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i Summary

i.i Introduction and scope
i.i.i Psychological research on the Internet

For quite a long time now, the Internet as means of academic research is no longer a periph-
eral phenomenon (e.g., Batinic, Reips, & Bosnjak, 2002; Gosling & Johnson, 2010; Reips
2006b, 2006¢; Reips & Bosnjak, 2001; Sassenberg, Boos, Postmes, & Reips, 2003). In psy-
chology, too, web-based research is now very much a part of curricula and research meth-
ods (Barak, 1999, 2008; Batinic, 2000; Déring, 2003; Joinson, McKenna, Postmes, & Reips,
2007; Reips & Birnbaum, in press), and is seen as a complementary element to traditional
methods (Birnbaum, 2000a; Birnbaum & Reips, 2005; Eid & Diener, 2006; Reips, 2003). In a
meta-analysis, Skitka and Sargis (2006) point out that between 2003 and 2004 already one
fifth of all journals listed by the American Psychological Association (APA) published at least

one article on Web-based research.

When a local psychological laboratory is provided with access to the Internet, it becomes a
Web laboratory (see Birnbaum, 2000a; Musch & Reips, 2000; Reips, 2001; Skitka & Sargis,
2006). Research done in such a Web laboratory does no longer require the simultaneous
presence of the laboratory facilities, the person in charge of the experiment, and the partici-
pants. In addition, Web experiments can be conducted around the clock. The only require-
ment for participation is a Web browser and access to the Internet. Thus, research possibili-
ties gain in quantity and, most importantly, they gain in quality (Janetzko, Hildebrand, &
Meyer, 2003; McGraw, Tew, & William, 2000; Reips, 2000, 2001, 2002b, 2002c; Reips &
Krantz, 2010).

In experimental research, computers have been used as early as the 1970’s (Connes, 1972;
Hoggatt, 1977). The Internet has been used for psychological research since the mid 1990’s
(see Reips, 2002b). Inevitably, Web-based studies share many general characteristics of
computer-assisted data collection and computer-mediated communication (e.g., Mihlenfeld,
2004; Reips, 2006a). Chapter 1 of the dissertation at hand addresses advantages and disad-
vantages associated with Web-based data collection (see also Best & Krueger, 2004; Cou-
per, 2008; Krosnick, 1999; Reips, 2006b; Reips & Bosnjak, 2001; Schmidt, 1997; Welker &
Wenzel, 2007).

14
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i.i.ii Effects of rating scales

Ratings scales — like agree/disagree scales — play a special part as an important means of
communication between researcher and respondent (see Krosnick & Fabrigar, 1997). In
closed-ended rating scales , for example, a high number of response options may indicate
that an elaborate answer is expected whereas, a small number of response options may
convey the information that a global or spontaneous judgment is sufficient. Especially with
fuzzy questions or concepts, respondents use properties of rating scales to a greater extent
in order to draw conclusions regarding the very meaning of a question. Tourangeau, Couper,
and Conrad (2004) describe important underlying heuristics used by respondents in order to
better understand questions (e.g., that response options in the middle of a rating scale stand

for typical responses).

Rating scales in computer-assisted questionnaires are especially prone to unintended differ-
ences in presentation on the respondent’s screen. Even subtle differences in the graphical
presentation of rating scales can impact on question understanding and thus on given an-
swers. This is well documented in general survey methodology (e.g., Lyberg et al., 1997;
Schwarz, Hippler, Deutsch, & Strack, 1985; Schwarz, Knauper, Hippler, Noelle-Neumann, &
Clark, 1991), as well as in Web-based research (see Couper, 2008; Couper, Traugott, & La-
mias, 2001; Dillman et al. 2009; Dillman & Bowker, 2001; Reips, 2010; Smyth, Dillman,
Christian, & Stern, 2006; Tourangeau, Couper, & Conrad, 2004). Chapter 1 discusses these

effects of rating scales in greater detail.

i.i.iii Visual analogue scales

Visual analogue (or analog) scales (VASs, see also Chapter 1.3.6) are a particular type of
rating scales that were described as early as the 1920’s (Hayes & Patterson, 1921). Most
studies presented here (see Chapters 2, 3, and 4) deal with the influence of VASs on data
quality in Web surveys. With VASs, respondent indicate the extent of agreement to an item
on a continuum — represented by a straight line — rather than using discrete response cate-
gories. As no clear advice on how VASs should be designed is given in literature, research-
ers are free to change parameters like length and width of the scale. All VASs used in the
studies presented here have in common that only the ends were provided with verbal an-
chors, and every pixel in length served as a possible rating. Figure i.i. illustrates how judg-
ments were communicated on these VASs. Directly after load of the Web page, VASs are in

idle state without any marker except for the verbal labels at the very ends (A). To make a
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judgment, the mouse pointer has to be moved to the target value (B), and after a mouse click
the marker appears that indicates the rating (C). Answers can easily be corrected by clicking

on another position on the VAS. Clicking the next button saves the rating.

A agree disagree
B agree Y disagree
C agree x disagree
next
Figure i.i. VAS with 250 possible values, after load of a Web page (A), with mouse pointer over

target value (B), and with marker after mouse click (C).

The decision to use VASs as rating scales has an impact on three stages of the research
process: questionnaire design, measurement process, and data analysis. When designing
questionnaires for VASs, researchers do not have to determine the number of response op-
tions. Even with discrete rating scales, the decision whether to use an even or an odd num-
ber of response options can be challenging (see Funke & Reips, 2007, Chapter 1). An odd
number of response options, for instance, will result in a middle category whose interpreta-
tion can be complicated due to the fact that ambiguity, middle intensity, and concealed item

nonresponse cannot be told apart.

For the measurement process, VASs offer a number of obvious advantages. Firstly, there is
the chance to measure subtle differences or changes. Secondly, VASs use very efficiently
the space available on the respondent’s screen. A VAS with a range of 50 values will need
no more space than three radio buttons. Chapter 2 (Reips & Funke, 2008) shows that even
measurements with very short VASs can be valid. Last but not least, data collected with
VASs can bee seen as being on the level of an interval scale, thus meeting the requirements
for many statistical procedures (see Chapter 2, Reips & Funke, 2008). By contrast, there is
some indication that respondents use categorical scales in a different way, especially ex-
treme categories (see Funke, 2004; Funke & Reips, 2006a, Appendix B; Gerich, 2007).

Regarding data analysis, VASs offer considerably larger possibilities than categorical rating
scales. Unmodified raw data — rating given on VASs — can be used instantly for statistical
analysis. This allows accurate testing if data follow a certain distribution, which can be a pre-

condition for certain statistical procedures. The greatest potential, however, lies in the vari-
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ous possibilities of data recoding. Within one analysis, the very same data set can be
recoded in many different ways (e.g., regrouping into quantiles or bisection by scale midpoint
or by median split). Thus, many parallel analyses can be performed with a single data set. By
contrast, there are only few possibilities of recoding data from categorical scales, where al-

ready simple procedures like bisection may become a problem if odd rating scales are used.

Visual analogue scales and academic research. Thinking about the advantages men-
tioned above, one should expect that VASs are first choice when designing questionnaires.
Literature research reveals, though, that neither in psychology, in sociology, nor in other
branches of science where questionnaires play a part, VASs are used frequently. Only in the
medical sector — especially in pain research (see Couper et al., 2006) — VASs are regarded

highly.

Apart from problems with implementation (see Chapter 2 for a solution) and the fact that
some tests have been validated with certain rating scales, the most important explanation for
the rare use of VASs could be that measurement error is not properly taken into account. A
common misconception regarding measurement error is the focus on bias (i.e., a systematic
over- or underestimation of the central tendency). In most experimental studies, indeed, no
statistically or practically significant differences in mean ratings are observed when compar-
ing VASs and categorical scales (for Web-based research see Couper et al. 2006; Chapters
3.3, 3.4, 4.5.4). This absence of bias is often mistakenly taken as proof of equivalence of
measurement. For this reason and because of minor administration effort involved, categori-
cal scales are preferred to VASs. However, there is another important aspect of measure-
ment error that has to be considered. Measurement error increases the standard error, which
in turn leads to an underestimation of effect sizes. As standard error will also influence the
level of significance, null hypotheses are incorrectly kept, Type Il error goes up, and statisti-
cal power goes down. Larger sample sizes are therefore needed to detect effects. Error also
results in small effects being drowned by data noise; they cannot be observed at all, even
with a large sample size. Chapter 3 addresses these issues and points out that the amount
of error introduced by a certain rating scale is of key importance for the assessment of data

quality.
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i.ii Objective and findings

The primary concern of the dissertation at hand is to help fill the considerable gap of knowl-
edge regarding Web-based VASs. The studies presented here were conducted to test if the
general restraint in using VASs outside the medical sector — despite the theoretical advan-
tages presented above — is justified or not. The results are meant to facilitate decision-
making on the pros and cons of the use of VASs in computer-assisted studies. The potential

of graphical response scales focusing on VASs is analyzed in five chapters.

Chapter 1: Web-Based Measurement and Rating Scales. The first chapter (Funke &
Reips, 2007) summarizes current literature on basics, possibilities, and pitfalls of Web-based
measurement. The emphasis is put in particular on relevant findings from the field of survey
methodology that demonstrate the influence of different rating scales on data quality. One
conclusion that can be drawn is the finding that besides a remarkably large number of advan-
tages of Web-based research, technology has to be carefully considered. Especially changes
in rating scales or new technological implementation should be extensively pretested to

check if the expected benefits really hold.

Chapter 2: Interval-Level Measurement With Visual Analogue Scales in Inter-
net-Based Research: VAS Generator. VAS Generator — a free Web service that can be
found on http://vasgenerator.net — is presented in the second chapter (Reips & Funke, 2008).
With the help of this tool, VASs can easily be customized in five steps and downloaded for
use in local computerized research or in Web-based research. Since its start in 200,7 the

Web site has been visited"' more than 17.000 times (see Figure i.ii).

In a Web experiment, the influence of VASs on data quality was examined. The main finding
was that in agreement with theoretical assumptions about measurement properties, data col-
lected with VASs can be seen as being on the level of an interval scale. Important require-

ments for many statistical analyses are therefore met.

i‘1Unique visits, i.e., access from different IP addresses or from the same IP address with the same
browser, but not within 30 minutes.
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Figure i.ii. Cumulated visits on http://vasgenerator.net between the first six months 2007 and
2010.

Chapter 3: Lowering Measurement Error With Visual Analogue Scales. The third
chapter (Funke & Reips, 2010a) starts with a simulation study to determine the expected ex-
tent of measurement error introduced by rating scales with three to twelve response options

and by VASs (see Figure i.iii).

True Score

Latent Variable:

R(iported Score

_--__-__-_X<_

Rating Scale: ) @ ' ’
—
Formatting Error
Figure i.iii. lllustration of formatting error with 5-point scale.

An interaction between the number of response options and the distribution of true scores
was detected. Thus, the optimal number of response options regarding formatting error can
only be determined with knowledge that is not available when a questionnaire is designed. In
two follow-up studies the theoretical advantages of a lower measurement error with VASs
were tested empirically. It was found that measurement with VASs has indeed a beneficial
effect on data quality in so far as the measurement error is lowered in comparison to cate-

gorical scales with up to nine response options. Furthermore, VASs are superior to categori-
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cal scales with regard to other aspects of data collection. Thus, they are to be preferred to

categorical scales as long as no technical considerations stand in the way (see Chapter 1).

Chapter 4: Semantic Differentials Made of Visual Analogue Scales. Chapter num-
ber four (Funke & Reips, 2010b) presents an experimental comparison of semantic differen-
tials either made of common 5-point scales or VASs. When collecting data with semantic dif-
ferentials, VASs’ capability to measure even small differences is thought to be of particular

importance (see Figure i.iv).

A modern x classic
warm x cold
borin X iti
g X exciting
B modern C ® E O C classic
warm 3 ® 3 cold
boring € ® exciting
Figure i.iv. Semantic differential made of VASs (A) and categorical scales (B).

Apart from a trend for lesser item nonresponse with VASs, given ratings were adjusted about
twice as often with VASs in comparison to 5-point scales. When considering response laten-
cies, there is evidence that respondents were willing to devote a certain amount of time when
answering semantic differentials. With 5-point scales, time had to be taken for formatting an-
swers on the scales, whereas with VASs respondents used the time to state answers more
precisely. When used as rating scale with semantic differentials, VASs prove to have a bene-

ficial effect.

Chapter 5: Sliders for the Smart: Type of Rating Scale on the Web Interacts
With Educational Level. The final study (Funke, Reips, & Thomas, in press) reports re-
sults from a Web experiment on slider scales (see Figure i.v), another type of graphical rating

scale that at first glance is quite similar to VASs (for distinguishing features see Chapter 1).

agree | } J } | disagree

Figure i.v. Slider scale with handle in middle position.
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In a Web experiment, two factors were manipulated, the rating scale itself (slider scale ver-
sus 5-point scale) as well as its alignment (horizontal versus vertical). Whereas changes in
alignment had no observable effect on data quality, the use of slider scales instead of cate-
gorical scales resulted in a major increase of respondents breaking off participation. In addi-
tion, the response scale influenced the distribution of ratings. While problems were less pro-
nounced with respondents with higher formal education, respondents with lower formal edu-
cation had serious problems when using slider scales. Furthermore, a comparison between
VASs, categorical scales, and slider scales (Funke & Reips, 2008, see Appendix B) indicates
that data collected with slider scales are more similar to data from categorical scales than to
data from VASs. Overall, there is no evidence for any advantage to be gained from the use

of slider scales.

i.iili Conclusion

The studies presented in this thesis provide further evidence that rating scales may have a
major effect on Web-based data collection. It has to be said, however, that they affect only
certain parts of the measurement process — especially question understanding and the for-
matting process (see Schwarz & Oyserman, 2001; Groves et al. 2009). Although an inappro-
priate rating scale can considerably harm the quality of a study carefully designed in all other
respects, a matching rating scale cannot compensate for flaws in other areas (e.g., poor
question wording or graphical design). To assure high-quality data, each and every factor of
questionnaire design has to be considered. In practice, there is not one perfect rating scale
for each and every questionnaire. The topic of the study, the characteristics of the respon-
dent, the research question, as well as technology have to be taken into account. Especially
the study on slider scales presented in Chapter 5 illustrates how the careless use of technol-
ogy can have a highly negative impact on data collection. On the other hand, the studies on
VASs presented in Chapters 2 to 4 serve as an example of how rating scales that differ from
commonly used categorical rating scales may have beneficial effects. Overall, it has been
demonstrated that VASs provide an important addition to established online research meth-

ods.

