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Abstract
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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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., I am willing to pay $10,000 for car A) or
within intervals on a scale (e.g., I 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].
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During a scientific meeting in August 2014, Ramos-Goñi 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-Goñi 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.
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Syntax
hyreg depvar1 [depvar2] [indepvars] [if] [in] , datatype(varname) [interval contdist(normal | logistic)

dichdist(normal | logistic) ll(#) 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 (depvar1, depvar2) and one binary variable specified by
datatype() (1 indicating that the response is continuous and 0 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
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or 1; i.e., as for probit). If the observations include only points and dichotomous responses, only one dependent
variable is required (depvar1). If the observations also include interval responses, the hyreg command requires
both the "interval" option and two dependent variables (depvar1, 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., depvar1=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 depvar1 and
depvar2 depend on the type of observation:
Type of observation
point observation

depvar1

depvar2

a = [a,a]

a

a

[a,b]

a

b

left-censored observation

(-inf,b]

.

b

right-censored observation

[a,inf)

a

.

c

c

.

interval observation

dichotomous observation
a, b ϵ ]-∞,+ ∞[ and c ϵ {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 (ll) 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 ll(), 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.
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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., depvar1 is the lower bound, depvar2
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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., depvar1=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.
ll(#) 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.,
lnsigma).
hetdich(varlist) specifies the independent variables in the scaling function for the dichotomous distribution (i.e.,
lntheta).
noconstant suppresses the constant term (intercept) in the model of the scaled variable.
SE/Robust
vce(vcetype) 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(#), ltolerance(#), nrtolerance(#), nonrtolerance, and init(init specs).
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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
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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

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

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

With a logistic distribution for the continuous responses, the hybrid model estimates are as follows:
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With a logistic distribution for the continuous responses and a normal distribution for the dichotomous
responses, the hybrid model estimates are as follows:
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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:
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Saved results

hyreg stores the following in e():
Scalars
e(rank)
e(N)
e(ic)
e(k)
e(k_eq)
e(k_dv)
e(converged)
e(rc)
e(N_clust)
e(ll)
e(k_eq_model)
e(df_m)
e(chi2)
e(p)

rank of e(V)
number of observations
number of iterations
number of parameters
number of equations in e(b)
number of dependent variables
1 if converged, 0 otherwise
return code
number of clusters
log likelihood
number of equations in overall model test
model degrees of freedom
chi-squared
p-value for model chi-squared test

Macros
e(cmd)
e(chi2type)
e(opt)
e(predict)
e(vcetype)
e(clustvar)
e(vce)
e(user)
e(ml_method)
e(technique)
e(which)
e(depvar)
e(properties)

used command
Wald type of model chi-squared test
type of optimization
program used to implement predict
title used to label Std. Err.
name of cluster variable
vcetype specified in vce()
name of likelihood-evaluator program
type of ml method
maximization technique
max or min; whether optimizer is to perform maximization or minimization
names of dependent variable
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)

7

marks estimation sample

Methods and formulas

hyreg fits, by maximum likelihood, a hybrid regression model, 𝑥𝛽 + 𝜀, where β denotes the vector of model
coefficients, x denotes the independent variables of the model and ε represents the error term. The dependent
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variable of the model, yj, depends on the type of observation: yj is a continuous point response for observations j
∈ C and yj 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:
1

𝑙𝑛𝐿 = − ∗ ∑𝑗∈𝐶 {ln(2𝜋𝜎 2 ) + (

(Formula 1)

2

+ ∑ {𝑙𝑛 (
𝑗∈𝐷

𝑦𝑗 −𝑥𝛽 2
𝜎

) }

1
𝑒 (−𝑥𝛽′)
)
∗
𝑦
+
𝑙𝑛
(
) ∗ (1 − 𝑦𝑗 )}
𝑗
1 + 𝑒 (−𝑥𝛽′)
1 + 𝑒 (−𝑥𝛽′)

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, 𝛽′ may not be on the same scale
as the coefficients of the continuous model, 𝛽, due to distributional differences, they introduced a proportional
rescaling parameter θ, such that β' = β /𝜃:
1

𝑙𝑛𝐿 = − ∗ ∑𝑗∈𝐶 {ln(2𝜋𝜎 2 ) + (

(Formula 2)

2

𝑦𝑗 −𝑥𝛽 2
𝜎

) }

1
𝑒 (−𝑥𝛽/𝜃)
+ ∑ {𝑙𝑛 (
)
∗
𝑦
+
𝑙𝑛
(
) ∗ (1 − 𝑦𝑗 )}
𝑗
1 + 𝑒 (−𝑥𝛽/𝜃)
1 + 𝑒 (−𝑥𝛽/𝜃)
𝑗∈𝐷

For the hyreg command, this log-likelihood was extended to allow for left-censored (L), right-censored (R), and
closed intervals (I) obtaining the formula (i.e., as intreg):
1

𝑙𝑛𝐿 = − ∗ ∑𝑗∈𝐶 {ln(2𝜋𝜎 2 ) + (

(Formula 3)

