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Over the last decade, there has been a marked increase in the number of studies on attitude
and decision research which use the factorial survey (FS) design. The FS integrates experi-
mental set-ups into a survey: respondents react to hypothetical descriptions (vignettes) while
the values of each attribute (dimension) of these descriptions systematically vary in order to
estimate their impact on respondent judgments. As the vignettes are based on a number of
dimensions and as respondents evaluate several vignettes, FSs are demanding in terms of indi-
vidual cognitive and information-processing abilities. So far, there is little empirical knowledge
of whether and to what extent this complexity is feasible in general population samples with
heterogeneous respondents. Using data from a study on the fairness of earnings (with a mixed
mode sample consisting a computer assisted personal interview [CAPI], computer assisted self
interview [CASI], and paper and pencil [PAPI] mode), the complexity of FSs is analyzed in
terms of: 1) design dimensions, such as the number of vignette dimensions (five, eight, or 12)
and the number of vignettes for single respondents (10, 20, or 30), which were varied in a
3x3 experimental design; and 2) respondent characteristics that are associated with cognitive
abilities (age and education). Two different indicators for cognitive load as well as learning
and fatigue effects are analyzed: 1) latency time and 2) response consistency. The results show
that raw reaction times but not latency times are longer for older respondents, suggesting that
the cognitive effort needed for the evaluation of vignettes is not particularly high. Consistency
measures reveal that respondents with a lower educational level show greater inconsistency in
their evaluations when the number of vignettes is high. The number of dimensions has an effect
on consistency only when respondents have to rate a large number of vignettes. In short, the
results demonstrate that FSs are applicable in general population samples but should be used
with a limited number of vignettes and dimensions per respondent.
Keywords: factorial survey, vignettes, response time, response consistency, cognitive load

1 Introduction

Over the last decade there has been a marked increase
in the number of studies on attitude and decision research
using the FS design (Wallander 2009).1 This method was
first established in the social sciences by Peter H. Rossi in
his dissertation of 1951. It was used for the measurement of
social status and household prestige (Alves and Rossi 1978;
Rossi 1979). Rossi’s idea was to develop a technique to mea-
sure the (relative) impact of causal factors on social attitudes
and therewith to determine judgment principles (Rossi and
Anderson 1982).

A FS is an experimental method that confronts respon-
dents with several hypothetical descriptions of objects or
situations (vignettes). Within these descriptions, the at-
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tributes (dimensions) vary systematically in their values (lev-
els) (Jasso 2006). The respondents’ task is to express their
evaluations or to decide how they would act in the situations
presented. The aim is to identify how each dimension af-
fects these evaluations or decisions and to assess the relative
impact of the single dimensions.

Despite the growing number of applications of the FS
design in social research, there is little empirical knowledge
on its methodological implications. This is especially true for
the use of FSs in general population samples. Many previ-
ous studies have used homogeneous respondent populations,
most often students, and were carried out in the lab or in com-
parable settings (e.g. Jasso and Meyersson Milgrom 2008;
Jasso and Webster 1999; for an overview: Wallander 2009).

1 This paper is based on a research project funded by the DFG
(German Research Foundation) at the universities of Konstanz and
Bielefeld. The project is part of the DFG Priority Program “Survey
Methodology”. For more details: http://www.soziologie.uni-
konstanz.de/professuren/prof-dr-thomas-hinz/forschung/aktuelle-
forschungsprojekte/fs0/factorial-survey/
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As the research design can be complex and the respondents’
rating task in FSs demanding, a number of method effects
may occur and cause measurement errors and misleading in-
terpretations of results. Those method effects are to be ex-
pected especially in general population samples where re-
spondents are more heterogeneous in terms of cognitive abil-
ities and the ability to focus on a single task compared to
student samples (cf. Henrich, Heine and Norenzayan 2010).

This paper addresses the question of how respondents
differing in age and educational background cope with the
complex evaluation task in FSs. Data stem from a survey
dealing with the perceived fairness of earnings. A complex-
ity variation for the method was created by randomly allocat-
ing respondents to questionnaire splits differing in the num-
ber of vignette dimensions (five, eight or 12) and the num-
ber of vignettes (10, 20 or 30) for single respondents. Re-
sponse times and response consistency – both known indica-
tors for response problems – are analyzed (see for response
times: Bassili and Scott 1996; Malhotra 2008; for response
consistency: Finucane, Slovic and Schmidt 2005; Swait and
Adamowicz 2001).2 Additionally, the possible learning and
fatigue effects are studied. The main research questions are
as follows: 1) At which level of complexity do FSs provoke a
high or too high cognitive load for respondents (as signalled
by long processing times, fatigue effects and inconsistent re-
sponses)? 2) Do older or less educated respondents have
more problems when evaluating (complex) FSs, leading to
the indicated symptoms of a high cognitive (over)load?

2 Cognitive Load in Factorial
Surveys

The evaluation task in FSs can be complex when re-
spondents have to cope with a high amount of information.
The complexity stems mainly from two different sources: the
number of dimensions used to describe the vignettes and the
number of vignettes presented to single respondents. The
higher the number of dimensions, and the more vignettes
presented, the more demanding the evaluation task. Respon-
dents with higher cognitive abilities – e.g. students – are ex-
pected to perform relatively well when evaluating vignettes.
As long as FSs are used within homogeneous student sam-
ples, the high degree of complexity should not cause a ma-
jor problem since students are in most cases used to deal-
ing with complex tasks. In psychology and economics, stu-
dents regularly take part in laboratory experiments and sur-
veys and seem to be able to cope with a high demand for cog-
nitive attention. Measurements from FSs might, however, be
more problematic if the respondents are not generally accus-
tomed to tasks with high cognitive demands and if respon-
dents show a high variability in cognitive abilities. There-
fore, the application of FSs in general population samples
requires more methodological attention.