The dissertation at hand has an epistemological and an ethical dimension. All chapters re-
volve around the question of how rating scales influence knowledge acquisition. By influenc-
ing the amount of data noise, rating scales also affect the chance to observe small but impor-

tant effects. The studies on VASs provide evidence that the reduction of measurement error
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is not only theoretical; there is also empirical evidence for this important quality of the rating

scale. Thus, Web-based measurement with VASs contributes to a broadening of knowledge.

To a large extent, psychological research depends on the cooperation of participants. Re-
search ethics imply that the number of participants should be as low as possible. Thus, rating
scales are to be preferred that allow a reduction of the needed sample size. Chapter 3 states
that the reduction of measurement error with VASs can help achieve statistically significant
results with fewer respondents. The resulting reduction of study costs is a positive side ef-

fect. Following a paradigm of good scientific practice, the use of VASs should be considered.

The methodological studies presented here contribute to a better understanding of how re-
search can profit from VASs. Overall, VASs can significantly improve the measurement of
mentally well-represented, continuous latent constructs. Takings the presented findings into
account, the reluctance to use VASs in psychological research lacks empirical foundation, at
least in Web-based studies. It is therefore recommended that researcher interested in high

data quality take advantage of the considerable potential of visual analogue scales.
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ii Zusammenfassung (German Summary)

ii.i Einfiilhrung und Rahmen

ii.i.i Psychologische Forschung im Internet

Das Internet als Medium akademischer Forschung ist langst keine Randerscheinung mehr
(siehe Batinic, Reips, & Bosnjak, 2002; Gosling & Johnson, 2010; Reips 2006b, 2006c;
Reips & Bosnjak, 2001; Sassenberg, Boos, Postmes, & Reips, 2003). Auch in der Psycholo-
gie hat Forschung im World Wide Web einen festen Platz in Curricula und im Methodenka-
non (Barak, 1999, 2008; Batinic, 2000; Déring, 2003; Joinson, McKenna, Postmes, & Reips,
2007; Reips & Birnbaum, in press) und erganzt traditionelle Forschungsmethoden (Birn-
baum, 2000a; Birnbaum & Reips, 2005; Eid & Diener, 2006; Reips, 2003). Skitka und Sargis
(2006) halten in einer Metaanalyse fest, dass bereits zwischen 2003 und 2004 ein Fnftel
der von der American Psychological Association (APA) gelisteten Zeitschriften mindestens
einen Artikel veréffentlicht hatten, in dem Ergebnisse webbasierter Forschung berichtet wur-

den.

Wird das psychologische Labor vor Ort durch eine Zugangsmaoglichkeit via Internet erweitert,
spricht man von einem Weblabor (vgl. Birnbaum, 2000a; Musch & Reips, 2000; Reips, 2001;
Skitka & Sargis, 2006). Bei der Forschung im Weblabor entfallt die Notwendigkeit der physi-
schen Gleichzeitigkeit von Labor, Versuchsleiter und Untersuchungsteilnehmer. An Webex-
perimenten kann grundsatzlich 24 Stunden am Tag an 365 Tagen im Jahr teilgenommen
werden, solange ein Zugang zum Internet besteht. Dadurch werden Forschungsmaoglichkei-
ten nicht nur quantitativ, sondern vor allem auch qualitativ erweitert (Janetzko, Hildebrand, &
Meyer, 2003; McGraw, Tew, & William, 2000; Reips, 2000, 2001, 2002b, 2002c; Reips &
Krantz, 2010). Computer kommen in der experimentellen Forschung bereits seit den 1970er
Jahren zum Einsatz (Connes, 1972; Hoggatt, 1977), das Internet wird seit Mitte der 1990er
Jahre fir psychologische Forschung genutzt (siehe Reips, 2002b). Im Web durchgefiihrte
Studien tragen zwangslaufig viele Charakteristika computerisierter Datenerhebung und com-
putervermittelter Kommunikation (siehe Mihlenfeld, 2004; Reips, 2006a), was sowohl Vortei-
le als auch Nachteile und Risiken mit sich bringt, die in Kapitel 1 der vorliegenden Arbeit im
Detail behandelt und im Folgenden nur kurz angesprochen werden sollen (siehe aber auch
Best & Krueger, 2004; Couper, 2008; Krosnick, 1999; Reips, 2006b; Reips & Bosnjak, 2001;
Schmidt, 1997; Welker & Wenzel, 2007).

24
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Vorteile der Forschung im Web. Zu den allgemeinen Vorteilen computervermittelter
Forschung zahlen neben einer hohen Standardisierung die Uberwiegende Automatisierung
des Untersuchungsprozesses, das sichere Durchfiihren anspruchsvoller Experimente, kom-
plexe Filterfihrung, die konditionale Prasentation multimedialer Stimuli (Fuchs, 2008; Fuchs
& Funke, 2007), sowie die Randomisierung von Frage- und Antwortreihenfolge. Hinzu kommt
die Moglichkeit des Aufzeichnens von Prozessdaten wie Reaktionszeiten und Eingabekor-
rekturen, was Inferenz auf zugrunde liegende kognitive Prozesse erlaubt (siehe Heerwegh,
2003; Stieger & Reips, in press). In Untersuchungen im Web lassen sich Fehlerquellen wie
Versuchsleitereffekte und soziale Erwinschtheit verringern (siehe Richman, Kiesler, Weis-
band, & Drasgow, 1999). Studien im Web weisen im Vergleich zur Laborsituation vor Ort
zwar eine geringere technische Standardisierung auf, was einerseits die Gefahr des Auftre-
tens technischer Probleme birgt. Andererseits kann so die externe Validitat von Ergebnissen
durch gréRere Varianz der Befragungssituation gesteigert werden. Letztlich entfallt die bei
Papierfragebdgen zeitlich und finanziell aufwandige und fehleranfallige Dateneingabe, so-

dass die Datenanalyse bereits parallel zur Feldphase erfolgen kann.

Die speziellen Vorteile von Untersuchungen im World Wide Web im Vergleich zu computer-
unterstitzter Forschung vor Ort sind vor allem die schnelle Erreichbarkeit vieler, auch geo-
graphisch weit voneinander entfernter Teilnehmer. Zudem ermdéglicht das Internet den Zu-
gang zu speziellen und seltenen Populationen (z. B. Mangan & Reips, 2007; Marcell & Falls,
2001). Durch die immer gréRRere Verbreitung von Internetzugangen und Daueranbindungen
ans Netz, nicht nur zu Hause oder am Arbeitsplatz, sondern auch unterwegs durch den mo-
bilen Zugang mit Mobiltelefonen und ahnlichen Geraten, werden weitere Mdglichkeiten eroff-
net (siehe Fuchs, 2008; Peytchev & Hill, 2010). Letztlich zeichnen sich Onlinebefragungen
vor allem bei Untersuchungen mit einer groRen Anzahl von Befragten durch geringere finan-

zielle Kosten aus.

Nachteile und Risiken der Forschung im Web. Grundsatzliche Nachteile computeri-
sierter Untersuchungen sind vor allem mit der technischen Abhangigkeit von Hard- und
Software verbunden. Auch wenn Onlinefragebdgen nicht manuell programmiert werden
muissen und zahlreiche Programme fir deren Erstellung zur Verfliigung stehen (z. B. Goritz &
Birnbaum, 2005; Reips & Neuhaus, 2002), sollten Forscher lUber eine gewisse technische
Expertise verfligen, um bestehende Moglichkeiten vollstandig nutzen, die Struktur von Fra-
gebdgen Uberprifen und Fallstricke erkennen zu kdénnen. Selbst bei groRtmaoglicher Sorgfalt
und Bericksichtigung der Erkenntnisse der Umfragemethodologie (z. B. de Leeuw, Hox, &
Dillman, 2008; Dillman, Smyth, & Christian, 2009; Groves et al., 2009) kann der Modus der

Datenerhebung (z. B. Telefon versus Papier versus Web) einen grofen Einfluss auf die je-
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weils gewonnen Daten haben. Wenn verschiedene Erhebungsarten in einem Mixed-mode-
Design (siehe Dillman & Smyth, 2007; Dillman et al., 2009; Fass & Schoen, 2006; Schonlau,
Asch, & Du, 2003) parallel zum Einsatz kommen, kann der Erhebungsmodus als unabhangi-
ge Variable genutzt werden. Somit kdnnen Ruckschlisse darauf gezogen werden, welchen
Einfluss das Medium Internet zum Beispiel auf psychologische Messungen haben kann (sie-
he auch Gosling & Johnson, 2010; Krantz & Dalal, 2000; Proctor & Vu, 2005; Reips & Bosn-
jak, 2001).

Ein weiteres ernst zu nehmendes Problem ist, dass sich der technischen Varianz auf Seiten
der Untersuchungsteilnehmer nicht immer Rechnung tragen Idsst. Da technische und psy-
chologische Variablen konfundiert sein konnen (Buchanan & Reips, 2001), besteht das Risi-
ko, dass Befragte mit bestimmten Charakteristika systematisch aufgrund technischer Restrik-
tionen von Untersuchungen ausgeschlossen werden und Ergebnisse somit verzerrt werden

(siehe auch Kapitel 5).

Wie in Kapitel 1 detailliert beschrieben wird, liegt eine weitere Fehlerquelle in der Program-
mierung von Onlinefragebdgen. Aus sorgloser Programmierung kénnen Darstellungs- und
Funktionalitdtsunterschiede von Fragebdgen resultieren, was im aufdersten Fall zu selektiven
Teilnahmeabbriichen fiihren kann. Gerade bei Antwortskalen kénnen geringe Anderungen
des Aussehens einen groften Einfluss auf die Datenglte haben (siehe Couper, Conrad, &
Tourangeau, 2007; Symth, Christian, Dillman, & Stern, 2006b). Der online forschende Wis-
senschaftler bendtigt somit zusatzliches Wissen, damit er aus unzureichender Programmie-
rung resultierende Probleme erkennen und vermeiden kann. Erfolgreiche Forschung im In-
ternet bedarf mehr, als einen vorhandenen Fragebogen in ein Textverarbeitungsprogramm

zu kopieren, ihn als Website zu speichern und online zuganglich zu machen.

ii.i.ii Effekte von Antwortskalen

Antwortskalen, beispielsweise zur Messung des Grades der Zustimmung zu einem Testitem,
spielen bei der Durchfihrung von Untersuchungen eine besondere Rolle, da Uber sie ein
wichtiger Teil der Kommunikation zwischen Forscher und Untersuchungsteilnehmer erfolgt
(siehe Krosnick & Fabrigar, 1997). Bei geschlossenen Ratingskalen kann eine groRere An-
zahl von Antwortmdglichkeiten beispielsweise anzeigen, dass eine elaborierte Antwort erwar-
tet wird, und eine geringe Anzahl von Antwortmdglichkeiten, dass lediglich ein globales Urteil
gefragt ist. Vor allem bei unklarer Fragestellung oder Konzeptualisierung nutzen Untersu-

chungsteilnehmer verstarkt Eigenschaften von Antwortskalen, um Rilckschliisse auf die Be-
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deutung einer Frage zu ziehen und greifen dafir auf bestimmte Heuristiken zuriick (z. B.
dass die mittlere Antwortmoglichkeit als typische Antwort angesehen wird; siehe Touran-

geau, Couper, & Conrad, 2004).

Neben den oben genannten eher allgemeinen Fehlerquellen bergen Antwortskalen ein be-
sonderes Fehlerpotenzial, unter anderem deswegen, da bereits geringe Darstellungsunter-
schiede einen bedeutsamen Einfluss auf das Antwortverhalten haben kénnen. Dies ist in der
allgemeinen Umfragemethodologie gut dokumentiert (Lyberg et al., 1997; Schwarz, Hippler,
Deutsch, & Strack, 1985; Schwarz, Knauper, Hippler, Noelle-Neumann, & Clark, 1991) und
trifft auch auf Webbasierte Befragungen zu (siehe Couper, 2008; Couper, Traugott, & Lami-
as, 2001; Dillman et al. 2009; Dillman & Bowker, 2001; Reips, 2010; Smyth, Dillman, Christi-
an, & Stern, 2006; Tourangeau, Couper, & Conrad, 2004). In Kapitel 1 werden mogliche

Probleme verschiedener Antwortskalen im Detail diskutiert.

ii.i.iii Visuelle Analogskalen

Ein besonderer Skalentyp, der bereits in den 1920er Jahren beschrieben wurde (Hayes &
Patterson, 1921), sind visuelle Analogskalen (VAS, siehe auch Kapitel 1.3.6). Im Grofteil der
hier vorgestellten Studien (Kapitel 2, 3 und 4) wird der Einfluss von VAS auf die Gite der
damit erhobenen Daten untersucht. Bei VAS handelt es sich um ein kontinuierliches Messin-
strument, bei dem Befragte das Ausmal} einer Antwort (z. B. der Zustimmung mit einer Aus-
sage) auf einem graphisch reprasentierten Kontinuum — einer Linie — verorten. Eine feste
Operationalisierung von VAS findet sich in der Literatur nicht, sodass die konkrete Ausgestal-
tung dem Forscher obliegt. Bei den im Rahmen dieser Arbeit genutzten VAS waren
ausschliel3lich die Enden mit Ankerstimuli versehen und jeder Pixel in der Lange der VAS
einer mdglichen Antwort. Abbildung ii.i verdeutlicht, wie ein Urteil auf VAS abgegeben wird:
Im Ruhezustand, direkt nach dem Laden der Webseite, ist die VAS ohne Markierung (A).
Zunachst muss der Mauszeiger an die Stelle bewegt werden, die den zutreffenden Wert re-
prasentiert (B). Mit einem Klick wird die Antwort gegeben, die durch ein Kreuz auf der Skala
kenntlich gemacht wird (C). Das Urteil kann durch einen Klick auf eine andere Stelle der VAS

korrigiert werden.