2

+ ∑ 𝑙𝑛 (Φ (
𝑗∈𝐿

+ ∑ 𝑙𝑛 ( Φ (
𝑗∈𝑅

+ ∑ 𝑙𝑛 (Φ (
𝑗∈𝐼

𝑦𝑗 −𝑥𝛽 2
𝜎

) }

𝑦𝐿𝑗 − 𝑥𝛽
))
𝜎

−(𝑦𝑅𝑗 − 𝑥𝛽)
))
𝜎

𝑦2𝑗 − 𝑥𝛽
𝑦1𝑗 − 𝑥𝛽
) − Φ(
))
𝜎
𝜎

1
𝑒 (−𝑥𝛽/𝜃)
+ ∑ {𝑙𝑛 (
)
∗
𝑦
+
𝑙𝑛
(
) ∗ (1 − 𝑦𝑗 )}
𝑗
1 + 𝑒 (−𝑥𝛽/𝜃)
1 + 𝑒 (−𝑥𝛽/𝜃)
𝑗∈𝐷
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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:
1

𝑙𝑛𝐿 = − ∗ ∑𝑗∈𝐶 {ln(2𝜋𝜎 2 ) + (

(Formula 4)

𝑦𝑗 −𝑥𝛽 2

2

+ ∑ 𝑙𝑛 (Φ (
𝑗∈𝐿

+ ∑ 𝑙𝑛 ( Φ (
𝑗∈𝑅

+ ∑ 𝑙𝑛 (Φ (
𝑗∈𝐼

𝜎

) }

𝑦𝐿𝑗 − 𝑥𝛽
))
𝜎

−(𝑦𝑅𝑗 − 𝑥𝛽)
))
𝜎

𝑦2𝑗 − 𝑥𝛽
𝑦1𝑗 − 𝑥𝛽
)− Φ(
))
𝜎
𝜎

−𝑥𝛽
𝑥𝛽
+ ∑ {ln (Φ (
)) ∗ (1 − 𝑦𝑗 ) + 𝑙𝑛 (Φ ( )) ∗ 𝑦𝑗 }
𝜃
𝜃
𝑗∈𝐷

𝑒

𝑙𝑛𝐿 = ∑𝑗∈𝐶 𝑙𝑛

(Formula 5)

−(𝑦𝑗 −𝑥𝛽)
𝜎

−(𝑦𝑗 −𝑥𝛽)
𝜎
𝜎∗(1+𝑒
)

(

)
1

+ ∑ 𝑙𝑛 (
1+𝑒

𝑗∈𝐿

−(𝑦𝐿𝑗 −𝑥𝛽)
𝜎

1+𝑒
1

+ ∑ 𝑙𝑛 ((
𝑗∈𝐼

1+𝑒

)

1

+ ∑ 𝑙𝑛 (1 −
𝑗∈𝑅

2

−(𝑦2𝑗 −𝑥𝛽)
𝜎

−(𝑦𝑅𝑗 −𝑥𝛽)
𝜎

)

1

)− (
1+𝑒

−(𝑦1𝑗 −𝑥𝛽)
𝜎

))

1
𝑒 (−𝑥𝛽/𝜃)
+ ∑ {𝑙𝑛 (
)
∗
𝑦
+
𝑙𝑛
(
) ∗ (1 − 𝑦𝑗 )}
𝑗
1 + 𝑒 (−𝑥𝛽/𝜃)
1 + 𝑒 (−𝑥𝛽/𝜃)
𝑗∈𝐷

Technical note:
For implementation purpose, the hyreg command estimates ln(σ) and ln(θ), instead of σ and θ directly. These
parameters, ln(σ) and ln(θ), 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-xB (i.e., as logit) [6].

The three implications are demonstrated as modifications to formula 3:
1

𝑙𝑛𝐿 = − ∗ ∑𝑗∈𝐶′ {ln(2𝜋(𝑒 𝑧𝛾 )2 ) + (

(Formula 6)

2

𝑦𝑗−𝑥𝛽 2
𝑒 𝑧𝛾

) }

−1 − 𝑥𝛽
+ ∑ 𝑙𝑛 (Φ (
))
𝑒 𝑧𝛾
𝑗∈𝐿′

1
𝑒 (−(𝑥𝐴 −𝑥𝐵 )𝛽/𝜃)
+ ∑ {𝑙𝑛 (
)
∗
𝑦
+
𝑙𝑛
(
) ∗ (1 − 𝑦𝑗 )}
𝑗
1 + 𝑒 (−(𝑥𝐴 −𝑥𝐵)𝛽/𝜃)
1 + 𝑒 (−(𝑥𝐴 −𝑥𝐵 )𝛽/𝜃)
𝑗∈𝐷

Where 𝜎 = 𝑒 𝑧𝛾 (i.e., ln(σ)=zγ), 𝐶′ represents TTO responses greater than -1, 𝐿′ represents TTO responses of -1,
and xA and xB 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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