In population samples, a high heterogeneity of respon-
dents in terms of age and educational background exists,
and both characteristics are correlated with cognitive perfor-
mance. Previous research has shown that older people tend to
have more difficulties than younger people in retaining new

information in the working memory; this is especially true
in regard to written information (Krosnick 1991; Radvansky
and Copeland 2004). Copeland and Radvansky (2007) found
that, compared to older people, younger people read more
quickly and assimilated information more easily.3

Apart from age, cognitive ability is obviously related
to educational achievement and formal levels of schooling
(Falch and Sandgren 2006) because the hierarchical stratifi-
cation of educational levels goes hand-in-hand with the vary-
ing and prolonged stimulation of cognitive ability, and also
because the selection processes within the education system
are at least partly based on cognitive performance (Brody
1997). Previous research has already shown that the educa-
tional background of respondents influences the occurrence
of method effects like context or order effects in attitude sur-
veys (Krosnick 1991; Krosnick and Alwin 1987; Narayan
and Krosnick 1996; Sniderman and Grob 1996).

The results on response effects by both age and educa-
tional background have direct implications for the feasibility
of FSs in general population samples. Most empirical appli-
cations of FSs present vignettes in the form of written text.4
Complexity increases by the amount of text per vignette (the
number of dimensions) and the number of vignettes pre-
sented. In most cases, the respondents are asked to give a
rating or evaluation for each vignette after reading. It can
lead to substantially wrong conclusions if especially older or
less well-educated people have difficulties in processing the
information and fulfilling the rating task. For instance, if data
analysis revealed differences in the influence of dimensions
by respondent age and educational background, this might
not reflect substantial differences in their attitudes but rather
in their differing capabilities for task-handling. It is therefore
necessary to know whether there is any evidence for the ex-
istence of information overload, especially of older and less
educated respondents.5

Based on the findings of previous research on response
behavior in general population samples, this study focuses
on the effects of complexity of vignettes and of age and edu-
cational background of the respondents on two methodolog-
ical signals for a high cognitive load and possible problems

2 Response times that are needed to finish FS modules of differ-
ent complexity are additionally informative for assessing the prac-
tical feasibility of FSs.

3 In their experiment, respondents had to combine the informa-
tion of three sentences about the spatial relation of two objects
into a single spatial arrangement. Significant differences in the
performance of this task between younger and older respondents
were detected: the ability to comprehend and recall information
declined with higher age; older people tended to perform more
poorly than younger adults at tasks that required retrieving infor-
mation from their short-term memory. Older people compensated
for these deficits with a more focused selection of situation-defining
information (Radvansky 1999).

4 Alternatively, presentations of videos or pictures can be used.
5 Besides information overload, there could also be a high cog-

nitive load when the information provided is low, because respon-
dents have to add further (not provided) information to evaluate the
vignettes.
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in handling the response task: response times and response
consistency. Additionally, the study tests if both indicators
change in the course of the evaluation, which would indicate
learning and fatigue effects.

Previous research has already shown that longer re-
sponse times (response latencies) are well suited to identi-
fying problematic questions, such as questions that were dif-
ficult to understand or answer (Bassilli and Scott 1996) or
to signal low quality data, such as response behavior prone
to context effects and satisficing (Malhotra 2008). Similarly,
previous research demonstrated that high complexity in de-
cision tasks (e.g. operationalized by a high number of at-
tributes in the described decisions and a high number of de-
cision tasks presented to single respondents) and a low cog-
nitive memory capacity of respondents (operationalized by
their higher age) lead to comprehension errors and inconsis-
tent responses (see for example Caussade et al. 2005; Finu-
cane et al. 2005; Swait and Adamowicz 2001).

Research on the effects of the complexity of vignettes
is still lacking (for the only exception: Auspurg, Hinz and
Liebig 2009). To the best of our knowledge, previous ap-
plications of FSs used numbers of dimensions ranging from
three (Berk and Rossi 1977) up to 21 (Shlay et al. 2005).
Similarly, the applied number of vignettes presented to sin-
gle respondents showed a high heterogeneity, ranging from
one (e.g. Jann 2005) to 110 vignettes (Bose and Rossi 1983).
None of these studies has reported a cognitive overload or
symptoms for incorrect answers. However, the data quality
was not explicitly considered. Since research on the working
memory suggests that respondents can keep only about seven
pieces of information in their short-term memories at any one
time (Miller 1956), it has to be expected that higher num-
bers of vignette dimensions cause an overload of the memory
capacity and therefore lead to extraordinarily long response
times or inconsistent responses. Hence, in this study one has
to expect longer response times and more inconsistent re-
sponse in the experimental split with 12 vignette dimensions
compared to those with only five or eight vignette dimen-
sions.

Even though the impact of the number of vignettes on re-
sponse times and response consistency has not received any
attention for FSs (for the only exceptions: Auspurg, Hinz and
Liebig 2009; Sauer et al. 2009), the effects on consistency
have been studied in related survey methods like conjoint
analysis and choice experiments. Both methods resemble
FSs in that respondents are asked to evaluate several short de-
scriptions of objects or situations, consisting of dimensions
that vary in their levels (for more details: Louviere, Hen-
sher and Swait 2000; Orme 2006). Research on these meth-
ods has shown that the response consistency, as measured
by the level of unexplained variance of the lead, was higher
when more attributes were varied within the choice tasks, and
also markedly declined after about the tenth evaluation ques-
tioned from single respondents (see for example: Bradley
and Daly 1994; Caussade et al. 2005; Swait and Adamow-
icz 2001). Therefore, one has to assume that more than ten
vignettes per respondent lead to longer response times and
lower response consistency, especially when using more than
eight dimensions within the vignettes.

