390871

Insigma
_cons 1.253981 .0085759 130.95 0.000 1.235213 1.27275

lntheta
_cons -.8315329 .0344434 -24.14 0.000 -.899%0408 -.764025

1000 continuous uncensored observations
2000 continuous left-censored observations
2000 continuous right-censored cbservations
5000 continuous interval observations

7000 dichotomous observations



With a normal distribution for the dichotomous responses, the hybrid model estimates are as follows:

hyreg lower upper colour2-doors5 , datatype (method) contdist(normal) dichdist(normal) interval nocons nolog

Coef. Std. Err. z B>|z] [95% Conf. Interval]
model

colour2 1.361203 .0896599 15.18 0.000 1.185472 1.536933
colour3 1.022867 .0993353 10.30 0.000 .8281736 1.217561
colourd 2.339319 .0979142 23.89 0.000 2.147411 2.531227
colours 2.504011 .0976231 25.65 0.000 2.312673 2.695349
wheels2 1.623739 .05849729 19.11 0.000 1.457185 1.790283
wheels3 1.249896 .0986605 12.67 0.000 1.056525 1.443267
wheels4 1.933073 .0974855 15.83 0.000 1.742005 2.124141
wheelss 2.208389 .05898828 24.57 0.000 2.032222 2.384906
sport_4x42 1.700799 .0901446 18.87 0.000 1.524113% 1.877479
sport_4x43 1.246483 .0949004 13.13 0.000 1.060482 1.432484
sport_4x44 2.083483 .0964581 21.60 0.000 1.854428 2.272537
sport_4x45 2.059563 .0890736 23.12 0.000 1.884982 2.234144
audiod 1.616608 .054741 19.08 0.000 1.450518 1.782697
audio3 1.32147 .0995103 13.28 0.000 1.126434 1.516507
audiod 2.314139 .0954957 24.23 0.000 2.1265871 2.501307
audion5 2.933666 .0959325 30.58 0.000 2.745641 3.12169
doors2 2.103319 .0894827 23.51 0.000 1.5927936 2.278702
doors3 1.968084 .0994225 19.80 0.000 1.773218 2.162948
doors4 3.069516 .0906838 33.85 0.000 2.891778 3.247253
doorss 3.203245 .0896107 35.75 0.000 3.027611 3.378879

Insigma
_cons 1.253046 .0095754 130.86 0.000 1.234273 1.271814

lntheta
_cons 1.363679 .0322494 42.29 0.000 1.300471 1.426886

1000 continuous uncensored observations
2000 continuous left-censored observations
2000 continuous right-cenzored observations
5000 continuous interval observations

7000 dichotomous cbservations

With a logistic distribution for the continuous responses, the hybrid model estimates are as follows:

. hyreg lower upper colour2-doors5 , datatype(method) contdist(logistic) dichdist(logistic) interval nocons nolog

Coef. S5td. Err. z Bx»|z| [95% Conf. Interwval]
model

colour2 1.263469 .088078 14.34 0.000 1.090839 1.436099
colour3d . 901853 0974724 9.25 0.000 . 7108105 1.09289%6
colourd 2.206804 .0954519 23.11 0.000 2.019643 2.393965
colours 2.416781 .0961424 25.14 0.000 2.228345 2.605216
wheels2 1.612092 . 0836299 19.28 0.000 1.448181 1.776004
wheels3 1.202755 .096541 12.46 0.000 1.013538 1.391572
wheels4 1.885458 .0961765 19.60 0.000 1.6965956 2.073%61
wheels5 2.228747 .0881642 25.28 0.000 2.055949 2.401546
sport_4x42 1.694B619 .0898525 16.684 0.000 1.518515 1.871123
Sport 4x43 1.2378 0927731 13.34 0.000 1.005968 1.419631
Sport_4x44 2.049346 .0947613 21.63 0.000 1.863618 2.235075
sport_4x45 2.083945 .0872743 23.88 0.000 1.912891 2.25489939
audio2 1.59081 . 0831156 19.14 0.000 1.427506 1.753713
audio3 1.240533 .0976139 12.71 0.000 1.0459273 1.431913
audiocg 2.,22149 .0940198 23.63 0.000 2.037215 2.405766
audio5 2.921267 .0947456 30.83 0.000 2.735569 3.106965
doors2 2.166209 .087646 24.72 0.000 1.994426 2.3379952
doors3 1.950307 . 0972055 20.06 0.000 1.759787 2.140826
doorsd 3.025481 .0884588 34.19 0.000 2.852026 3.198935
doorss 3.259518 .087192 37.38 0.000 3.088624 3.430411