VAS beeinflussen drei Stadien empirischer Studien: die Fragebogenentwicklung, den Mess-
prozess und die Datenanalyse. Bei der Fragebogenentwicklung entfallt die bei diskreten
Antwortskalen nétige Entscheidung flir eine gewisse (gerade oder ungerade) Anzahl von

Antwortmdglichkeiten; moégliche Kategorisierungen erfolgen erst wahrend der Analyse.
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A sehr sehr
unzutreffend zutreffend

B sehr sehr
unzutreffen zutreffen
treffend treffend

sehr N/ sehr

C h h
unzutreffend N\ zutreffend

weiter

Abbildung ii.i. VAS mit 250 mdglichen Werten direkt nach dem Laden einer Webseite (A), mit Maus-
zeiger uber dem zutreffenden Wert (B) und mit durch Klick abgegebenem Urteil (C).

Far den Messprozess bieten VAS viele Vorteile. Der offenkundigste Vorteil ist, dass schon
geringste Unterschiede oder Veranderungen im Antwortverhalten gemessen werden konnen.
Zudem sind VAS sehr effizient hinsichtlich der Nutzung des auf einem Bildschirm verfugba-
ren Raumes. Eine VAS mit einer Spannweite von 50 mdglichen Messpunkten nimmt densel-
ben Platz ein wie drei Radiobuttons. Dass Messungen auch mit sehr kurzen VAS valide sein
kénnen, zeigt die in Kapitel 2 vorgestellte Untersuchung (Reips & Funke, 2008). Der test-
theoretisch wichtigste Punkt ist allerdings, dass mit VAS erhobene Daten als intervallskaliert
betrachtet werden kénnen (siehe Kapitel 2). Bei Kategorialskalen mit einer begrenzten An-
zahl von Antwortmdglichkeiten gibt es Hinweise darauf, dass Befragte den Antwortkategorien
(vor allem den Randkategorien, siehe Funke, 2004; Funke & Reips, 2006a) unterschiedlich
groBe Intensitatsintervalle zuweisen. Wahrend bei Messungen mit Kategorialskalen also
fraglich ist, ob Daten intervallskaliert sind, erfillen mit VAS erhobene Daten dieses Kriterium

fur die Anwendung einer Vielzahl statistischer Testverfahren.

Bezuglich der Datenanalyse erweitern VAS die Moglichkeiten erheblich. Die Rohdaten — also
die unmittelbar auf einer VAS gegebenen Antworten — kdnnen zunachst unverandert genutzt
werden. Mit den Rohdaten kann im Vergleich zu Kategorialskalen auch praziser getestet
werden, ob Daten einer bestimmten Verteilung folgen — normalverteilte Daten sind bei-
spielsweise eine Voraussetzung fir einige statistische Verfahren. Das eigentlich Besondere
bei der Datenauswertung mit VAS ist allerdings, dass im Rahmen des Analyseprozesses
parallel mehrere unterschiedliche Kategorisierungen (z. B. Dichtomisierung oder Gruppie-
rung in Quantile) durchgefuhrt werden kénnen, sodass mit ein und demselben Datensatz
mehrere Analysen berechnet werden kdnnen. Im Gegensatz dazu sind die Mdglichkeiten mit
Kategorialskalen sehr begrenzt. So kann beispielsweise eine Dichotomisierung mit gleichviel
Kategorien umfassenden Gruppen nur bei Antwortskalen mit einer geraden Anzahl von Ka-

tegorien erfolgen.
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Visuelle Analogskalen in der akademischen Forschung. Bedenkt man die obigen
Vorteile, die bei Messungen mit VAS zu erwarten sind, sollte man meinen, dass diese Ant-
wortskala zu den am haufigsten genutzten Messinstrumenten gehdrt. Eine Sichtung der
Fachliteratur zeigt allerdings, dass VAS in der Psychologie ebenso wie in der Soziologie und
angrenzenden Wissenschaften, in denen viel mit Fragebdgen gearbeitet wird, kaum einge-
setzt werden. Einzig in der Medizin — vor allem in der Schmerzforschung — werden VAS h&u-
fig genutzt (siehe Couper et al., 2006). Fiur diese geringe Verbreitung von VAS kdnnen ne-
ben einer generellen Innovationsaversion mehrere Faktoren als ursdchlich angesehen wer-
den: Erwagungen hinsichtlich des praktischen Aufwands und der technischen Umsetzung,
eine unzureichende Berilicksichtigung des Messfehlers und das Bestreben nach For-
schungskontinuitat. Wie im Folgenden verdeutlicht wird, spricht bei der computergestutzten
Datenerhebung lediglich in speziellen Situationen der letzte Punkt gegen die Nutzung von
VAS.

Die wichtigste Erklarung fir die seltene Nutzung von VAS liegt wahrscheinlich darin, dass bei
der Entscheidung fiir eine bestimmte Antwortskala deren Einfluss auf den Messfehler nur
unzureichend berlcksichtigt wird. Grundlegend wird zwischen systematischer Antwortverzer-
rung (Bias) und zufélliger Abweichung (Error) unterschieden. Im ersten Fall tritt eine Uber-
oder Unterschatzung der zentralen Tendenz von Daten (wie arithmetisches Mittel und Medi-
an) auf. Bei einem Grofdteil der in der Literatur berichteten, direkten Vergleichen von Mes-
sungen mit VAS und Kategorialskalen sind Unterschiede zwischen den Skalen entweder sta-
tistisch oder praktisch nicht signifikant (siehe Couper et al., 2006 fir einen webbasierten
Vergleich). Aus diesen Ergebnissen wird haufig falschlicherweise abgeleitet, dass VAS kei-
nen Einfluss auf den Messprozess haben und folglich der einfacher zu administrierenden
Skala, also der Kategorialskala, der Vorzug zu geben ist. Das Fehlen einer systematischen
Verzerrung ist allerdings kein hinreichendes Kriterium aquivalenter Messungen. Der Schlis-
sel zum tieferen Verstandnis der Skalengute liegt in der Betrachtung des zufalligen Messfeh-
lers. Der zuféllige Messfehler — auch das Rauschen in den Daten genannt — beeinflusst zwar
nicht die Messung von Mittelwerten und fihrt zu erwartungstreuen Schatzern der zentralen
Tendenz, er hat jedoch andere negative Auswirkungen. Das Datenrauschen erhdht den
Standardfehler von Messungen, was zu einer generellen Unterschéatzung von Effektstarken
fuhrt. Da der Standardfehler auch die Irrtumswahrscheinlichkeit statistischer Tests beein-
flusst, wird zudem die Nullhypothese in unzutreffender Weise aufrechterhalten, der Fehler 2.
Art steigt und die Teststarke (Power) sinkt. Um tatsachlich bestehende Unterschiede auf ge-
gebenem statistischem Signifikanzniveau messen zu kdnnen, muss die Anzahl der Untersu-
chungsteilnehmer erhéht werden. Kleine Effekte bleiben allerdings auch bei einer Erhéhung

der Fallzahl unbeobachtbar. Kleine, aber inhaltlich bedeutsame Unterschiede konnen also
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nur gemessen werden, wenn das Rauschen in den Daten mdglichst gering ist. In Kapitel 3
wird der positive Einfluss aufgezeigt, den VAS im Vergleich zu Kategorialskalen auf den zu-

falligen Messfehler haben.

Vor allem bei groflen Untersuchungen spielen finanzielle Erwagungen bei der Fragebogen-
gestaltung eine wichtige Rolle. Bei Papierfragebdgen bedeutet die Dateneingabe bei VAS
einen erheblichen Mehraufwand im Vergleich zu Kategorialskalen, da die exakte Position
jeder Antwortmarkierung aufwandig ausgelesen werden muss (siehe Funke, 2004). Dieser
Nachteil entfallt bei computerisierten Untersuchungen aber vollstdndig, da das Auslesen
schnell und fehlerfrei geschieht. Doch selbst bei der Forschung im Web werden VAS kaum
genutzt. Dies mag darin begriindet sein, dass sich VAS nicht mit HTML, der grundlegenden
Technik bei der Entwicklung von Fragebodgen, erzeugen lassen. Auch in professioneller Um-
frage- und Testsoftware sind VAS kaum verbreitet, sodass das Einbinden von VAS in Onli-
nestudien haufig mit einem erheblichen Mehraufwand verbunden ist. Mit dem in Kapitel 1
vorgestellten VAS Generator kann diese technische Hirde problemlos genommen werden,

sodass VAS auch ohne spezielle Kenntnisse in Onlinebefragungen genutzt werden kénnen.

Problematisch ist der Einsatz von VAS lediglich dann, wenn Daten aus unterschiedlichen
Studien mdglichst gut vergleichbar sein sollen. Wie oben bereits beschrieben, kénnen Ant-
wortskalen das Antwortverhalten stark beeinflussen. Um eine gré3tmdgliche Vergleichbarkeit
von Ergebnissen — entweder im Langschnitt oder zwischen unabhangigen Untersuchungen —
gewahrleisten zu kénnen, sollten daher Anderungen des Messinstruments vermieden wer-
den. Fur die Entwicklung neuer Messinstrumente sollte aber die bestmdgliche Antwortskala
genutzt werden. Ob es sich dabei um eine Kategorialskala mit einer bestimmten Anzahl von
Antwortoptionen oder um eine VAS handelt, hangt auch von den konkreten Zielsetzungen
einer Studie ab. Grundsatzlich ist immer dann zu VAS zu raten, wenn kontinuierliche latente

Variablen gemessen werden sollen.

Die oben genannten Punkte bieten eine Erklarung daflr, warum vor allem im medizinischen
Bereich mit VAS gearbeitet wird. So werden medizinische Untersuchungen haufig an relativ
kleinen Stichproben durchgefiihrt und gerade bei kontinuierlichen, subjektiven Phanomenen
wie Schmerz sind bereits kleinste Veranderungen flr Betroffene von grofRer Bedeutung. Da-
zu kommt, dass im Vergleich zu den Kosten flr die Entwicklung einer neuen Therapie der
erhdhte Aufwand fir das Auslesen von VAS nicht ins Gewicht fallt. Letztlich werden VAS
auch aus einer gewissen Fachkultur heraus genutzt und um verschiedene Studien mdglichst

gut miteinander vergleichen zu kénnen.
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ii.ii Zielsetzung

In der vorliegenden Arbeit wurde geprift, ob die allgemeine Zurickhaltung in der Anwendung
aulerhalb der Medizin trotz der zahlreichen fur die Nutzung von VAS sprechenden Grinde
gerechtfertigt ist. Das Hauptanliegen dieser Dissertation ist, einen Beitrag dazu zu leisten,
die erhebliche Forschungslicke zu webbasierten VAS zu schlieen. Die Ergebnisse der vor-
gestellten Untersuchungen sollen Forschern die Entscheidung fur oder gegen den Einsatz

von VAS in computergestutzten Untersuchungen erleichtern.

In finf Kapiteln wird das Potenzial graphischer Antwortskalen — vor allem von VAS — unter-
sucht. In Kapitel 1 (Funke & Reips, 2007) werden die Grundlagen und Moglichkeiten von
Messungen im Web dargestellt. Anhand relevanter Befunde aus der umfragemethodologi-
schen Literatur wird aufgezeigt, welchen Einfluss unterschiedliche Antwortskalen (u. a. Kate-
gorialskalen, VAS und Sliderskalen) auf die gegebenen Antworten haben kénnen. In Kapitel
2 (Reips & Funke, 2008) wird der VAS Generator vorgestellt, mit dem sich online kostenfrei
VAS erstellen lassen. In Ubereinstimmung mit den theoretischen Annahmen ihrer Messei-
genschaften wird gezeigt, dass mit VAS erhobene Daten als intervallskaliert behandelt wer-
den koénnen. In Kapitel 3 (Funke & Reips, 2010a) wird zunachst eine Simulationsstudie dar-
gestellt, die den Einfluss der Anzahl der Antwortmdglichkeiten bei Kategorialskalen auf den
Messfehler untersucht. In zwei empirischen Folgeuntersuchungen wird wie vorhergesagt
beobachtet, dass VAS das Rauschen in den Daten verringern und einen praktisch bedeut-
samen positiven Effekt auf die Datenglte haben. Kapitel 4 (Funke & Reips, 2010b) hat eine
Untersuchung zum Thema, die zeigt, dass sich Messungen mit semantischen Differentiale
durch die Nutzung von VAS optimieren lassen. Zum Abschluss werden in Kapitel 5 (Funke,
Reips, & Thomas, in press) schwerpunktmalig Sliderskalen untersucht. Dabei handelt es
sich um einen Skalentyp, der VAS zwar aul3erlich dhnelt (zur Abgrenzung siehe Kapitel 1),
sich aber in wichtigen Charakteristika — wie Datenqualitat und Art der Nutzung — substantiell
von ihnen unterscheidet. Sliderskalen erwiesen sich in dem vorgestellten Webexperiment als
ein problematisches Messinstrument, da vor allem Untersuchungsteilnehmer mit einer gerin-

gen formalen Bildung verstarkt Probleme mit deren Nutzung haben.
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ii.iii.i Kapitel 1: Web-based measurement and rating scales

Findet Forschung nicht in einem abgeschlossenen und gut kontrollierbaren System wie ei-
nem Labor statt, sondern in einem offenen und schwer kontrollierbaren Raum wie dem Inter-
net, tun sich neben neuen Méglichkeiten auch neue Probleme auf. In diesem Kapitel (basie-
rend auf Funke & Reips, 2007) wird grundlegend in das Thema Onlineforschung eingefiihrt
und eine Ubersicht (iber die Méglichkeiten und Fallstricke Internet-basierter Forschung ge-

geben.

Vor allem technische Variablen und die damit verbundene Gefahr der Antwortverzerrung
(siehe Buchanan & Reips, 2001) sind online von Bedeutung. Wahrend sich im Labor vor Ort
die technische Funktion einer am Computer durchgefiihrten Studie relativ einfach sicherstel-
len lasst, kann bei online durchgefiihrten Studien die technische Varianz seitens der Unter-
suchungsteilnehmer zu Problemen fiuhren. So kénnen Software wie der Webbrowser und
Hardware wie der Bildschirm die Darstellung und Funktionalitat eines Onlinefragebogens be-
eintrachtigen und einen Einfluss auf Teilnahmebereitschaft und Datenglite haben (siehe
Dillman et al., 2009; Reips, 2002b, 2002c; Schmidt, 2007). Wahrend negative Effekte (wie
Teilnahmeabbriiche und Antwortverzerrungen) bei sorglos gestalteten Untersuchungen fast
schon zwangslaufig sind, bieten methodisch sauber umgesetzte Designs einen Mehrwert im
Vergleich zu im Labor durchgefiihrten Studien. Zu den besonderen Mdéglichkeiten zahlt, in
kurzer Zeit — wie bereits oben angesprochen — Studien mit einer groRen Anzahl geogra-
phisch weit von einander entfernter Untersuchungsteilnehmer durchzuflihren und vor allem
die Anreicherung von Untersuchungsergebnissen mit nicht-reaktiv erhobenen Prozessdaten

wie beispielsweise Reaktionszeiten.