This should be true especially when respondents have
low working memory capacities. Previous research has al-
ready shown that older and less well-educated respondents
tended to need more time than younger respondents to finish
surveys (Schwarz et al. 1999; Yan and Tourangeau 2008) or
produced more response errors, such as responses prone to
context effects (e.g. Knäuper 1999). Furthermore, older re-
spondents were shown to produce less consistent responses
than younger ones (Finucane et al. 2005). Therefore, a sim-
ilar pattern is assumed here: older or less well-educated re-
spondents need more time to evaluate vignettes and also eval-
uate them less consistently than younger or more educated
respondents. Both assumptions should again especially ap-
ply to complex settings (with a high number of dimensions
and a high number of vignettes). The same conclusions arise
from the literature on bounded rationality (Simon 1955) and
satisficing response behavior (Krosnick 1991).

Furthermore, the repeated evaluation task may lead to
learning or fatigue effects (see for FSs: Auspurg, Hinz and
Liebig 2009; for conjoint analyses and choice experiments:
e.g. Bradley and Daly 1994 ; Caussade et al. 2005; Johnson,
Lehmann and Horne 1990). On the one hand, learning effects
most probably occur after some vignettes have been evalu-
ated; on the other hand, fatigue might evoke a lower process-
ing motivation and capacity and therefore increase response
errors and produce a declining consistency of responses in
the course of evaluating. Auspurg et al. (2009; using a stu-
dent sample) found a curvilinear, inverted u-shaped connec-
tion between consistency and vignette position fitting the as-
sumption of a learning effect that is increasingly displaced by
fatigue effects. The present study therefore assumes a curvi-
linear connection of both response time and consistency with
vignette position.

3 Methods

3.1 Study Overview

The data in this study were collected from a general pop-
ulation survey conducted to study method issues in FS design
(n=1,634 respondents). The target population comprised in-
habitants of Germany with a minimum age of 18 years. The
thematic topic was the fairness of earnings (Alves and Rossi
1978). Respondents had to evaluate the gross earnings of
fictitious employees. In order to study the differences in the
cognitive demand of FS modules, the implemented FS varied
by the number of dimensions (five, eight, 12) and the number
of vignettes (10, 20, 30), yielding a 3x3 experimental setup.
Hence, there was a rich variation of cognitive demand from
10 vignettes with five dimensions up to 30 vignettes with 12
dimensions. In addition, and independently of this experi-
mental setup, the survey mode was divided into three cate-
gories: computer assisted personal interviews (CAPI), com-
puter assisted self-interviews (CASI), and paper and pencil
interviews (PAPI).6

6 Within each mode of questioning the respondents were ran-
domly assigned to one of the nine experimental splits (five, eight,
or 12 dimensions x 10, 20 or 30 vignettes).
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Data gathering was based on two random samples: (1) The
CAPI study used a random route sample7 with 129 sample
points in Germany to select private households and a ran-
dom mechanism (a Kish-selection grid) to select a target per-
son within each household. The response rate of the ran-
dom route sample was 48%8: 777 out of 1,608 randomly
selected people participated in the study.9 (2) The sample
for CASI and PAPI was drawn by using a random digit dial-
ing method modified for Germany (Häder and Gabler 1998).
For this sample, private households were contacted over their
landline telephone number. A random mechanism (a Kish-
selection grid) provided the target participants within the
households. These target participants had to answer a few
screening questions on their willingness to participate and to
indicate their e-mail or postal addresses. They could choose
between a CASI and a PAPI version of the questionnaire.
The CASI version was sent by e-mail link and the PAPI ver-
sion by regular mail (with an envelope for returning the ques-
tionnaire). In this sample, the return rate for the 1,423 people
successfully recruited (who provided an e-mail address or a
mailing address) was 60%; 461 people participated in the
online survey and 396 people returned the printed question-
naire.10

For the CASI and CAPI version, para-data on response
times were collected for each vignette (time stamps). In or-
der to standardize the CAPI and CASI mode, the interview-
ers in the CAPI mode passed the laptop to the respondents
when the FS module started. Respondents were asked to read
and evaluate the vignettes on their own (with the interviewers
providing assistance if needed). Table 1 gives an overview of
the observations for each of the nine conditions to which re-
spondents were randomly assigned.11 The FS module imple-
mented focused on the evaluations of fairness in earnings of
fictitious employees who were described using five, eight or
12 dimensions.12 All fictitious employees were characterized
as working full-time (40 hours per week). The respondents
had to rate 10, 20 or 30 vignettes each by using an 11-point-
scale ranging from - 5 (“far too low”), to 0 (“fair”) and + 5
(“far too high”).13

3.2 Vignette Dimensions and Levels

The chosen dimensions presented on the vignettes were
based on previous evidence from FSs on the fairness of earn-
ings (Alves and Rossi 1978; Jasso 1978; Jasso and Rossi
1977; Jasso and Webster 1997, 1999). According to this re-
search, the vignette-variables age, sex, number of children,
occupational prestige (as measured by SIOPS)14 and educa-
tional degree were expected to have an impact on the fairness
evaluations. Further dimensions known to be relevant from
previous fairness studies and labor market research were also
added; these dimensions comprised job performance and
marital status (Struck, Krause and Pfeifer 2008). Some con-
textual characteristics regarding the work organization of the
fictitious employees were added. Table 2 shows the used di-
mensions and levels (for exemplary of vignettes with five,
eight and 12 dimensions, see Table A1 in the Appendix).