Insigma
_cons .6971123 .0108073 63.91 0.000 6707343 . T184502

Intheta
_cons -.5290934 . 0345098 -23.75 0.000 -.8975153 -.T7606715

1000 continuous uncensored observations
2000 continuous left-censored cbservations
2000 continuous right-censored observations
5000 continuous interval observations

7000 dichotomous cobservations



With a logistic distribution for the continuous responses and a normal distribution for the dichotomous

responses, the hybrid model estimates are as follows:

hyreg lower upper colour2-doors5 , datatype(method) contdist(logistiec) dichdist(normal) interval nocons nolog
Coef. 5td. Err. z Bx>|z| [95% Conf. Interval]
model
colour2 1.280671 .0B94655 14.31 0.000 1.105322 1.45602
colour3 . 8992594 .0982985 5.15 0.000 . 7065979 1.091821
colours 2.23168 .0967706 23.06 0.000 2.042013 2.421347
colours 2.4317384 .0971365 25.03 D0.000 2.2414 2.622168
wheels2 1.62347 .0B45193 15.21 0.000 1.457815 1.789124
wheels3 1.18437 .0972124 12.18 0.000 . 9938369 1.374503
wheelsd 1.8644238 .0972932 159.16 0.000 1.673736 2.055119
wheelss 2.212532 .0B9156% 24.82 0.000 2.037788 2.387276
sport_4x42 1.702845 .0903023 18.86 D0.000 1.525855 1.879834
Sport_4x43 1.232745 .0933047 13.21 0.000 1.049871 1.415619
sport_4x44 2.048329 .0954312 21.46 0.000 1.861287 2.235371
sport_4x45 2.075412 .0BB0446 23.57 D0.000 1.902848 2.247976
audio2 1.611453 .0B38582 15.22 0.000 1.447094 1.775813
audio3 1.224691 .0982763 12.46 0.000 1.032073 1.417309
audiod 2.232013 .094B568 23.53 0.000 2.046097 2.417929
audiod 2.926141 .0953487 30.69 0.000 2.739261 3.113022
doors2 2.175888 .0BB4085 24.61 D0.000 2.002611 2.349165
doors3 1.956895 .0979885 19.97 0.000 1.764841 2.148949
doors4 3.021881 .0B90481 33.54 0.000 2.847349 3.1596412
doors5 3.245708 .0BB4435 36.70 D0.000 3.072362 3.419054
Insigma
_cons . 6961352 .0109066 63.83 0.000 6747586 7175119
Intheta
_cons 1.361181 .0327107 41.61 0.000 1.237069 1.425293

1000 continuous uncensored observations
2000 continuous left-censored cbservations
2000 continuous right-censored observations
5000 continuous interval cobservations