Forscher, die ihr Labor auf das Internet ausdehnen mdchten, missen sich zwangslaufig
auch mit technischen Belangen beschéaftigen, um die Vorteile der Onlineforschung nutzen
und die Nachteile vermeiden zu kénnen. Dabei sollte bereits in der Entwicklung eines Unter-
suchungsdesigns beachtet werden, welche Mdglichkeiten und welche potentiellen Fehler-
quellen mit welcher technischen Umsetzung verbunden sind. Es gilt, zwischen allgemeinen
Effekten und Moglichkeiten (z. B. FilterfiUhrung, Personalisierung, Randomisierung) compu-
tergestltzter Fragebdgen und der speziellen Situation bei Onlinebefragungen (z. B. Nutzung
von Prozessdaten, Minimierung technischer Varianz) zu unterscheiden. Forschung im Inter-
net kann nur dann erfolgreich sein, wenn sich das vorhandene methodologische Wissen in

einem adaquaten Forschungsdesign widerspiegelt. Die hier zusammengetragenen Befunde
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der Umfrageliteratur zeigen deutlich, dass der unreflektierte Gebrauch technischer Méglich-
keiten ein groRes Risikopotenzial birgt und es bei Untersuchungen im Web sinnvoll ist, robu-
ste Lowtechverfahren — bei denen die technischen Anforderungen an den Computer des

Teilnehmers so gering wie mdglich sind — zu wahlen (siehe auch Schwarz & Reips, 2001).

ii.iii.ii Kapitel 2: Interval-level measurement with visual analogue scales in In-

ternet-based research: VAS Generator

In Kapitel 2 (Reips & Funke, 2008) wird der kostenfreie Webservice VAS Generator
(http://vasgenerator.net) vorgestellt, der im Rahmen dieser Dissertation erstellt wurde und im
August 2006 online ging. Mit VAS Generator (siehe Abbildung 2.2, Seite 50) lassen sich in
funf Schritten VAS fir die browserbasierte Forschung erstellen. Es kénnen Lange, Breite und
Farbe von VAS, des genutzten Markers sowie die Endanker variiert werden. Nach einem
Test der individuell erstellten Antwortskala lassen sich alle bendtigten Dateien herunterladen
und fur die Forschung im Web oder im lokalen Labor nutzen. Die Website wird rege genutzt
und wurde insgesamt bereits tiber 17 000-mal besucht™, allein im ersten Halbjahr 2010 iber
5 000-mal (siehe Abbildung ii.ii).
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Abbildung ii.ii. Kumulierte Anzahl der Besuche auf http://vasgenerator.net zwischen dem 1. Halbjahr
(Hj.) 2007 und dem 1. Halbjahr 2010.

"Als ein Besuch (unique visit) werden alle Zugriffe mit derselben IP-Adresse und Browserkennung

gewertet, zwischen denen mehr als 30 Minuten liegen.
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Um den Einfluss der mit VAS Generator erstellten Antwortskalen auf die Datenglte zu te-
sten, wurde ein Webexperiment durchgefihrt. In einen 2 x 3 Design wurde die Prazision
gemessen, mit der Untersuchungsteilnehmer 13 vorgegebene Prozentwerte oder Bruchzah-
len auf mit VAS Generator erstellten Skalen platzierten. Als zweiter Faktor wurde die Lange
der VAS manipuliert (50 Pixel, 200 Pixel oder 800 Pixel), um zu testen, wie robust Messun-

gen mit VAS bei Darstellungsunterschieden aufgrund technischer Varianz sind.

Der Hauptbefund des geschilderten Experiments ist, dass mental gut reprasentierte Werte
wie Zahlen mit groRer Prazision (die mittlere Abweichung lag bei drei Prozentpunkten) auf
VAS verorten werden kénnen. Selbst bei ausgesprochen kurzen und langen VAS entspra-
chen gleichgroRe numerische Intervalle gleichgroRen Abschnitten auf der VAS. Dies ist ein
deutlicher Beleg daflr, dass mit VAS erhobene Daten aquidistant sind und intervallskaliert
behandelt werden kdénnen (siehe auch Hofmann & Theuns, 2008; Myles, Troedel, Boquest, &
Reeves, 1999; Myles & Urquhart, 2005). Somit sind die testtheoretischen Voraussetzungen

fur die Anwendung einer gro3en Zahl statistischer Verfahren gegeben.

ii.iii.iii Kapitel 3: Lowering measurement error with visual analogue scales

In diesem Kapitel (Funke & Reips, 2010a) wird untersucht, in welchem Ausmaf® VAS und
verschiedene Kategorialskalen den Messfehler beeinflussen (zum Konzept des Total Survey
Error siehe Groves et al., 2004). Im Zentrum der durchgefiihrten Untersuchungen steht der
Formatierungsfehler, der vor allem dann auftritt, wenn kontinuierliche Variablen mit Kategori-
alskalen gemessen werden. Der Formatierungsfehler ist die Abweichung zwischen dem
Wert, der auf einer Antwortskala berichtet wird, und dem tatsachlich zutreffenden Wert (siehe
Schwarz & Oyserman, 2001). Abbildung ii.iii illustriert die Entstehung dieser Fehlerquelle. Bei
diskreten Ratingsskalen hangt der Formatierungsfehler eng mit der Anzahl der Antwortoptio-

nen zusammen.
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Bei der Planung einer Untersuchung mit Kategorialskalen stellt sich dem Forscher die Frage,
wie viele Antwortoptionen den Untersuchungsteilnehmern (beispielsweise fir die Bewertung
eines Items in einem Persoénlichkeitstest) zur Verfigung gestellt werden. Fir oder gegen ei-
ne gewisse (gerade oder ungerade) Anzahl von Antwortmdglichkeiten sprechen neben der
Art des Items (unipolar versus bipolar) und der (individuell und nach Item unterschiedlichen)
Diskriminationsfahigkeit der Befragten auch messtheoretische Uberlegungen eine Rolle.
Daruber hinaus hat die Anzahl der Antwortkategorien auch einen Einfluss auf die Reliabilitat

und Validitdt von Messungen (siehe Lozano, Garcia-Cueto, & Mudiz, 2008).

Um die Wahl fur eine Antwortskala anhand des damit verbundenen Messfehlers treffen zu
kénnen, wurden drei unabhangige Untersuchungen durchgefihrt. In Studie 1, einer grundle-
genden Simulationsstudie, wurde der erwartete Formatierungsfehler sowohl bei Einzelmes-
sungen, als auch bei Aggregatdaten bei VAS und bei Kategorialskalen mit einer unterschied-
lichen Anzahl von Antwortméglichkeiten berechnet. Neben dem — wenig erstaunlichen — Be-
fund, dass der Formatierungsfehler bei einer Einzelmessung mit steigender Kategorienan-
zahl geringer wird, ermdglicht die Studie eine Quantifizierung des minimal zu erwartenden
Formatierungsfehlers. Hauptbefund bei der Analyse aggregierter Daten ist, dass es eine In-
teraktion zwischen der Verteilung der tatsachlichen Werte und der Anzahl der Antwortkate-
gorien gibt. Eine gréliere Anzahl von Antwortkategorien fihrt also nicht in jedem Fall zu einer
Verringerung des Formatierungsfehlers. In den Studien 2 und 3 wurde der theoretisch herge-
leitete positive Einfluss von VAS auf die Datenglite empirisch bestatigt. Der skalenbedingte
Formatierungsfehler (operationalisiert durch den Standardfehler des Mittelwerts) ist mit VAS
im Vergleich zu 5- und 7-stufigen Antwortskalen geringer. Erst beim Vergleich mit 9-stufigen
Skalen lieR sich kein Effekt mehr beobachten.

Die aus dieser Untersuchung resultierende Empfehlung lautet eindeutig, VAS als Antwort-
skala zu nutzen, da sie zu geringeren Messfehlern flhren. Zum einen bedeutet ein
geringerer Messfehler, dass bereits sehr kleine Effekte gemessen werden kénnen, die an-
sonsten im Rauschen der Daten untergehen wirden. Zum anderen lassen sich gréliere Ef-
fekte bereits mit einer geringeren Anzahl von Untersuchungsteilnehmern messen, was die
Untersuchungskosten verringert. Nur falls methodische Argumente wie das Lowtechprinzip
gegen den Einsatz von VAS sprechen oder die fiir die Darstellung von VAS erforderliche
Technik bei einem Teil der Befragten nicht verfligbar ist, sollte auf Kategorialskalen zuriick-

gegriffen werden.
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ii.iii.iv Kapitel 4: Semantic differentials made of visual analogue scales

Ein spezielles Einsatzgebiet fur VAS wird in Kapitel 4 untersucht (Funke & Reips, 2010b).
Bei semantischen Differentialen werden verschiedene Dimensionen ein und derselben Va-
riable gleichzeitig und in Relation zu einander erhoben (siehe Osgood, 1952; Osgood, Suci,
& Tannenbaum, 1957). VAS scheinen als Antwortskala in semantischen Differentialen be-
sonders gut geeignet zu sein, da mit diesem Skalentyp feine Unterschiede zwischen den
einzelnen Dimensionen kommuniziert und somit ein stimmiges Gesamtbild gezeichnet wer-
den kann. Im Gegensatz dazu ist die Kombination von semantischen Differentialen und Ka-
tegorialskalen deutlich problematischer. Abbildung ii.iv zeigt semantische Differentiale mit
VAS und mit Kategorialskalen. Das Abgeben eines konsistenten Urteils hinsichtlich aller Di-
mensionen wird bei Kategorialskalen bereits dadurch erschwert, dass unvermeidlich das
Problem geteilter Range auftritt, wenn die Anzahl der zu bewertenden Dimensionen die An-
zahl der Antwortmdglichkeiten Uberschreitet. Daraus resultiert das Artefakt, dass einzelne
Dimensionen als gleichwertig angegeben werden, obwohl tatsachlich Unterschiede in ihrer

Wertigkeit vorliegen.

A modern X zeitlos
einfach x verspielt
warm x kiihl
B modern @ ® E B ° zeitlos
einfach ° ® ° B B verspielt
warm ® kiihl

Abbildung ii.iv. Semantisches Differential mit VAS (A) und Kategorialskala (B).

Wahrend des vierten im Rahmen dieser Arbeit durchgefihrten Webexperiments
beantworteten Untersuchungsteilnehmer semantische Differentiale, die entweder aus 5-
stufigen Kategorialskalen oder aus VAS bestanden. Als Resultat ergaben sich deutliche Un-
terschiede im Antwortverhalten. Bei gleicher Antwortdauer korrigierten die Befragten ihre Ur-
teile mit VAS haufiger, als mit Kategorialskalen. Die Analyse der gegebenen Antworten, der
Haufigkeit der Antwortkorrektur und der Antwortdauer zeigt, dass mit VAS die Prazision des
Urteils im Vergleich zu Kategorialskalen maximiert wird. Insgesamt betrachtet erscheint es
sehr sinnvoll, bei semantischen Differentialen VAS anstelle von Kategorialskalen als Ant-
wortskalen einzusetzen, da mit VAS ein konsistenteres Urteil hinsichtlich aller erfragten

Aspekte gegeben werden kann.
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racts with educational level

Im abschlieRenden Teil der vorliegenden Arbeit werden nicht VAS sondern Sliderskalen un-
tersucht (Funke, Reips, & Thomas, in press). Auf den ersten Blick handelt es sich um VAS
sehr dhnliche graphische Antwortskalen (siehe Abbildung ii.v). Sliderskalen sind im Vergleich
zu den kontinuierlichen VAS aber diskrete Messinstrumente, bei denen lediglich eine geringe
Anzahl von Antwortmdglichkeiten zur Auswahl steht. In der Art der Benutzung liegt ein weite-
rer wichtiger Unterschied. Urteile werden bei Sliderskalen mit einem Schieberegels abgege-
ben, der angeklickt und verschoben werden muss, was ein gréReres Mal® an Hand-Auge-
Koordination erfordert. In der vorgestellten Studie wurden zwei Faktoren experimentell mani-
puliert, die Antwortskala (Sliderskala oder Kategorialskala) und die (horizontale oder vertika-

le) Ausrichtung der Skala auf dem Bildschirm.

I unzutreffend

zutreffend | t J

Abbildung ii.v. Sliderskala mit Schieberegeler in mittlerer Position.

Hauptbefund des Webexperimentes ist, dass die hohen technischen Anforderungen von Sli-
derskalen nicht nur dazu fiihren, dass die Abbruchquote generell steigt, sondern dass es ei-
nen starken Zusammenhang zwischen der formalen Bildung der Befragten und dem Auftre-
ten von Problemen mit Sliderskalen gibt. Personen mit geringer Schulbildung brachen die
Teilnahme an der Untersuchung haufiger ab, da sie offensichtlich mit Sliderskalen tUberfor-
dert waren. Dieser selektive Abbruch kann ernsthafte Antwortverzerrungen zur Folge haben
(siehe Buchanan & Reips, 2001). Darliber hinaus erweisen sich die getesteten Sliderskalen

als ausgesprochen negativ hinsichtlich der Antwortverteilung und der Antwortdauer.