3.3 Vignette Sample

The vignettes were selected via a quota design (D-
efficient design) to preserve the preferable features of the vi-
gnette universe (where all dimensions are mutually uncorre-
lated and all levels occur with the same frequency).

D-efficient designs are built using a computer algorithm
that specifies a sample characterized by a minimal intercor-
relation between all or the most important dimensions (and
interaction terms) and at the same time a maximal variance
and balance of the frequency of the vignette levels. These
designs ensure that the influence of vignette dimensions and
interaction terms are mutually uncorrelated (Atzmüller and
Steiner 2010; Dülmer 2007). In addition, the design features
lead to minimal standard errors in data analyses and there-
fore a higher statistical “power” and efficiency (in a statisti-
cal sense) to reveal the influence of single dimensions than
other designs (like random samples).

For the study at hand, a D-efficient sample of 240 vi-
gnettes was build up (illogical cases, e.g., medical doctors
without a university degree, were excluded).15 The em-
ployed sample of vignettes with 12 dimensions reached a D-

7 In a random route design, each interviewer receives a randomly
assigned starting address per sampling point (usually electoral dis-
tricts) and moves along from that address by a script with specific
instructions. These instructions follow an algorithm indicating the
streets, houses, and apartments to choose. In Germany, this method
is regularly used to draw random samples of private households
(ADM 1999). See Schnell, Hill and Esser (2008) for a textbook
description.

8 The response rate is calculated according to American Associ-
ation of Public Opinion Research standards (AAPOR 2011).

9 The survey was conducted by the survey institute USUMA
(Berlin, Germany).

10 The survey institute reported a total number of 3,308 persons
contacted; 43% of them provided an e-mail or postal address.

11 The distribution of respondents to the experimental splits was
independent of the mode of questioning (likelihood-ratio χ2 =

7.470, df = 16, p = .963). In addition, there was no correlation
of respondents’ characteristics like age or educational group with
experimental splits (ANOVA with age and experimental group: F=

0.821, p= .584; likelihood-ratio test on educational degree and ex-
perimental group: likelihood-ratio χ2 = 12.841, df = 16, p = .684).
The number of dimensions was not correlated with the number of
vignettes (likelihood-ratio χ2 = 0.203, df = 4, p =.995).

12 All vignettes for each respondent had the same number of di-
mensions (between-subject design).

13 Only 17 respondents (1.05%) dropped out during the vignette
module. All of them were respondents in the CASI mode. 375 vi-
gnettes (1.39%) were not evaluated by the respondents. The settings
with most missing values were the split with 12 dimensions (n=

182; 48.5% of all missing values) and the split with 30 vignettes
(n= 161; 42.9% of all missing values).

14 Standard International Occupational Prestige Scale (Ganze-
boom and Treiman 1996).

15 The exclusion of illogical cases is recommended because one
preferable feature of vignettes is that they describe realistic sce-
narios. Illogical cases can lead to undesirable method effects like
fading out of dimensions by the respondents (Auspurg, Hinz and
Liebig 2009).



THE APPLICATION OF FACTORIAL SURVEYS IN GENERAL POPULATION SAMPLES 93

Table 1: Study setup and number of cases (respondents)

CAPI CASI PAPI

Vignettes 5 dim. 8 dim. 12 dim. 5 dim. 8 dim. 12 dim. 5 dim. 8 dim. 12 dim.

10 132 136 147 85 85 78 72 70 76
20 65 73 75 46 45 34 34 28 39
30 51 52 46 29 28 31 27 23 27

Table 2: Vignette dimensions and their levels

# Dimensions Levels

1 Age 30/40/50/60 years
2 Sex Male/female
3 Vocational degree Without degree/vocational degree/university degree
4 Occupation Unskilled worker/door(wo)man/engine driver/clerk/

hairdresser/social worker/software engineer/
electrical engineer/manager/medical doctor

5 Gross earnings per month Ten values ranging from 500 to 15,000 Euros
6 Experience Short on/much
7 Job tenure Entered recently/entered a long time ago
8 Childrena No child/1 child/2 children/3 children/4 children
9 Health statusb No health problems/health problems for a longer time
10 Performance Under/above average
11 Economic situation of the firm High profits/threatened by bankruptcy/solid
12 Firm size Small/medium/large enterprise
aThe category no child was oversampled to achieve a more realistic distribution of family size.
bThe category no health problems was oversampled for a similar reason.

efficiency of 90.7; for more details on the implementation in
the project at hand: Auspurg and Wehrli 2009; Sauer et al.
2009).16 For the splits with five and eight dimensions, all ir-
relevant dimensions were deleted (these were the dimensions
6 to 12 respectively 9 to 12 in Table 2). Although it may have
been possible to achieve more efficient samples for each split
individually (samples with lower correlations and a higher
variance for all dimensions), the focus was to hold the sta-
tistical efficiency constant over the different splits with more
or fewer dimensions or more and fewer vignettes in order
to focus on the pure impact of these method aspects (Aus-
purg, Hinz and Liebig 2009). This procedure guaranteed that
correlations and variances of the vignette dimensions were
the same for all experimental splits. Selections of 10, 20 or
30 vignettes and the sequence of vignettes were randomly
assigned to each respondent.