7000 dichotomous observations



With a normal distribution for the continuous responses and a logistic distribution for the dichotomous
responses, but using heteroscedasticity in both types of responses, the hybrid model estimates are as follows:

hyreg lower upper colour2-doors5 , datatype(method) interval nocons nolog hetecont(colonr2-doors5) hetdich(colonr2-doorss)
Coef. std. Err. z P>|z| [95% Conf. Interval]
model
colour2 1.215438 097968 12.41 0.000 1.023424 1.407452
colour3 -9361072 .104181 8.98 0.000 -7319161 1.140298
colourd 2.180632 .1056835 20.63 0.000 1.973496 2.387767
colours 2.362725 .103163 22.90 0.000 2.160529 2.564921
wheels2 1.445028 .0918531 15.71 0.000 1.264803 1.625252
wheels3 1.303646 -1042452 12.51 0.000 1.095%329% 1.507963
wheels4 1.753598 .105882% 16.32 0.000 1.578231 2.0083865
wheelsts 2.087382 -1000534 20.86 0.000 1.891281 2.283483
sport_4x42 1.564673 -1012316 15.46 0.000 1.366263 1.763083
sport_4x43 1.206338 .106827 11.29 0.000 .9969612 1.415715
SpOrt_4x44 1.985284 -1035693 18.12 0.000 1.770532 2.200036
Sport_4x45S 2.032659 .0948608 21.43 0.000 1.846935 2.218782
audio2 1.320055 .0952176 13.30 0.000 1.125592 1.514518
audio3 1.260709 .108592% 11.57 0.000 1.047086 1.474331
audiod 2.092974 -101197& 20.68 0.000 1.89463 2.291318
audio5 2.684734 .1051208 25.54 0.000 2.478701 2.890767
doors2 2,435524 .123007 19.80 0.000 2.194434 2.676613
doors3 2.,448527 -1164185 21.03 0.000 2.220351 2.676703
doors4 3.355396 -1015937 33.03 0.000 3.156276 3.554516
doorsb 3.590764 -1046951 34.30 0.000 3.3B5565 3.795962
Insigma
colour2 —-.0832428 .0352389 -2.36 0.018 -.1523087 -.0141758
colour3 —-.0246814 .035188 -0.70 D.483 -.0936487 .0442858
colourd -.0234911 .0401845 -0.58 0.559 -.1022513 .0552692
colours .0251924 .0349982 0.72 0.472 -.0434028 .0937876
wheels2 -.1091662 .0340023 -3.21 0.001 -.1758095 -.0425229
wheels3 —-.0830598 .0404313 -2.05 0.040 -.1623037 -.0038158
wheels4 .0169463 .0365636 0.46 0.643 -.054717 .0886095
wheelss -.0086818 .0349379 -0.25 0.804 -.0771587 .0597952
sport_4x42 -.1038585 .0357219 -2.91 0.004 -.1738721 -.0338448
sport_4x43 -.1568476 .0D378076 -4.15 0.000 -.2310492 -.0828461
sport_4x44 -.0657407 .0371338 -1.77 0.077 -.1385217 .0070403
sport_4x45 -.0460983 .0335391 -1.37 0.169 -.1118338 .0156372
audio2 -.1308788 .0335284 -3.91 0.000 -.19665931 -.0652644
audio3 -.0523165 .0380126 -1.38 D0.169 -.1268198 .0221868
audio4 .0679624 .0328714 2.07 0.039 .0035356 1323891
audios -.0473537 .0349757 -1.35 0.176 -.1159047 .0211974
doors2 -.3984228 .0414845 -9.60 0.000 -.4797309 -.3171147
doors3 -.3664519 .0416811 -8.79 0.000 -.4481453 -.2847585
doors4 -.3148747 .0382326 -8.24 0.000 -.3898091 -.2399402
doorss -.2867316 .0378698 -7.57 0.000 -.360955 -.2125082
_cons 1.642797 .0339145 48.44 0.000 1.576325 1.709268
Intheta
colour2 .023478 .0899211 0.26 0.794 -.1527642 -1997202
colour3 -.0629817 .0820764 -0.77 0.443 -.2238484 .097885
colourd -.0534122 .0902596 -0.59 0.554 -.2303178 .1234933
colours .1208891 .0844548 1.43 0.152 -.0446393 .2864175
wheels2 -.0317514 .0774907 -0.41 0.682 -.1836304 .1201276
wheels3 .0524146 .0735013 0.71 0.476 -.0916453 .1964746
wheels4 .0642982 .0870393 0.74 0.460 -.1062956 .234892
wheelss .1%947116 .0747065 2.61 0.00% .0482895 -3411337
sport_4x42 -.0981628 .0623218 -1.58 0.115 -.2203112 .0239856
sport_4x43 .0271457 .0672912 0.40 0.687 —-.1047426 .159034
sport_4x44 .0568761 .070923 0.80 0.423 -.0821306 .1958827
sport_4x45 .1017443 .073639 1.38 0.167 -.0425855 .2460741
audioZ -.2327513 .0786215 -2.96 0.003 -.3868465 -.078656
audio3 -.0611286 .0756355 -0.81 0.419 -.2093715 .0871143
audio4 L2391177 .069731 3.43 0.001 .1024474 .3757881
audios .1768521 .0680425 2.60 0.009 .0434911 .310213
doors2 1420926 .07968455 1.78 0.075 —.0144017 .2985869
doors3 -.3092774 .0716293 -4.,32 0.000 -.4496682 -.1688867
doors4 -.2833589 .0629347 —-4.50 0.000 —-.4067087 -.1600091
doorss -.0915457 .0704827 -1.30 0.194 -.2296893 .0465979
_cons -.B8620898 .0375803 -22.94 0.000 -.9357458 —-.7884338
1000 continuous uncensored observations
2000 continuous left-censored observations
2000 continuous right-censored cbservations
5000 continuous interval observations
7000 dichotomous cobservations
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6 Saved results