Beim Experimentalfaktor Drehung der Antwortskala wurde bei keiner der beiden Ratingska-
len ein bedeutsamer Effekt hinsichtlich zentraler Tendenz, Abbruchquote und Verteilung der
Werte beobachtet. Insgesamt sind dies Indizien dafiir, dass Anderungen in der Ausrichtung
von Antwortskalen als Designelement genutzt werden kénnen. Ein mdglicher Anwendungs-
bereich ist das (automatische) Anpassen der Antwortskala an das Format des vorhandenen
Bildschirms. Dies kann vor allem bei mobilen Onlinebefragungen, bei denen das Endgerat
zum Beispiel ein Mobiltelefon (deren Display meist hochformatig) ist, hilfreich sein, da somit
alle Antwortmoglichkeiten direkt sichtbar sind (siehe Couper, Tourangeau, Conrad, & Craw-
ford, 2004).
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Insgesamt bestatigt sich in dieser Untersuchung, dass Antwortskalen im Allgemeinen so ein-
fach wie mdglich gestaltet werden sollten (siehe auch Buchanan & Reips, 2001; Reips,
2002c). Sliderskalen erweisen sich im Vergleich zu Kategorialskalen als unvorteilhaft, da ihre
Nutzung mit erhohten kognitiven Anstrengungen verbunden ist. Zusatzliche Probleme sind
mit dem Schieberegler verbunden. Seine Ausgangsposition (z. B. in der Mitte der Skala)
kann sowohl die Identifizierung von Antwortverweigerung erschweren, als auch zu Ankeref-
fekten und somit zu Antwortverzerrung flihren. Ein Vergleich zwischen VAS, Kategorialska-
len und Sliderskalen hat zudem gezeigt, dass Sliderskalen und Kategorialskalen zu sehr
ahnlichen Daten fuhren, die beide deutlich von mit VAS erhobenen Daten abweichen (vgl.
Funke & Reips, 2008, siehe auch Appendix B). Es ist also nicht ausreichend, einfach eine
Linie hinter eine diskrete Antwortskala zu zeichnen, wie es bei Sliderskalen der Fall ist. Die
Messung kontinuierlicher latenter Variablen bedarf auch eines angemessenen, kontinuierli-

chen Messinstruments.

ii.iv Schlussfolgerungen

Zusammenfassend wird aus den vorgestellten Studien zu VAS und Sliderskalen deutlich,
dass Antwortskalen einen bedeutenden Einfluss auf die Quantitdt und Qualitat online erho-
bener Daten haben kdnnen, auch wenn Antwortskalen nur einen gewissen Teil des Mess-
prozesses beeinflussen (siehe Schwarz & Oyserman, 2001; Groves et al., 2009). Mit einem
auf anderen Ebenen — zum Beispiel bei der Frageformulierung oder der graphischen Gestal-
tung — schlecht entwickelten Fragebogen kénnen auch mit der besten Antwortskala keine
validen Daten erhoben werden. Eine Skala mit schlechten Messeigenschaften kann aller-
dings selbst bei einer ansonsten wohldurchdachten Untersuchung die Datenqualitat deutlich
verringern. So sollten Antwortskalen bei der Entwicklung eines Fragebogens sorgfaltig aus-
gewahlt werden und nicht losgeldst von Befragungsinhalt, Befragtencharakteristika und
technischen Moglichkeiten gesehen werden. Insbesondere die in Kapitel 5 dargestellte Un-
tersuchung zu Sliderskalen zeigt, dass ein sorgloser Umgang mit Technik und Antwortskalen
einen desastrosen Einfluss auf die Datenerhebung haben kann. Die Untersuchungen zu VAS
machen jedoch auch deutlich, dass Antwortskalen, die von den etablierten Kategorialskalen
abweichen, durchaus sehr positive Effekte haben kénnen. Wie in den Kapiteln 2 bis 4 darge-
stellt, sind VAS eine auferst wertvolle Erweiterung des Methodenspektrums der Onlinefor-

schung.

Die vorliegende Dissertation hat eine erkenntnistheoretische und eine ethische Dimension.

Zum einen steht in allen Kapiteln mehr oder weniger explizit die Frage zur Disposition, wel-
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chen Einfluss die verwendete Antwortskala auf den Erkenntnisgewinn hat. Um kleine — trotz
ihrer geringen absoluten GréRe inhaltlich bedeutsame — Unterschiede messen zu kdnnen,
muss das Fehlerrauschen in den Daten so weit wie moglich verringert werden. Die Untersu-
chungen zu VAS haben gezeigt, dass die Verringerung des Messfehlers nicht nur eine theo-
retische Eigenschaft der Skala ist, sondern auch eine empirische Entsprechung hat. Somit ist

der Einsatz von VAS in der Onlineforschung dem Erkenntnisgewinn zutraglich.

Psychologische Forschung hangt zu einem groRen Teil von der Kooperation der Untersu-
chungsteilnehmer ab. Es sollte nicht nur aus 6konomischem Kalkil Gewicht auf eine mog-
lichst geringe Teilnehmerzahl gelegt werden. Ein Aspekt ethisch verantwortungsvollen For-
schens besteht darin, der Antwortskala Vorzug zu geben, die die bendétigte Teilnehmerzahl
verringert. Wie die in Kapitel 3 beschriebene Reduzierung des Messfehlers zeigt, kdnnen
VAS dazu einen Betrag leisten und sollten somit auch unter dem Gesichtspunkt guter wis-

senschaftlicher Praxis genutzt werden.

Insgesamt sind die hier vorgestellten methodologischen Untersuchungen aufRerordentlich
vielversprechend. VAS kénnen Messungen mental gut reprasentierter, kontinuierlicher laten-
ter Variablen deutlich verbessern. Die kaum verbreitete Nutzung von VAS in der psychologi-
schen Forschung entbehrt nach den hier gewonnenen Erkenntnissen zumindest bei Unter-
suchungen im Internet jeglicher Grundlage. An hoher Datenqualitat interessierte Forscher

sollten das Potenzial visueller Analogskalen fiir ihre webbasierten Studien ausschoépfen.
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1 Web-Based Measurement and Rating Scales”

1.1 Introduction

The widespread access to the Internet makes the World Wide Web an interesting medium for
many areas of science, especially for psychology. Computer assisted Web interviewing
(CAWI) and other reactive or non-reactive Web-based methods broaden the possibilities for
qualitative and quantitative research. One reason for their increasing popularity is the fast
access to large samples and rare populations (like for instance people suffering from sex-
somnia, see Mangan & Reips, 2007). More and more software and Web services — often
freely available — make it possible even for researchers without technical background to col-
lect data online. Web laboratories and Web sites listing studies facilitate an easy recruitment
of respondents from all over the world (e.g., Reips, 2001; Reips & Lengler, 2005). It is some-
times disregarded, though, that quantity is only one aspect whereas high data quality is the

fundamental basis for valid conclusions.

Internet-based data collection can eliminate some problems of paper-based questionnaires
(e.g., presentation of stimuli that cannot be printed or complex filtering). Some other prob-
lems arise in both modes (like social desirability bias or visual design effects), and there are
also some new challenges (e.g., browser compatibility, data generated by automatic scripts
instead of human respondents, and multiple participation). But most importantly, new oppor-
tunities open up that cannot be realized — or only with considerable effort — in paper and
pencil studies like the availability of very large samples, the use of multimedia stimuli (Fuchs
& Funke, 2007), and truly voluntary participation. Moreover, computerized questionnaires
allow the unobtrusive, non-reactive collection of paradata (see Heerwegh, 2003) like re-
sponse time, which is especially valuable if each item is presented on a separate Web page
(see Reips 2002b).

The design of a study influences both quantity and quality of data (for an overview see Cou-
per, 2008). The two main influences regarding data quality (for an overview see Groves et
al., 2009) are representativeness — the way from the target population to the realized sample

— and the measurement process — the way from the latent construct of interest to the actual

“This chapter is based on:

Funke, F., & Reips, U.-D. (2007). Datenerhebung im Netz: Messmethoden und Skalen [Data collection
on the Web: Methods and rating scales]. In M. Welker & O. Wenzel (Eds.), Online-Forschung 2007:
Grundlagen und Fallstudien (pp. 52—76). KéIn: Halem.
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response. These influences and kinds of error that may harm data quality are basically the
same for paper-based studies and Web-based studies. However, due to the characteristics
of the medium, there are some peculiarities about Web-based questionnaires, measurement

devices, and rating scales that may influence the given answers.

1.2 Technical basics of Web-based research

This section focuses on the technical aspect of Web-based research and on the impact of
technical variance on data quality, and data quantity. In addition, basic methods of Web-
based measurement (i.e. data collection, data storage, and data processing) are summa-
rized, for each of which there are various technical ways of implementation. Most ways of
implementation are equivalent with regard to the possibilities of questionnaire design, even

though special technologies are necessary to realize certain designs.

1.2.1 Technology and variance

In questionnaires (computerized as well as paper-based) visual design may seriously affect
data quality. It is therefore crucial to keep the variance in display of the questionnaire on the
participant’s screen as low as possible. In contrast to studies conducted in a laboratory set-
ting, it is almost impossible in practice to control the exact display in the respondent’s Web
browser. There are three main sources of involuntary differences in display on the respon-

dent’s side: hardware, software in general, and especially the Web browser.

First, it is hardware that determines what respondents exactly see. Screen resolution — the
number of pixels a screen is made of, e.g., 1280 pixels in width by 800 pixels in height — and
the actual size of the viewable area in the browser window determine if a Web page is fully
displayed or if the respondent has to scroll to be able to see and evaluate the complete con-
tent and all stimuli. Also, the physical size of the screen determines the absolute size of the
content. Given the same screen resolution, stimuli are far smaller on a 15" screen than on a
21" screen. Finally, screen and color settings — both influencing brightness and color display
— can introduce additional variance. While the actual screen or window resolution can be
read out automatically (using JavaScript), the size of the screen has to be asked for directly.

The exact display of colors cannot be determined at all.
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Second, the software on the respondent’s computer determines if and how the content of a
Web page is displayed. The correct display of certain elements (e.g., videos or sound files,
special stimuli or rating scales) is only possible if the necessary software and plug-ins (pro-
grams integrated in another piece of software to extent its functionality) are installed and en-
abled.

The third source of variance is the Web browser used for participation in a study. In contrast
to printed questionnaires, the exact appearance of Web questionnaires on the participant’s
screen cannot be determined precisely. There is always variance because of a large number
of browsers (e.g., Internet Explorer, Firefox, Opera, Safari; for an overview see
http://browsers.evolt.org) in different versions. Despite existing standards, some browsers
interpret the HTML source code of a Web page in different ways and apply own style ele-
ments (see Reips, 2002b, 2002c; Schmidt, 2007). Dillman, Smyth, and Christian (2009)
summarize studies suggesting that the resulting visual differences may have a significant
effect on the given answers. Even if utmost caution is exercised and browser detection is
used to eliminate known differences between browsers, there is still variation in display intro-
duced by different Web browsers. The usage of low-tech approaches (Buchanan & Reips,
2001; Reips, 2002c) may resolve some of the compatibility problems. It is advisable, though,
to consider the browser that is used for participation in a study and the available software as

background variables.

1.2.2 Collecting data

The browser window is the visual interface where the respondent and the researcher virtually
meet in cyberspace. The technical basis for sending, retrieving, and saving data by using a
Web browser are interactive forms where all rating scales are embedded, too. The basic way
to structure the content of Web pages is HTML (Hyper Text Markup Language). At present,
however, the possibilities of HTML are basically restricted to static designs — the advent of
HTML 5 will bring about substantial changes. More dynamic elements (e.g., immediate feed-
back), multimedia stimuli (like videos or audio files), demanding tasks (e.g., sorting or ranking
procedures; see Neubarth, 2006), and fancy rating scales require the use of more advanced
technologies. These technologies (e.g., JavaScript or plug-ins like Flash) additionally allow
the unobtrusive collection of process data or paradata like response times, single keystrokes,
mouse clicks or mouse movements. However, to take advantage of these possibilities, the

respective technology has to be available on the respondent’s computer. On the other hand,
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the availability of a certain technology being a prerequisite for participation can also lead to

technology-based dropout.

1.2.3 Storing data

Data entered in a Web questionnaire has to be sent from the respondent’s browser and
saved to make them available for further statistical analyzes (see Reips & Stieger, 2004).

The most common way is to save data on a Web server, either in a log file or in a database.

Storing Data in a Log File. Log files keep records of all page requests on a Web server.
These records include who (respectively which IP address) requested which information
(e.g., a certain Web page or file) at which date and time with which Web browser (and oper-
ating system) from which Web page (the referrer) and if there was no error in the data trans-
fer. Technically, the storage of data in a log file is realized with the HTTP request method
GET. Here, all variable values — plus an unique user ID needed to match data afterwards if
the questionnaire consists of several pages — are added to the URL of the next Web page
(e.g., http://samplesurvey.net/page_2.html?variable_1=2&variable_2=5&id=1234) and saved
in the log file.

One disadvantage with data storage in log files is the fact that log files cannot simply be im-
ported in statistical software packages and that they contain many process data not needed
for statistical data analyzes. So, log files have to be modified and cleared of superfluous en-
tries (e.g., with Scientific LogAnalyzer, part of the iScience Server; http://iscience.eu) to make

them available for analyzes.

Storing Data in a Database. Storing data in a database has essential advantages in
comparison to the use of a log file. First of all, data do not have to be modified before ana-
lyzes and professional statistical software can directly access a database and import data. All
answers are directly stored in a predefined data table. Second, data already given in a sur-
vey — in panel designs one can even use data from previous studies — can easily be used
later in the questionnaire. Thus, conditional filtering, consistency checks, and personalization
can be realized. Technically, the HTTP request method POST is used to save data in a da-
tabase. The transferred data are not appended to the URL, and PHP or similar means of
programming have to be used to process data. PHP is a server-sided technology and works
regardless of the software running on the respondent’s computer. Thus, no additional re-

sources for generating individual and dynamic questionnaires are needed on the participant’s
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computer. A main advantage is that PHP produces plain HTML code that is less prone to er-
ror than other methods. Like all server-sided technologies PHP does not increase the risk of

technology-based dropout.

There are three main disadvantages if databases are used to store information. First, there
can be delays in loading times of Web pages, especially if data from many participants are to
be saved simultaneously (e.g., directly after a large number of participants has been invited
to participate in a study). Secondly, the use of databases requires some expertise, especially
with complex study designs. Thirdly, there may be security issues with sensitive data as in-

formation in databases can be subject to attacks.

1.2.4 Processing data

In computerized questionnaires, page contents do not have to be static as is the case in
printed questionnaires. Data already collected in a study can be used to modify the question-
naire. With dynamic designs, the structure of a study has been fixed in advance but the exact
content that is displayed depends on previously given answers. Examples are filtering (skip-
ping sections or items or branching), randomization of items or response options, personal-
ization (e.g., using previously given information like the respondent’s name), and consistency
checks. Depending on where modifications should be implemented — on the respondent’s

computer or server-sided — there are different possibilities.