3.4 Analysis
The first part of data analysis focuses on response time.

Time stamps allow a calculation of the time span respondents
needed to read and evaluate the vignette presented. This time
span is called the raw reaction time (RT).17 Respondents usu-
ally differ to a great extent in their baseline speed (BS) be-
cause of different experience levels with computers and web
surveys or because they are generally faster or slower with
reading questions and responding. Therefore, the analyses
are based on a transformed RT, the latency time (LT), which
is uncorrelated with BS. LT is not a general measure of speed
but reveals whether or not the respondents needed a partic-
ularly long time to answer the vignettes, which might sig-

nal a particularly high cognitive load for the task. Since the
LTs are adjusted for the BS, longer response times indicate a
cognitive load that surpasses the known differences between
age and educational groups in processing times (which are
already captured in the BS). To measure the LTs in the study
at hand, the following procedure was used. First, the BS
for each respondent was estimated using a different part of
the survey (a four-question knowledge test which was self-
administered like the vignette module in all survey modes
and which was placed at the end of the questionnaire). Sec-
ondly, the RT was adjusted for the vignettes on BS using a
residual-score-index approach (Mayerl and Urban 2008; Ur-
ban and Mayerl 2007). The residuals from a regression of
the RT on the BS were used as LTs;18 as Mayerl and Urban
(2008) have shown, this approach leads to more accurate es-
timates of LTs than alternative methods.

16 The D-efficiency is a measure of the goodness of designs that
captures both the orthogonality and variance of dimensions. It is
scaled from 0 to 100; values from 90 up can in general be consid-
ered to be adequate (for more details: Dülmer 2007).

17 700 time measures were identified as outliers (out of 17,215
observations) with RTs of 127 seconds or above. The procedure of
outlier detection for the high values was as follows. First, those
values were discarded above the 99th percentile; secondly, those
measures were dropped that were two standard deviations above the
mean (for a recommendation of this procedure: Mayerl and Urban
2008).

18 That is, the LTs are the residuals δij from the following regres-
sion: RTij = a0+ b1BSj +δij; with the subscript i indicating the single
vignette (up to 30 for each respondent) and j indicating the single
respondent.
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The second part of the analysis dealt with a straightfor-
ward measure of consistency. Following similar approaches
in the research into the response consistency in choice exper-
iments (Caussade et al. 2005; Swait and Adamowicz 2001),
the analysis was based on the unexplained variance in the
vignette judgments. More concretely, the inconsistency of
responses was measured by the squared level-one residuals
from random intercept regressions with the vignette rating
serving as dependent variable and all vignette dimensions as
predictors.19 Afterwards, the squared residuals out of this
regression were used as a measurement of response consis-
tency. The higher the consistency of responses, the smaller
the amount of variance unexplained through the vignette di-
mensions and the smaller the squared residuals.

For both indicators of cognitive load, the response times
and response consistency, it was analyzed whether they were
(given the varying complexities of the vignettes in the exper-
imental splits) systematically related to respondents’ charac-
teristics (educational background and age). For the response
consistency, it was also of interest if it had declined with the
complexity of vignettes (the number of dimensions and the
number of vignettes). In addition, it was investigated if both
measures for a high cognitive load changed in the course of
the evaluations, which would indicate learning or fatigue ef-
fects.

For the statistical analyses, respondents were catego-
rized into three age groups (18 to 41 years, 42 to 59 years,
and 60 years and older; each group representing around
one third of respondents) and three educational groups (gen-
eral educational level: lower, middle, and higher secondary
school certificate).20 Because the level of difficulty of the
fairness evaluations for respondents could be related to their
labor market experience and their knowledge of wage struc-
tures, and because both experience and knowledge with the
question topic are known to reduce cognitive load for respon-
dents (e.g. Tourangeau, Rips and Rasinski 2000), also a con-
trol variable for current labor market status was included (di-
chotomized: 1 for “employed” , 0 for “not employed” ).21

To analyze both dependent variables (response times and
response consistency), a multilevel model (random intercept
model) was used that accounted for multiple ratings per re-
spondent (Hox, Kreft and Hermkens 1991). In random inter-
cept models, there are two error components used to build
up the hierarchical data structure that results from several
observations belonging to each single respondent. The er-
ror component on level two, often referred to as the random
intercept, measures the between-respondent variation, while
an additional error component on level one captures the vari-
ation within the vignettes judgments of single respondents.22

If the complexity of the evaluation task is not relevant for
LTs or consistency, none of the design variables (the num-
ber of vignettes and the number of dimensions) or of the
respondents’ characteristics, indicating their cognitive abil-
ities, should be systematically related to the LTs or squared
residuals. In this case, the model fit (the χ2-value) of the
multilevel regressions would be insignificant, meaning that
the H0 – the assumption that the R²-value of the regression is
zero in the population – cannot be rejected. In other words,

the model would have no explanatory power at all. Only in
the other cases, where at least one of the design variables or
respondents’ characteristics are systematically related to the
measures of cognitive load (LTs and response consistency),
is their impact discussed in more detail.

For both dependent variables, separate regressions for
different numbers of dimensions served to test if the impact
of the cognitive ability of respondents is dependent on the
complexity of the vignettes. Because a low internal con-
sistency of responses would in particular signal a problem-
atic response behavior, for the analyses of response consis-
tency, the estimates are additionally presented separately for
the conditions with 10, 20, and 30 vignettes. These analy-
ses make it possible to test if – as expected – the measures of
complexity moderate each other and if, in particular, the most
complex condition (30 vignettes with 12 dimensions) causes
respondents with low cognitive abilities (high age, low edu-
cation) to produce a low consistency of responses.23

4 Results

4.1 Response Time

The overall time for the FS module varies by complexity.
For 10 vignettes and five dimensions the median overall RT
of the module was 2.85 minutes. The most complex setup,
with 30 vignettes and 12 dimensions, had a median overall
RT of 9.55 minutes (for results on all settings see Table A2
in the Appendix). These descriptive statistics show that, even

19 The following regression model was used:
Jij = a0 + b1v sexij + b2v ageij + b3v vocij + b4v uniij +

b5v siopsij + b6v earnij + uj + εij; with Ji j denoting the vignette
rating of respondent j for vignette i.