hyreg stores the following in e():

Scalars
e(rank) rank of e(V)
e(N) number of observations
e(ic) number of iterations
e(k) number of parameters
e(k_eq) number of equations in e(b)
e(k_dv) number of dependent variables
e(converged) 1 if converged, 0 otherwise
e(rc) return code
e(N_clust) number of clusters
e(ll log likelihood
e(k_eg_model) number of equations in overall model test
e(df_m) model degrees of freedom
e(chi2) chi-squared
e(p) p-value for model chi-squared test
Macros
e(cmd) used command
e(chi2type) Wald type of model chi-squared test
e(opt) type of optimization
e(predict) program used to implement predict
e(vcetype) title used to label Std. Err.
e(clustvar) name of cluster variable
e(vce) vcetype specified in vee()
e(user) name of likelihood-evaluator program
e(ml_method)  type of ml method
e(technique) maximization technique
e(which) max or min; whether optimizer is to perform maximization or minimization
e(depvar) names of dependent variable

e(properties) bV

Matrices
e(b) coefficient vector
e(V) variance-covariance matrix of the estimators
e(ilog) iteration log (up to 20 iterations)
e(gradient) gradient vector

e(V_modelbased) model-based variance

Functions

e(sample) marks estimation sample

7 Methods and formulas

hyreg fits, by maximum likelihood, a hybrid regression model, xf + €, where  denotes the vector of model

coefficients, x denotes the independent variables of the model and ¢ represents the error term. The dependent
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variable of the model, y;, depends on the type of observation: y; is a continuous point response for observations j
€ C and y; is a dichotomous response for observations j €D. Caution is warranted when merging responses from
different techniques into a single estimator [5]. The variance of the continuous responses may not be equal to the
variance found in dichotomous responses. The continuous and dichotomous error terms may even have entirely
different distributions. Oppe and van Hout used a normal distribution for continuous responses and a logistic

distribution for dichotomous responses [2], obtaining the following log-likelihood formula:

. 2
(Formula 1) InL = _é*ZjeC{ln(ZTIO'Z) + (y; xﬁ) }

g

1 e(=xB)
# 2  (eem) o i (T ) )

jeD

This formula includes only point and dichotomous responses and serves as the default specification for the
hyreg command. Noting that the logit coefficients of the dichotomous model, ' may not be on the same scale
as the coefficients of the continuous model, g, due to distributional differences, they introduced a proportional

rescaling parameter 0, such that ' =3 /6:

L 2
(Formula 2) InL = _i*zjec {ln(Zrmz) + (y;gxﬁ) }

1 RETID
+) {l" (Trecm) v +in <1 T e<-xﬁ/9>> G- y")}
D

For the hyreg command, this log-likelihood was extended to allow for left-censored (L), right-censored (R), and

closed intervals (1) obtaining the formula (i.e., as intreg):

L 2
(Formula 3) InL = _%* S e {ln(Zrmz) + (YJJXB) }

+Zln (cp (@))
+Z In ( @ <__(ij0— xﬁ)))
T ()0 (25))

1 o (~xB/6)
* Z {ln <1 + e(‘x5/9)> ryy i <1 + e("‘ﬁ/e)) - yj)}

jeD
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Alternatively, the distribution of the error terms may be the same for the continuous and dichotomous responses

(i.e., normal-probit or logistic-logit), obtaining the following 2 log-likelihood formulae respectively:

L 2
(Formula 4) Inl, = —%*Zjec{ln(Znaz) + () }

3 (5

JEL

(Formula 5) InL = ¥jec lnl\

—(y, )\
ox| 1+e
1
+ Z In )
JEL 1+e o

1
+Z In{1- =)
JER 1+e o

1 1
+ Z In 0B | T )
g

jeI 1+e o 1+e
1 o (-xB/6)
* Z {ln <1 n e<—xﬁ/9)) *yj i <1 T e<—xﬁ/9)> *(1- yi)}
j€eb
Technical note:
For implementation purpose, the hyreg command estimates In(c) and In(0), instead of ¢ and 0 directly. These
parameters, In(c) and In(0), may be modelled using separate regressions to allow for heteroskedasticity (i.e., as

hetprobit or using the het option of the intreg command).
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7.1 The specific case of TTO and DCE data

The EQ-5D-5L valuation datasets include point responses from a TTO task and paired comparison responses
from a DCE task. These tasks have 3 potential implications, which serve to demonstrate the capabilities of the
hyreg command. First, the rescaling parameter for the TTO responses may be proportionally associated with the
EQ-5D-5L attributes (i.e., heteroskedasticity). In other words, worse health implies greater potential variability
in value. Second, the point responses equal to -1 were recorded as -1, not allowing for responses less than -1
(left-censoring; i.e., as tobit). Third, independent variables in the paired comparison responses represent additive

differences between the attributes of the alternatives, xa-xs (i.e., as logit) [6].

The three implications are demonstrated as modifications to formula 3:

(Formula 6) InL = —é* Zjecy{ln(Zn(ezy)Z) ¥ (y,e—zi/cﬁ)z}
+ZZn (CI) (ﬂei;,&[;))
feL

1 e(=(xa=xB)B/0)
+ Z {l" (1 n e(—(xA—xB)B/e)) *y) +in <1 n e(—(xA—xB)/z/e)) (1= yf)}
jeD

Where 0 = e? (i.e., In(c)=zy), C'represents TTO responses greater than -1, L’ represents TTO responses of -1,

and Xa and xg represent the attributes of alternatives A and B in the paired comparisons.

Alternatively, some analysts may be accustomed to maximizing conditional log-likelihood functions to fit
models of dichotomous responses (i.e., as clogit). Unlike Formula 6, these functions include separate
observations for each alternative (no differences) and assemble the observations in groups [7]. However, this
approach is not directly amenable to the integration with continuous responses, particularly normal distributions.
For the modelling of a scaled variable using continuous and dichotomous responses, hyreg provides a common
framework for normal and logistic distributional specifications, separates the distributional specifications by
response type (e.g., normal-logit), allows censoring of points and lower and upper bounds, and can relax

homoskedasticity assumptions.
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