Processing Data on the Respondent’s Computer. The participant’s Web browser can
be used to make questionnaires more dynamic. This can be done either by using software
respectively browser plug-ins or by a combination of HTML and software like JavaScript. In
this way, direct, pre-determined interactions between the respondent and the questionnaire —
meaning the researcher — can be realized without having to contact the Web server. The
randomization of items, the measurement of response times using JavaScript, the validation
of certain types of answers (e.g., if numeric answers are within a certain interval) serve as an
example. On the other hand, possibilities are quite limited in comparison to server-sided ap-

proaches.

Processing Data on the Server. The second way to make questionnaires more dynamic
is the use of server-side methods, frequently implemented with PHP. Thus, complex opera-
tions can be performed and pieces of information already available in databases can be used

to generate Web pages. A disadvantage of server-sided data processing is the fact that



1 Web-based measurement and rating scales 46

modifications and feedback can only be realized if the respondent proceeds to the next page.

So, direct feedback and modifications cannot be realized using server-side approaches.

A relatively new development is AJAX (acronym for Asynchronous JavaScript and XML),
which allows retrieving additional information from a Web server without the respondent hav-
ing to submit a page. Thus, rich interactions combining the advantages of server-sided and
browser-based methods can be taken advantage of. For this, however, JavaScript has to be

enabled in the respondent’s browser.

1.2.5 Low-tech paradigm

All elementary functions needed to build Web-based questionnaires can be realized with
static HTML. Many other important extensions, though, can only be realized by using server-
sided solutions like PHP or Pearl. Especially user identification with login code or session
IDs, conditional filtering, randomization to experimental conditions, server-sided measure-
ment of response times, mandatory questions, plausibility checks, and even cookies can

easily be implemented by using a combination of HTML, PHP, and a data base.

To take advantage of some methods — like client-sided measurement of response time, plau-
sibility checks during data entry or some dynamic elements — advanced software is neces-
sary. However, this software may not be available on the respondent’'s computer or may
have been disabled due to privacy or safety concerns. This may lead to questionnaires with
restricted functionality or even not working questionnaires. Technical demands, however,
should not stand in the way of participation. It has to be carefully considered if the promises
of advanced technologies overweigh the advantages of a robust low-tech implementation.
Low technical requirements help keep dropout rates low (Schwarz & Reips, 2001) and pre-

vent technology-caused sampling errors (Buchanan & Reips, 2001).

1.3 Reactive Web-based research and rating scales

There is a large variety of reactive methods for Web-based self-administered questionnaires.
All basic question types and rating scales — open-ended questions, single choice questions,
multiple-choice questions as well as simple visual analogue scales — can be implemented
straightforward with HTML elements alone. Certain rating scales — like slider scales and vis-

ual analogue scales with markers — require the availability of technologies on the respon-
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dent’s computer. Where possible, it should be checked non-reactively in advance which

technologies are available to use low-tech methods where appropriate.

Just as in paper-based questionnaires, the presentation of multiple items on a single page
can lead to context effects with the response to a certain item influencing the answer to the
following. Additional disadvantages are that response times cannot be determined for single
items but only for the whole Web page, nor can the exact point of dropout be determined
(Reips, 2002b, 2002c). Both pieces of information can be helpful to infer on item difficulty.
The presentation of only one item per Web page is therefore recommended (see also Reips,

2002c for further standards of Web-based experimenting).

One important difference to printed questionnaires is that respondents are completely re-
stricted to the options available in the questionnaire form. For instance, it is impossible with
computerized rating scales to check more than one response option with closed-ended rating
scales realized with radio buttons. It is not possible, either, to give a response that is be-
tween the available options or to write further clarifications as can be done on a printed ques-
tionnaire. On the surface, this leads to perfect data sets without irregularities, but in some
cases respondents are deprived of the possibility to communicate important clarifications.
So, problems with the construction of a questionnaire can easily be overlooked, and exten-
sive pretesting of a questionnaire in a laboratory setting should therefore be considered a

standard procedure.

The following sections focus on methodological problems that may arise in connection with
Web-based questionnaires. As seen before, there is a considerable amount of variance in-
troduced by technology. Recommendations for good practice are given wherever possible.
We now take a closer look at nonresponse, which is of great relevance in Web-based re-
search and can be turned into practical use as an indicator for problems with certain items as

well as questionnaire design.

1.3.1 Nonresponse and dropout

When doing research with printed questionnaires that are to be send back by mail, respon-
dents are likely to send only questionnaires where all or at least most items are answered.
Data from respondents who did not complete the questionnaire are not collected, and every
questionnaire not sent back is regarded as unit nonresponse. In Web-based research, data

can be recorded during the process of participation. Especially with multi-page question-
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naires, data are not stored on the last page of the questionnaire but continuously when the
respondent proceeds to the next page. Therefore, data sets from respondents who broke off
participation and responded only partially are available for analyzes, too. As a result, more
(though incomplete) data sets are obtained than with printed questionnaires. Response
rates, dropout rates, item nonresponse, and the point and time of dropout can be used to
help understand the way questionnaires are processed and to assess the quality of a ques-
tionnaire (e.g., by identifying difficult items or technical problems). Analyzes of nonresponse
(see Bosnjak, 2001) is especially important in Web-based research as it can be a major

source of bias.

Two specific groups of respondents providing no meaningful answers are lurkers and click-
throughs. A lurker is someone who goes through the whole questionnaire without answering
a single item. In paper-based questionnaires, this would correspond to a person who sends
back an unanswered questionnaire (which rarely happens). Lurkers can be individuals who
want to go through a questionnaire in advance before answering the items in a second at-
tempt or persons who have already taken part in the study and want to re-read the question-
naire. This type of lurking can only occur in studies with unrestricted access where partici-
pants are not identified (either by a personal login code, by the use of cookies, session IDs or
other software-based or hardware-based identification techniques). But lurkers can also be
persons who have a substantial (academic or professional) interest in the study but who are

reluctant to reveal their personal views.

On the surface, lurking can be avoided by making all items mandatory. But this does not get
to the bottom of the basic motivation of lurking and may lead to reactance and biased esti-
mates (Stieger, Reips, & Voracek, 2007). Furthermore, mandatory items may produce an-
other unwanted type of participant, click-throughs. Click-throughs are participants who pro-
vide meaningless answers to every (mandatory) item. Click-throughs can easily be identified
in computerized data collection by controlling response times. If those times are too short, it
is unlikely that ratings reflect elaborate and meaningful answers. A second way to identify
this type of participant is to look for certain response patterns (like always selecting the same

answer even with contradicting items).

1.3.2 Open-ended questions

The answers to open questions can be collected with text fields — presented in a single line —

and with text areas — that can cover several lines on the screen — for longer texts (see Figure
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1.1). Both types can be restricted to a certain number of viewable characters and to a certain
number of characters that can be entered. The restriction of the number characters to a
maximum is recommended in order to avoid problems with too long texts that may corrupt

the log file or the database where data are stored.

2
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O W >

Text fields can be used for
substantial answers to
open-ended questions.|

Figure 1.1. Assessing open-ended questions with single-figure text field (A), text field for multiple

characters (B), and text area (C).

Aside from practical considerations — if just a numeric value, a specification or extensive in-
formation is asked for — it has to be pointed out that the size of the text field or text area ex-
erts an influence on the reported data. Its size may even influence the measurement of quan-
titative variables like the monthly income (see Fuchs, 2005; Fuchs & Couper, 2001). When
assessing qualitative data in self-reports, the visible size of the text area — even if there are
no restrictions of the number of characters that can be entered — may have an influence on
the number of words as well as on the number of topics mentioned (Christian & Dillman,
2004).

1.3.3 Single choice questions

Closed-ended dichotomous or polytomous items can be asked for by using HTML radio but-
tons (see Figure 1.2) or menus (see Figure 1.3). The basic problem with radio buttons is that
they cannot be de-selected. Birnbaum and Reips (2005) recommend putting an extra radio
button in front of every item, which also points to items that have not been answered. Provid-
ing a response option for explicit nonresponse can have a positive effect on data quality, too
(Joinson, Woodley, & Reips, 2007).

O female
® male

(O do not want to answer

Figure 1.2. Single choice with radio buttons.
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The two types of menus that can be realized with plain HTML are drop-down menus (see
Figure 1.3 A) — where response options are only available after the menu has been clicked
on — or scroll-down menus (see Figure 1.3 B) — where a limited number of response options
is visible in a scrollable area. When using drop-down menus the first option visible should not
be a valid response option but instructions on how to use the scale. Otherwise, nonresponse
cannot be distinguished from the choice of the initial response option (see Reips, 20023;

Birnbaum & Reips, 2005), which may lead to a systematic overestimation of the first answer.

A1 | Click here to select your answer |1 B | dial-up modem [ [
ISDN
DSL A
A2 ' Click here to select your answer |+ | cable X

Click here to select your answer
dial-up modem
ISDN

DSL

cable

other connection to the Internet
don't know

Figure 1.3. Single choice with drop-down menu, after load (A1), display of response options after

menu has been clicked on (A2), and scroll-down menu (B).

When designing response scales for closed-ended questions, the order of presentation and
the visibility have to be considered. Response order effects — primacy effects in the first
place with visual presentation of items (e.g., Krosnick, 1991) — may occur resulting in an
overrepresentation of those response options that were presented earlier. Also, if only a lim-
ited number of response options are visible — like with scroll-down menus or with extensive
options in a drop-down menu — chances are that one of these options is selected at a dispro-

portionally high rate (see Couper, Tourangeau, & Conrad, 2004).

1.3.4 Multiple-choice questions

If more than just one response option can be applicable (e.g., if fields of interest are asked
for), there are two possible ways of implementation that can be realized with plain HTML.
The first possibility is to use a checkbox for each response option that can be selected and
de-selected (see Figure 1.4 A). If a large number of response options is presented, grouping
answers can be helpful and raise the total number of selected items (Smyth, Dillman, Chris-
tian, & Stern, 2004, 2006b). This is an implicit approach where each item that is not checked

is regarded as being non-applicable.
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An unchecked checkbox can be ambiguous, though. It can either mean that the respondent
has chosen not to select it — which would correspond to a no — or that the respondent over-
looked the response option. The second possibility for multiple-choice questions is an explicit
approach with both a yes and a no option offered for each item (see Figure 1.4 B), realized
with HTML radio buttons. The explicit assessment of multiple-choice questions has a positive
influence on the number of selected items (see Smyth, Dillman, Christian, & Stern, 2006a).

Furthermore, cases of item nonresponse can be identified.

A B yes no
1 Vienna 2009 Social Science Computer Review O] O
™ Hamburg 2008 Applied Cognitive Psychology ® ®
™ Leipzig 2007 International Journal of Internet Science @ O

Figure 1.4. Implicit multiple-choice with checkboxes (A) and explicit multiple-choice with radio but-

tons.

1.3.5 Discrete rating scales

Discrete categorical rating scales offer a relatively small number of ordinal response options.
These rating scales can have verbal or numerical labels (see Figure 1.5), or they can be la-
beled with pictures (see Jager, 2004, for a rating scale made of equidistant smileys). But
even ratings on fully anchored rating scales — where every response option is labeled — are
not robust to effects of visual presentation. Horizontal or vertical presentation (see Chapter 5)
or presentation in multiple columns can affect the given ratings (see Smyth et al., 2004). At
any rate, the response options should always be presented at the same distance. Especially
wordy labels can lead to unequal gaps, which can influence the distribution of answers
(Funke & Reips, 2006).

A very neither very
important  important nor unimportant unimportant
$ C) 9 9 $
B 1 2 3 4 5 6 7
B C (O] 8 ( 9 8

Figure 1.5. Fully labeled 5-point rating scale with bipolar verbal anchors (A) and unipolar numeric 7-

point scale (B).
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Matrix Rating Scales. ltem batteries of discrete rating scales can also be presented in the
form of a matrix (see Figure 1.6) where several items are to be rated using the same rating
scale. This form of presentation is space-saving as the labels of the rating scale are only
presented once. However, if very long item lists are presented, matrix questions may be-
come confusing and discouraging (Graf, 1999). In addition, this from of presentation may

lead to undesired context effects.

very somewhat neither somewhat very
important  important nor unimportant unimportant
Salary @) O C ® O
Prestige ® 8 O ®
Working time ® ® ® O 8

Figure 1.6. Matrix rating scale.

Semantic Differentials. If different dimensions of a single construct are to be measured,
semantic differentials (see Figure 1.7) are recommended. Each dimension is evaluated on a
rating scale the ends of which are anchored with opposing descriptors of the respective di-
mension (e.g., exciting and boring for the dimension excitement). All dimensions should be
presented on the same page in order to underline that they are interconnected and respon-
dents are expected to draw a sound picture regarding all dimensions. Any closed-ended rat-
ing-scale can be used with semantic differentials (see Chapter 4 for a comparison of seman-

tic differentials made of 5-point scales versus visual analogue scales).

exciting O ® O O O O O boring
cold r:\ /i\ /:\ /:\ r:\ :‘ /:\ Wa rm
stimulatng © O O O O @® (O caming

Figure 1.7. Semantic differential.

Slider Scales. Slider scales (see Figure 1.8) are graphical rating scales that cannot be re-
alized with standard HTML and have no equivalent in printed questionnaires. Respondents
indicate their response by clicking with the mouse on a movable handle, holding the mouse

button, moving the handle, and releasing the mouse button when the desired position on the

, hot
" important

very | .
important '

s

Figure 1.8. Slider scale.
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scale is reached. In most cases, a slider scale is no continuous measurement device, and
only a limited number of discrete values — mostly labeled with markers — is offered (data from

a Web experiment comparing slider scales to radio button scales are reported in Chapter 5).