20 The three educational groups were constructed according to the
three tracks distinguished within the German educational system.
The usage of the categorical age groups allows plotting effects of
the treatments separately for respondents with different age. The
results differed only marginally when using metric representations
of age.

21 “Not employed” respondents included those who were unem-
ployed as well as those who were not looking for employment or
were retired at the time of the survey.

22 The random intercept models were appropriate because there
was no correlation between the respondent specific error component
u j and the independent variables (the correlation between u j and the
covariates was r = -.0004). The assumption of independence was
tested for all multi-level models presented hereafter. In the CAPI
mode, the data structure had a third hierarchical level because the
interviews were nested for interviewers. Interviewer effects might
have occurred and have influenced the preferences of respondents
in terms of their fairness evaluations. However, separate analyses
(not shown here) demonstrated that the results were robust to inter-
viewer effects. Therefore, the sparse specification of only two levels
(respondents and vignettes) is shown here.

23 Within all models on the response consistency, the dependent
variable consisted of squared residuals out of the regression model
from the equation in footnote 19. That is, the same dimensions were
always used. This procedure allowed the standardization of the de-
grees of freedom and substantive dimensions across all regression
estimates.
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for the most complex FS module, most respondents were
able to answer the vignette module in less than ten minutes,
which might be a tolerable amount of time for most practical
applications.

To gain an impression of how RT depends on the vignette
positions (1 up to 30) and complexity of vignettes (number
of dimensions), the development of RTs over the evaluation
course for those respondents who rated 30 vignettes is shown
in Figure 1 (row 1). In the graphs for the five-, eight-, and
12 dimensions conditions, the patterns are similar. The re-
spondents needed more time to rate the first vignettes but
then responded faster on a stable level. Figure 1, row 2,
shows the RT for the most complex vignette module (30 vi-
gnettes with 12 dimensions) by age group. For all three age
groups, there was a sharp decline of RT within the first part
of the vignette module. Older respondents required more
time than younger respondents, especially when evaluating
the first few vignettes with a high number of dimensions. For
further vignettes, RT was nearly constant in all age groups.

However, these age effects might be not special for FSs
since older respondents in general need longer to read texts
or to answer survey questions. It is more interesting there-
fore if older and less educated respondents need a particu-
larly long time to evaluate the vignettes. This can be an-
swered by studying the LTs per vignette, which are, as al-
ready explained, standardized for the individual BS. Table 3
provides the coefficients of the multilevel regression for LTs,
separately for the split with five, eight and 12 dimensions.

All χ2-values indicating the model fit were significantly
different from zero, meaning that all three regression mod-
els had explanatory power. Yet there were only two statis-
tically significant design effects. In both the splits with five
and eight dimensions, the CAPI mode was characterized by
a longer LT (on the average, 2.4 respectively 1.7 seconds
more per vignette). This could reflect a self-selection into
the CASI mode which was not fully controlled by consider-
ing the BS. The presence of an interviewer might also have
changed the information processing. Contrary to stated ex-
pectations, there were no significant effects for respondents’
characteristics. Even in the split with the most complex vi-
gnettes (12 dimensions), respondents’ age or education were
not correlated with the LTs. Altogether, the analyses on re-
sponse times suggest that there is a learning effect, but do not
reveal a higher cognitive load or effort for respondents who
are typically known for less cognitive memory capacities.

4.2 Consistency of Evaluations

The analysis in Table 4 addresses possible effects of the
complexity of vignettes by estimating separate regressions
for the five, eight, and 12 dimensions conditions. Is there
any evidence for specific factors causing a higher inconsis-
tency of responses, especially when vignettes are described
by more dimensions? The overall fit of the first two models
(five and eight dimensions) was insignificant, and response
consistency was therefore not influenced by the design and
respondents’ characteristics in both these models.24 The
third model (12 dimensions) showed a significant χ2-value,

which was mainly driven by a CASI effect. Those respon-
dents who evaluated complex vignettes in this mode tended
to produce higher squared residuals. A more detailed anal-
ysis of this CASI effect showed that it was especially strong
for those respondents who were not employed at the time of
the survey. For those individuals, the substantive topic of
the survey could be slightly more demanding and maybe led
to an overload, especially when there was no interviewer-
assistance. Furthermore, there was a weak but insignificant
tendency that respondents with middle or high education pro-
duced a higher consistency (smaller residuals) than other re-
spondents; this was also true for the middle age group.

Finally, Table 5 shows the results of three multivariate
models predicting the residuals for the 10, 20 and 30 vi-
gnettes condition. The overall fit of models 1 (10 vignettes)
and 2 (20 vignettes) indicated that the regressors measuring
the design features or respondents’ cognitive abilities in sum
had very low (10 vignettes) or no explanatory power at all (20
vignettes; see the insignificant χ2-Value). In other words, es-
pecially for the split with 20 vignettes (Model 2), the consis-
tency was not influenced by features of the study like mode of
administration or number of dimensions and moreover was
not affected by respondents’ age or educational level.

The results were different for the 30 vignettes condition
shown in Model 3. In this condition, the vignettes with 12
dimensions showed higher residuals compared to the refer-
ence group of five dimensions. Moreover, the effect of the
vignette position on the residuals was in accordance with a
curvilinear, s-shaped pattern (see the positive coefficients for
the vignette position and vignette position ˆ3, and the neg-
ative coefficient for the vignette position ˆ2). The residuals
became smaller during the first part of the FS module, reach-
ing a minimum at vignette position 12. The residuals then
increased until vignette 23. This pattern corresponds to both
the expected learning and fatigue effects.

In addition, it seems that the respondents concentrated
more during the final part of vignettes: in this part, the resid-
uals shrunk again, as was already found in a prior vignette
study (Auspurg et al. 2009b). In terms of the individual vari-
ables, Model 3 is characterized by a significant impact of re-
spondents’ education. Respondents of the middle and higher
educational group produced a smaller amount of residuals
compared to respondents with a lower level of education.

To sum up, the analyses on the response consistency
mainly indicate that only in cases of very complex FSs (more
than eight dimensions and more than 20 vignettes per re-
spondent) respondents, in particular those with low educa-
tional level, produce less consistent answers, which signales
cognitive overload. Additionally, only in cases with such a
complex survey design there was evidence for learning and
fatigue effects and for contending that the experience of re-
spondents with the evaluation task matters for the response
consistency. The age of respondents, surprisingly, did not
matter for the response consistency at all. All in all, the ex-

24 Several model assumptions were tested to exclude the possibil-
ity that the low χ2-Values originated from misspecifications of the
regression equation.
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Figure 1. Raw reaction time (RT) by vignette position, dimensions and age groups [in seconds]

Table 3: Latency time, age and educational background

5 dimensions 8 dimensions 12 dimensions

b se b se b se

CAPI 2.359∗∗ .826 1.739∗ .877 .732 .986
Lower sec. school ref. ref. ref.
Middle sec school -.259 .889 .270 .963 .956 1.018
Higher sec. school .947 1.042 .479 1.131 .090 1.209
18-41 years ref. ref. ref.
42-59 years 1.197 .864 1.759 .935 .826 1.006
60 years and older 1.612 1.032 1.713 1.086 -1.561 1.256
Employed [1 = yes] -.534 .824 .635 .885 -1.467 1.008
Constant 9.325∗∗∗ 1.218 13.172∗∗∗ 1.319 19.496∗∗∗ 1.484

Sigma u 6.200 6.568 7.292
Sigma e 10.367 11.026 11.501
Vignettes 5408 5698 5409
Respondents 341 353 356
Wald Chi2(df=35) 850 808 963
p-value <.001 <.001 <.001
R2 .123 .109 .139
Generalized least squares (GLS) regression models; dependent variable (DV): latency time, controlled for vignette position.∗p <.05, ∗∗p <.01, ∗∗∗p <.001



THE APPLICATION OF FACTORIAL SURVEYS IN GENERAL POPULATION SAMPLES 97

Table 4: Regression on squared residuals by vignette dimensions

5 dimensions 8 dimensions 12 dimensions

b se b se b se

10 vignettes ref. ref. ref.
20 vignettes -.230 .173 -.111 .151 .030 .170
30 vignettes -.190 .180 .168 .160 .274 .180
CAPI ref. ref. ref.
CASI -.179 .182 .137 .160 .598∗∗ .186
PAPI -.052 .192 .176 .176 .243 .190
Lower sec. school ref. ref. ref.
middle sec school .025 .175 -.013 .160 -.292 .170
higher sec. school -.137 .206 .054 .182 -.282 .197
18-41 years ref. ref. ref.
42-59 years .298 .182 .085 .166 -.344 .181
60 years and older .050 .205 -.191 .186 -.268 .218
Employed [1 = yes] -.076 .171 -.089 .155 -.170 .178
Constant 2.620∗∗∗ .210 2.388∗∗∗ .193 2.772∗∗∗ .209

Sigma u 1.220 1.011 1.195
Sigma e 4.358 4.121 4.385
Vignettes 8669 8642 8674
Respondents 527 526 537
Wald Chi2 (df=9) 7.535 6.389 22.651
p-value .582 .700 .007
R2 .017 .011 .034
GLS regression models; DV: squared residuals
∗p <.05, ∗∗p <.01, ∗∗∗p <.001

Table 5: Regression on squared residuals by number of vignette

10 vignettes 20 vignettes 30 vignettes

b se b se b se

5 dimensions ref. ref. ref.
8 dimensions -.209 .153 -.115 .160 .170 .198
12 dimensions -.084 .151 .137 .160 .391∗ .198
Vignette position .267 .209 -.059 .089 -.162∗∗ .059
Vignette position2 [*10] -.737 .431 .022 .098 .105∗ .044
Vignette position3 [*10] .048 .026 -.000 .003 -.002∗ .001
CAPI ref. ref. ref.
CASI .165 .157 .045 .164 .390 .203
PAPI .184 .161 -.194 .178 .414 .218
Lower sec. school ref. ref. ref.
Middle sec school .301∗ .150 -.258 .155 -.552∗∗ .197
Higher sec. school .110 .170 -.088 .187 -.494∗ .227
18-41 years ref. ref. ref.
42-59 years .166 .155 -.179 .163 -.110 .212
60 years and older -.094 .179 -.247 .193 -.183 .233
Employed [1 = yes] -.161 .148 -.051 .156 -.112 .197
Constant 2.340∗∗∗ .336 3.076∗∗∗ .294 3.472∗∗∗ .317

Sigma u 1.228 .952 1.153
Sigma e 4.183 4.154 4.488
Vignettes 8485 8382 9118
Respondents 857 425 308
Wald Chi2(df=12) 21.965 18.416 44.654
p-value .038 .104 <.001
R2 .015 .021 .054
GLS regression models; DV: squared residuals
∗p <.05, ∗∗p <.01, ∗∗∗p <.001;
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plained variance of the models and therefore the indications
for cognitive overload were low.

5 Discussion

The FS approach is considered an appropriate instrument
for measuring normative judgments, social attitudes or hy-
pothetical decisions rules. So far, however, there is limited
knowledge about method effects when FSs are applied to
heterogeneous population samples. This study has focused
on how respondent characteristics associated with cognitive
abilities (respondents’ age and education) interact with the
complexity of the evaluation task in a FS module. The com-
plexity was varied by the number of vignettes and their num-
ber of dimensions. As dependent variables, both the response
times (measured by RTs and LTs) and the response con-
sistency (measured by the unexplained variance of vignette
judgments) were investigated.

All in all, the main findings support the applicability of
the FS approach in general population surveys. First, even
given a high number of vignettes and dimensions, the RTs
were not particularly long. The FS module took on average
between 2.85 and 9.55 minutes depending on the complexity
of the design. The development of RTs over vignette posi-
tions was characterized by a decline after the first vignettes;
obviously a few vignettes were needed to learn the rating task
at hand. Afterwards, the RT per vignette stayed almost sta-
ble. Second, even if older respondents showed longer RTs,
the analyses of the LTs (RTs that were adjusted for the indi-
vidual BS) found that there was no impact of either age or ed-
ucational background. Regardless of the measured variation
of cognitive ability, the vignette task did not cause length-
ened response times. Third, the analyses of the response
consistency showed almost no effects of the vignette posi-
tion, mode or respondents’ characteristics for the less com-
plex set-ups with no more than eight vignette dimensions and
no more than 20 vignettes per respondents. Only in cases of
very complex conditions (12 dimensions or 30 vignettes) did
design variables, like the survey mode, or respondent char-
acteristics, like education, have any explanatory power for
response consistency.

For the 30-vignette condition, there was a curvilinear ef-
fect of vignette order; this is in line with possible learning
and fatigue effects accompanied by a potentially higher con-
centration for the last vignettes evaluated. Additionally, for
the 30-vignette condition, the most complex design with 12
dimensions led to a higher inconsistency of responses, indi-
cating information overload. Furthermore, there were effects
of the educational level, showing that respondents with a
lower secondary degree produce a larger amount of inconsis-
tency within their ratings than respondents with higher levels
of education.

For the 12-dimension condition, one single method ef-
fect reached statistical significance: there was a lower con-
sistency of response in the CASI mode. The complex vi-
gnettes with long text were maybe exhausting or more diffi-
cult to read on the computer screen.25 Surprisingly, the age
of respondents was not correlated to response consistency at
all.

Summing up, these results suggest that the FS task does
not demand a higher cognitive effort, as measured in LTs,
than other questions, and that it triggers differences in re-
sponse consistency only across educational groups or survey
modes in cases of very complex settings with more than eight
dimensions and more than 20 vignettes. This is good news,
since most (but not all) applications so far are based on less
complex settings (for a review: Wallander 2009).

Further research should investigate whether these results
are replicable and generalizable to FSs dealing with other
substantive topics or respondent samples. Another recom-
mendation is to study whether respondents fade out some
dimensions of the vignettes to reach consistent evaluations.
There is some evidence from research on related methods
like choice experiments and conjoint analyses that respon-
dents use a lot of information when evaluating the first vi-
gnettes and concentrate only on a number of more salient
dimensions later on (Bradley and Daly 1994; Caussade et
al. 2005). If these results were true for FSs as well, fur-
ther research would be needed to find out if those response
heuristics lead to valid responses and mirror judgment or de-
cision behavior in real situations (Gigerenzer and Todd 1999)
or if those heuristics on the contrary represent a problematic
response behavior caused by the artificial, repeated evalua-
tion task in FSs. In addition, there is more research needed
to understand the mode effect and to test how the cognitive
load, and so response consistency, is related to respondents’
knowledge and experience with the evaluation task.

What can nevertheless be learned from the study at hand
is that the implementation of FSs in general population sam-
ples should take cognitive restrictions into careful consider-
ation; one recommendation would be to limit the number of
vignettes to no more than 20 vignettes with fewer than 12
dimensions in order to avoid fatigue effects and inconsistent
responses. The general message of our paper is, however,
that FSs are applicable in general population surveys and that
respondents with different age and educational backgrounds
are able to perform the demanding evaluation tasks of FSs
and produce a high level of response consistency during or-
dinary response times.
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Appendix

A1: Vignette examples

Vignette with five dimensions

A 60-year-old woman with vocational training works as a social worker.
Her monthly gross earnings total 2,500 Euros (before tax and extra charges).

Are the monthly gross earnings of this person fair or are they, from your point of view, unfairly high or low?

Unfairly low Fair Unfairly high
-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5
q q q q q q q q q q q

Vignette with eight dimensions

A 50-year-old woman with no vocational training has two children. She works as a clerk and has gained a lot of experience.
She has worked for the company for a long time.

Her monthly gross earnings total 1,200 Euros (before tax and extra charges).

Are the monthly gross earnings of this person fair or are they, from your point of view, unfairly high or low?

Unfairly low Fair Unfairly high
-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5
q q q q q q q q q q q

Vignette with 12 dimensions

A 40-year-old woman with no vocational training has one child and works as an engine-driver. She has gained a lot of
experience. She has had health problems for a long time.
She joined the (economically stable) large enterprise a long time ago and her performance is above average.

Her monthly gross earnings total 1,500 Euros (before tax and extra charges).

Are the monthly gross earnings of this person fair or are they from your point of view unfairly high or low?

Unfairly low Fair Unfairly high
-5 -4 -3 -2 -1 0 +1 +2 +3 +4 +5
q q q q q q q q q q q



102 CARSTEN SAUER, KATRIN AUSPURG, THOMAS HINZ AND STEFAN LIEBIG

Table A2: Median raw reaction time (RT) by number of vignettes and dimensions [in minutes]

Number of dimensions

Number of vignettes 5 8 12

10 2.85 3.52 3.85
20 4.97 5.72 6.33
30 6.87 8.37 9.55