Overall, it is doubtful if there are any methodological advantages to be gained from slider
scales. First, there is no low-tech implementation of slider scales, which raises the risk of
dropouts. Then, there is the question of where the slider should be positioned in the first
place. If the handle is positioned somewhere on the scale, item nonresponse cannot be iden-
tified. If the handle is outside the scale, respondents could perceive it as an anchor stimulus
representing typical cases, which might influence their ratings. In addition, the use of sliders
is more demanding than that of other rating scales, which might raise respondent burden, at
least for certain populations (see Funke, Reips, & Thomas, in press). On the other hand,
there are only two potential advantages. First, the use of a second type of discrete rating
scale in a long study could renew the respondent’s attention. Second, with the help of slider
scales a larger number of discrete values could be offered on the same screen area as com-
pared to radio button scales that would take up much more space. However, if one wants to
offer respondents a large number of response options to choose from, the use of visual ana-

logue scales should be considered.

1.3.6 Visual analogue scales

A visual analogue scale (VAS; see Figure 1.9) is commonly made of a plain, horizontal line
where only the ends have verbal, numerical or graphical anchors. Respondents indicate their
answer by placing a mark at some point on the rating scale. In 1921, Hayes and Patterson
described VASs in an academic context for the first time, but similar rating scales made of
horizontal lines may have been used as early as the beginning of the 19" century (see
McReynolds & Ludwig, 1987). With VASs, respondents do not choose between discrete
categories but express their ratings on a continuous scale. VASs are especially recom-
mended if small differences are to be detected in within- or between-subjects designs. VASs
are well known in paper and pencil based research (especially in the medical sector), but
there are only few studies that deal with VASs in computer-mediated research or in Web-

based research (e.g., Gnambs, 2008). Such research is needed, though, as the use of VASs

strongly \/ strongly
agree disagree

Figure 1.9. Visual analogue scale.
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is likely to become much more frequent in the light of the recent development of software that
runs VASs on computers (Marsh-Richard, Shannon, Mathias, Venditti, & Dougherty, 2009)
and on the Web (Reips & Funke, 2008; see also Chapter 2).

With computer technology, resolution of VASs can reach very high levels; in Web-based im-
plementations of VASs, every pixel in length corresponds to a possible data point. Under
technical aspects, VASs generally require more sophisticated methods like JavaScript or
Flash that have to be installed and enabled on the respondent’s computer. For instance,
VASs generated with the free Web service VAS Generator (for a description see Reips &
Funke, 2008) are based on JavaScript. If JavaScript is not available on the respondent’s

computer, a rating scale made of radio buttons is automatically displayed as a substitute.

VASs have the important advantage that very small differences can be detected as meas-
urement error is reduced (see Funke & Reips, 2010a) and that data approximate the level of
an interval scale (Reips & Funke, 2008). Furthermore, there is evidence that test-retest reli-
ability is higher with VASs than with categorical scales (Funke & Reips, 2007a). Couper,
Tourangeau, Conrad, and Singer (2006) observed a negative influence of VASs on comple-
tion rate and response time, but it remains unclear if this is due to the technical implementa-
tion in Java — which is far more demanding than JavaScript — or owed to VASs itself. To
lower technical requirements, there is the possibility to program simple VASs with HTML
means alone. This can be realized, for instance, if every pixel in length is made of a small
graphic file. However, after a click on a simple VAS no persistent marker appears and the
respondent is instantly redirected to the next questionnaire page. The limitations of this low-
tech solution are that ratings cannot be altered, that the lack of visual feedback may raise
task difficulty, and that only one item per page and no semantic differentials can be dis-

played.

In contrast to slider scales — even though there are similarities in appearance — VASs offer
four main advantages: In neutral state — directly after load of the Web page — there is no
marker visible that could unintentionally serve as an anchor, nonresponse can easily be iden-
tified, handling is less demanding, and data are not just ordinal but on the level of an interval

scale.

Overall, VASs constitute a highly appealing rating scale for Web surveys and mode-
independent measurement (see Gerich, 2007). However, some theoretical advantages still

lack robust empirical foundation. More research is needed within diverse populations — espe-
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cially on measurement error and test-retest reliability — as well as research where true values

are known that can be used as benchmarks.

1.4 Conclusion

The general advantages of computerized data assessment (e.g., conditional presentation of
items, branching, filtering, consistency checks, and randomization) can easily be used for
Web-based studies. In contrast to studies conducted in a laboratory setting, Web-based re-
search offers a number of additional advantages like access to large and geographically dis-
tant populations. All rating scales available in printed questionnaires can also be imple-
mented in Web-based questionnaires, in most cases even by low-tech means. Furthermore,
additional paradata (e.g., response times) can be made available at no costs which can be
used to infer on cognitive processes, to identify respondents that are not serious and to esti-
mate data quality. Even data from incomplete questionnaires can be used to improve ques-

tionnaires.

Technology — that has to be mastered by the research as well as by the respondent — can
matter, though, and it may have a major influence on the process of data collection. Espe-
cially if the respondent’s Web browser does not meet technical demands, this can result in
dropout biasing estimates. Tempting new possibilities of data collection like dynamic ele-
ments or demanding new rating scales should only be used after careful and extensive pre-
testing as even small changes in rating scales may affect ratings. Regarding the technical
implementation of a study, responsible researchers should carefully consider if the potential
advantages of new methods outweigh the risk that are likely to occur if the low-tech paradigm

is disregarded. Not everything that can be done should be done.

Overall, Web-based methods are a valuable contribution to already existing research meth-
ods provided that methodological knowledge is taken into account and questionnaires are
carefully designed. Especially complex experimental designs with rich stimuli can easily be
realized. In combination with access to large and diverse populations, Web-based research

opens up a multitude of new possibilities for psychological research.
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2 Interval-Level Measurement with Visual Analogue Scales in

Internet-Based Research: VAS Generator”

The present article describes VAS Generator (www.vasgenerator.net), a free Web service for
creating a wide range of visual analogue scales that can be used as measurement devices in
Web surveys and Web experimentation, as well as for local computerized assessment. A
step-by-step example for creating and implementing a visual analogue scale with visual
feedback is given. VAS Generator and the scales it generates work independently of plat-
forms and use the underlying languages HTML and JavaScript. Results from a validation
study with 355 participants are reported and show that the scales generated with VAS Gen-
erator approximate an interval-scale level. In light of previous research on visual analogue
versus categorical (e.g., radio button) scales in Internet- based research, we conclude that
categorical scales only reach ordinal-scale level, and thus visual analogue scales are to be

preferred whenever possible.

2.1 Introduction

Internet-based research has become a new procedural option in psychology and related sci-
ences, and many researchers are looking for tools, methodologies, and services that support
this type of research. If such tools for Internet-based research are offered for use via the
Web (not via download and install), they are called Web services. Such Web services are

available wherever there is an Internet connection and a Web browser.

Web services for Internet-based research include collections of Web studies for recruitment
and archiving (e.g., the “Psychological Research on the Net” list by John Krantz, and the
“Web Experiment List” at genpsylab-wexlist .unizh.ch/; Reips & Lengler, 2005), tools for Web
surveying (e.g., surveymonkey.com or surveyWiz; see Birnbaum, 2000b), Web experiment
generators (e.g., WEXTOR at wextor.org; see Reips & Neuhaus, 2002), Internet-based tests
for inclusion in studies (e.g., b5 at iscience.eu), Web log analysis tools (e.g., Scientific LogA-
nalyzer; Reips & Stieger, 2004), and portals that link to all related services (e.g., the iScience

server at iscience.eu).

>'This chapter is based on a presentation given at the 36" Annual Meeting of the Society for Comput-
ers in Psychology, Houston, TX, on November 16, 2006. It has been published as:

Reips, U.-D., & Funke, F. (2008). Interval-level measurement with visual analogue scales in Internet-
based research: VAS Generator. Behavior Research Methods, 40, 699—704.
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The present article describes a first example of a new set of tools that can be termed Web
measurement device generators. VAS Generator (www.vasgenerator.net) is a free Web
service for creating a wide range of visual analogue scales that can be used as measure-
ment devices in Web surveying and Web experimentation, and also for local computerized
assessment. VAS Generator and the scales it generates are platform-independent, meaning
that the scales can be created from and used on all types and versions of operating systems
with Web browsers that support the underlying universal languages of HTML and JavaScript.
The resulting scales can easily be added to surveys and experiments generated with other
Web services, such as surveyWiz (Birnbaum, 2000b) and WEXTOR (Reips & Neuhaus,
2002).

2.2 Visual analogue scales

Visual analogue (or analog) scales (VASs) are continuous measurement devices (see, e.g.,
Flynn, van Schaik, & van Wersch, 2004). In 1921, VASs were described for the first time
(Hayes & Patterson, 1921). However, this type of scale was not seriously examined before
1969 (Aitken, 1969). In some respects, Aitken’s basic findings are still state of the art, since —
unlike on other measuring instruments — little research has been conducted on this type of
scale (for an overview, see Flynn et al., 2004). Practical concerns are the major reason for
this lack of research. In paper-based VASs, a lot of time and effort are required for reading
the data: The exact position of each marking has to be determined by hand. Of course, the
situation changed considerably with computerization. With the rise of Internet-based re-
search, VASs have become a measurement device that could be used widely without practi-
cal drawbacks (Couper, Tourangeau, Conrad, & Singer, 2006; Funke & Reips, 2006). The
wider use of VASs may even solve some issues related to data quality with other online
measurement devices (Funke & Reips, 2006; Reips, 2002a; Smyth, Dillman, Christian, &
Stern, 2006).

good 6 bad

continue

Figure 2.1. A visual analogue scale generated with VAS Generator.

A VAS consists of a line and two anchors, one at each end. The anchors often consist of

verbal materials that mark opposite ends of a semantic dimension (e.g., good and bad).
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However, the anchors may also be pictures, or even sound files. Visual anchors, such as
smileys, are also often used with participants who may not fully grasp the meaning of verbal
materials—for example, with preschool children. See Figure 2.1 for an example VAS gener-
ated with VAS Generator.

In general, VASs are considered a reliable instrument for valid measurements. However, re-
cent research has mostly been limited to comparisons between VASs and categorical scales
(Likert-type questions) in a paper-andpencil environment. The majority of studies have been
conducted in the medical sector, in which reliable detection of small changes in status is ap-
preciated a lot, especially in the fields of pain and fatigue research (e.g., Bellamy, Campbell,
& Syrotuik, 1999; Brunier & Graydon, 1996). A notable exception, conducted by Gerich
(2007), compared VASs and 5-point categorical self-control scales not only in a paper-and-

pencil format, but also with computerassisted self-administered interviews.

VASs provide researchers with a number of advantages. In comparison with discrete scales,
measurement by a VAS is more exact, and the scale needs less explanation for the research
participants (e.g., smiley-face scales in studies with children). In a previous study, we were
able to show that online radio button scales do not show linear correspondence to VASs
(Funke & Reips, 2006). In that study, two experiments were conducted, comparing categori-
cal scales of 4, 5, 7, 8, and 9 points with a VAS of medium length (200 pixels). The study
presented here further investigated whether the VAS format diverges from the interval level
and whether the length of a VAS may be a boundary condition for such an effect. First, we

describe VAS Generator.

2.3 Creating and implementing a scale with VAS Generator

Just five steps are required to generate an individual VAS for use on a Web page. In a sim-
ple HTML form available at www.vasgenerator.net (see Figure 2.2), the researcher modifies
the essential graphical parameters (length, color, width, and type of marking) and the verbal

anchors. Below we explain the five necessary steps.

Step 1: Defining Core Scale Parameters. Several mandatory parameters are set at de-
fault levels and can be adjusted according to one’s needs. These parameters are the length,
anchors, color, and marker. The length of the VAS by default is 200 pixels, a length that will
be displayed fully without problems in most Web browsers and with most currently used

monitor resolutions. The verbal anchors located at each end of the VAS have a preset maxi-
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mum length of 50 characters, but this value can be adjusted when pasting the code to a Web
page. The scale’s color can be changed from black (which is the default value) to white, and
the width from medium (3 pixels) to light (1 pixel) or boldface (5 pixels). The marker that will
appear after clicking on the scale, representing the user’s value, can be modified from a
cross to an arrow, point, or line. Measurement resolution—that is, the number of (discrete)

points to click—can also be adjusted.

VAS Generator

(*) @ white
(*) ®
generate/modify VAS

download basic files (VAS_survey.zip)

go to VAS and download

Figure 2.2. VAS Generator’s main window.

After confirming these parameters by clicking on the “generate/modify VAS” button, a work-

ing preview of the scale is displayed in paragraph 2 on the same Web page.
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Step 2: Testing the Scale Draft. The VAS that has been generated can be clicked on in
order to display the value (i.e., the position of the marking, measured in pixels from the left-

hand side) in a pop-up window.

Figure 2.3 shows a bold, black VAS that is 400 pixels in length. The left end is anchored with
strongly agree and the right with strongly disagree. A cross acts as the indicator of the re-

spondent’s value (here, at 115 pixels).

http:/ /www.vasgenerator.net

WAS value = 115

Figure 2.3. Read out of rating value in feedback window.

Step 3: Downloading the Basic Scale Materials. If the VAS satisfies one’s needs, all
of the basic files required to include the VAS on a Web page (i.e., the JavaScript code and
picture files, with an additional instruction for offline use) can be downloaded as a com-
pressed file in .zip format. Links to free software that can be used for decompressing (“un-
zipping”) the file are provided. All files in the decompressed folder need to be stored in the

same folder as the Web page that will contain the newly generated VAS.

Step 4: Downloading the Customized Scale. The VAS that was customized in the first
two steps can be displayed in a separate browser window by clicking on the “go to VAS and
download” button. The source code for this window is downloaded by simply saving the page
from the browser menu into the folder with the basic files (Step 3) and changing the file ex-
tension from .php to .html. The basic file folder should now contain an HTML document, two
JavaScript files (ending in “js”), and an “images” subfolder containing the picture files
needed for displaying the scale. The JavaScript code for the rating scales was originally de-
veloped by Walter Zorn and Timo Gnambs and is distributed as open source

(timo.gnambs.at/downloads/zip/ratingscales.zip).
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Hence, there are two options: The VAS can either be pasted easily into an existing Web
page or serve as the basis for a new survey. Pasting the VAS into an existing Web page will
likely be the more frequent way of proceeding. Therefore, the related editing procedure in
HTML is described in Step 5 below.

Step 5: Implementing the Scale on a Web Page (Includes the Resulting Code).
To integrate the VAS with an existing project, the source code of the downloaded page
needs to be modified. Only three parameters (printed in capitals in Figure 2.4) have to be
adjusted: The name of the current page (“YOUR_PAGE_TITLE”) that is displayed at the top
of the browser window, the name of the following page (*“YOUR_NEXT_PAGE.html”) and —
this is the most important step if one uses several VASs in one survey — the name of the cur-
rent scale (“THIS_VAS_NAME”").

<IDOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.01 TRANSITIONAL/EN">
<html>
<head>
<title>YOUR_PAGE_TITLE</title>
</head>
<body>
<!-"wz_dragdrop.js" and "ratingscale.js" have to be included immediatly after "<body onload='next_page()>" ->
<script type="text/javascript" src="js/wz_dragdrop.js" title="Dragdrop Bibliothek (c) Walter Zorn"></script>
<script type="text/javascript" src="js/ratingscales.js" title="Ratingscales Addon (c) Timo Gnambs"></script>
<p>
<table align="center" border="0">
<tr>
<td align="center">
<img src="pics/pix.gif">
<script type="text/javascript">
scales.scale(THIS_VAS_NAME! ‘click', 400, ['pics/line20.gif', , 10], ['pics/00.gif, ['strongly agree', 'strongly disagree);
</script>
</td>
</tr>
<tr>
<td align="center">
<input type="submit" value="continue" />
</form>
</td>
</tr>
</table>
</p>
<!--"<script type="text/javascript">scales.init(\value');</script>" has to be immediately before "</body> -->
<script type="text/javascript">scales.init(\value');</script>
</body>
</html>

Figure 2.4. Placement of customized code for one’s particular VAS in an HTML file.
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2.4 Analyzing data from a VAS

Data from the VAS contain the following information: a “name” that was given to this particu-
lar item (in order to separate entries from those related to other items) and a “value” that re-
flects a participant’s rating on the scale. The value is read out automatically, with an accu-
racy of one pixel. This means that the greater the length of a VAS, the more diversified the
range of possible values. In other words, the precision of the rating is only as high as the
length of the VAS permits.

The type of data analysis depends on the method used to collect data on the Web page the
VAS was embedded in. For example, data would be ready for direct download if WEXTOR’s
hosting feature were used. Data could also be written to a database or retrieved from the

server log file, which can be analyzed with Scientific LogAnalyzer (Reips & Stieger, 2004).

2.5 Empirical test of interval level measurement

To examine whether VASs created with VAS Generator produce data on the level of an in-
terval scale in Web studies, we conducted a Web experiment. Furthermore, we were inter-
ested in putting the scales’ robustness to the test by introducing extremely short or long

VASs and by varying the mathematical format (percentages vs. ratios) of the target values.

2.6 Method

2.6.1 Procedure

In a Web experiment, participants were randomized to one of six conditions in a 2 (mathe-
matical format) x 3 (length of VAS) experimental design. The Web experiment consisted of
30 pages per condition. The first page contained an introduction to the Web experiment and
a seriousness check (Reips, 2002b). On the second page, participants were asked their
gender, online experience (since when and frequency), speed of connection, and screen
size. They were instructed to repeatedly identify 13 different values (percentages — e.g.,
20%, 50% — or ratios — e.g., 1/5, 1/2 — depending on the mathematical format condition) in
one of three length conditions: a VAS length of 50, 200, or 800 pixels. The 13 values ranged

from 5% to 95% and were displayed in two reverse orders, AB and BA (see the A and B rows
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in Table 2.1), always with 50% as the first item. We tried to keep a large difference between
consecutive values. The underlying measurement on the VAS ranged from 0 to 100. Before
and after the second block, we asked participants about three usability considerations: accu-

racy, precision, and interest.

Table 2.1
Sample Length Values Displayed to Participants

Percentage Condition
A 50 75 10 33 80 95 25 67 40 5 60 90 20
B 50 20 90 60 5 40 67 25 95 80 33 10 75

Ratio Condition
A 172  3/4 110 1/3 4/519/20 1/4 2/3 2/5 1/20 3/5 9/10 1/5
B 172 1/5 910 3/5 1/20 2/5 2/3 1/419/20 4/5 1/3 1/10 3/4

2.6.2 Participants

The participants were recruited from a student-based online panel at the University of Kassel
that is maintained by the second author. Within 5 weeks, 439 persons took part in our study.
Of the 405 participants (92.3%) who indicated serious participation, 205 were randomly sent
to the percentage condition and 200 to the ratio condition. In the percentage condition, 17
participants (8.3%) dropped out during the study, and 31 (15.5%) dropped out from the ratio
condition. Furthermore, 2 participants in the ratio condition did not provide even a single rat-
ing for 1 of the 13 values. Their data were excluded from analysis, so that 355 data sets (188

in the percentage condition, 167 in the ratio condition) remained for further analyses.

2.7 Results

For each individual, we computed the average ratings for the same values from the A and B

orders.

2.7.1 Outliers

A standard outlier analysis revealed that overall ratings averages by 2 participants in the per-

centage condition and 8 in the ratio condition differed from the pack by more than three in-
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terquartile ranges (extreme outliers). Seven of these 10 cases were from the 50-pixel, 2 from

the 200-pixel, and 1 from the 800-pixel length condition. All extreme outliers were excluded

from further analyses.

2.7.2 Interval-level measurement

For each individual, we computed the average ratings for the same values from the two or-
ders A and B. Overall, the target values matched actual values well (see Figure 2.5). With
two exceptions at the low end and two in the center, the VASs slightly underestimated the
true values. This tendency was a bit stronger for the shortest VAS. Overall, the mean devia-
tion from the target value ranged from 3.94 points for the short VAS to 2.98 for the long VAS,
with 2.77 for the medium VAS (Table 2.2).
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Figure 2.5. Estimated versus true values for VAS Generator VASs of various lengths. All ratings have

been converted to percentages for the purposes of this figure.
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Interval-level measurement implies even differences between values with even distances.
Therefore, we examined whether participants produced the same differences between their
ratings on each portion of the scale. The mean differences for 5-percentage-point intervals
(with SDs in parentheses) were 4.95 (8.30) for the 5%—10% interval, 4.40 (5.54) for the
20%—-25% interval, 5.26 (5.07) for the 75%—-80% interval, and 5.15 (7.48) for the 90%—95%
interval. The mean differences for 10-percentage- point intervals were 8.47 (7.42) for the
10%-20% interval, 12.52 (6.47) for the 40%—50% interval, 10.14 (5.24) for the 50%—-60%
interval, and 8.92 (6.36) for the 80%—-90% interval.

Table 2.2

Mean Differences Between Target Values and Actual Values by VAS Length and Condition

VAS length M N SD

Combined

50 pixels 3.94 125 2.24

200 pixels 2.77 105 1.26

800 pixels 2.98 115 1.91

Total 3.26 345 1.94
Percentage

50 pixels 4.03 64 2.59

200 pixels 2.75 59 1.09

800 pixels 2.73 63 1.18

Total 3.18 186 1.87
Ratio

50 pixels 3.85 61 1.82

200 pixels 2.79 46 1.47

800 pixels 3.28 52 2.50

Total 3.36 159 2.02

2.7.3 Analysis of potential biases when using extreme scales

We computed the differences of the average ratings from the true values. With the overall
averages of these deviations from the true VAS values, we conducted an ANOVA with the
factors mathematical format and length of VAS. The difference between the two format con-
ditions was small (mean deviations: 3.18, SD = 1.87, for percentages, and 3.36, SD = 2.02,
for ratios) and not significant, F(1, 335) < 1, n.s. Length of VAS turned out to have a highly
significant effect, F(2, 335) = 17.76, p < .001, n? = .09, but the interaction was not statistically
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significant, F(2, 335) < 1, n.s. Table 2.2 shows average differences between the actual value

and the average VAS rating by condition.

Planned comparisons were made between the different levels of the length factor. Both main
effect contrasts between the 50-pixel length condition and the other conditions were statisti-
cally significant, F(1, 338) = 30.13, p < .001 (200 pixels), and F(1, 338) = 22.21, p < .001
(800 pixels). No significant difference was found for the 200-pixel versus 800-pixel compari-
son, F(1, 338) = 0.074, n.s.

Technically, if a participant’s value is off by 1 pixel on the 50-pixel VAS, an error of two units
will be recorded, whereas a 1-pixel error is only 0.125 units on the 800-pixel VAS. Therefore,
the larger error in the 50-pixel VAS comes as no surprise and can be explained mostly by
this lack of technical precision. Furthermore, the short VAS may have fostered a tendency to
repeatedly click in the middle of the scale — a behavior that would explain the shape of the

50-pixel curve in Figure 2.5.

As an aside, the large difference in dropouts between the mathematical format conditions
(odds ratio = 1.87) and a four-times-higher rate of extreme outliers indicates that the ratio
condition is more difficult than the percentage condition. It can be assumed that the voluntary
Web mode in most Web experiments is a comparatively good indicator of participants’ moti-
vation to continue with the study (see, e.g., Reips, 2002b, 2002c, 2007). Accordingly, it
seems wise to avoid the ratio format with VASs, because users seem to have less motivation
when using this format, and consequently either may not answer (i.e., drop out when possi-
ble) or may produce lower-quality data if they find the situation less easy to leave and feel
forced to answer, as may often be the case in laboratory studies with an experimenter pre-

sent.

2.8 Conclusion

Because equal numerical intervals corresponded to roughly equal segments on the VASs
and only minor aberrations from true values were found across the scale, even for extremely
short and extremely long VASs, there is strong evidence that data collected with VASs are
equidistant and are on the level of an interval scale. Therefore, a wide range of statistical
procedures can be applied safely when analyzing data measured with VASs that were cre-

ated with VAS Generator. In contrast, because there is a systematic difference between
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equally spaced radio buttons and VASs (Funke & Reips, 2006), we conclude that measure-

ments with radio button scales differ from interval level.

Although the effects were small, we found differences for the different VAS lengths on ratings
of some values. However, we used an extremely long (800-pixel) and an extremely short (50-
pixel) VAS that may have looked highly unusual to most participants. If on a given screen or
printed page, a 50-pixel VAS is about as wide as the word “participant” on this page, then an
800-pixel VAS is about as wide as the text on this full page would be high. Given these sizes,
it is surprising how well the participants performed using the 800-pixel scale. This finding im-
plies that measurement with VASs is robust to differences in size due to different screen
sizes and resolutions. Nevertheless, care should be taken in determining a VAS that is well-
suited for all displays used in a study, which most often will be a medium-sized one (150-400

pixels).

Finally, as compared with hand-coding HTML and JavaScript, VAS Generator greatly re-
duces the effort required in generating VASs for Web-based studies. It provides all of the
files needed for the use of VASs and offers preview and pretest functions. Last but not least,
VASs built by means of the VAS Generator can easily be included in existing projects (e.g.,
in Web experiments created with WEXTOR).
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3 Making Small Effects Observable: Reducing Error by Using Visual

Analogue Scales™

This paper focuses on the theoretical and empirical extent of formatting error when measur-
ing continuous variables. In 3 independent studies we confirmed the superior properties of
visual analogue scales (VASs) and show how the common way of using ordinal scales to
measure continuous variables increases error. Data assessed with VASs are affected by
significantly less error leading to more narrow confidence intervals and more power of statis-
tical tests. This facilitates detecting small effect sizes that are unobservable with ordinal
scales. Studies with VASs are accordingly more efficient as effects can be detected with

smaller samples than needed with ordinal scales.

3.1 Introduction

Error is an omnipresent opponent for those in charge of designing high-quality studies. It se-
riously harms data quality, it makes analyses more difficult and it may even lead to wrong
inference. Identifying and eliminating sources of error is a key interest of survey methodolo-
gists. This paper focuses on how visual analogue (or analog) scales (VASs) minimize format-
ting error- i.e. the difference between true value and reported value — in self-administered
questionnaires. Even though there are strong arguments — like high sensitivity and continu-
ous data — for the use of VASs, these scales are seldom used in practice. To investigate fur-
ther beneficial effects of VASs in the process of data collection, we report a systematic simu-
lation and two empirical studies. In Study 1 we use differently distributed simulated data sets
to analyze formatting error arising with VASs and ordinal scales with various numbers of re-
sponse options. In Study 2 we conducted a Web experiment to find out if the hypothesized
formatting error with VASs is indeed lower than with 5-point scales. Finally, in Study 3, we
investigate the predicted relation between the number of response options and formatting
error in an open-access Web experiment where 5-point, 7-point, and 9-point scales are com-
pared to VASs.

*'This chapter is based on presentations given at the third conference of the European Survey Re-
search Association, Warsaw, Poland, June 29—July 3, 2009, and at the 39th annual conference of the
Society for Computers in Psychology (SCiP), Boston, November 19, 2009. You may refer to this chap-
ter as:

Funke, F., & Reips, U.-D. (2010). Making small effects observable: Reducing error by using visual
analogue scales. Manuscript submitted for publication.
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3.1.1 About visual analogue scales

VASs are very simple yet powerful measurement devices for self-administered question-
naires. They are graphical rating scales consisting of a (mostly plain) line with anchors only
at the very ends (see Figure 3.1). Stimuli used as anchors can be of different modality (e.g.
visual or aural), they can be abstract or concrete (e.g. pictures, verbal descriptors, colors).
Respondents indicate the extent of the variable measured (e.g. the consent to an item on an
agree-disagree scale) by placing a mark on the line where answers are not restricted to a
number of discrete response options. VASs are continuous measurement devices allowing
the detection of small differences between subjects and within subjects. In computerized as-
sessment — where dimensions of objects are given in pixels rather than in absolute units like

centimeters — every clickable pixel on the line serves as a possible response option.

never )§ always

s - \
[ continue )

Figure 3.1. VAS, 250 pixels in length for computerized data collection.

Disadvantages and Solutions. One disadvantage of data collection with VASs is that the ex-
act read-out of the given rating in paper-based studies is quite burdensome. The determina-
tion of the exact position of the marker requires a lot of time-consuming and error-prone
manual processing and makes this type of rating scale especially inconvenient for large stud-
ies. This explains why these scales are mostly used in the medical sector where the impor-
tance of sensitive measurement devices outweighs the efforts of read out and where sam-
ples are usually relatively small. A large body of literature illustrates this (Bijur, Silver, & Gal-
lagher, 2001; Myles, Troedel, Boquest, & Reeves, 1999; Seymour, Simpson, Charlton, &
Phillips, 1985). In computerized data collection the automatic read-out of data is fast and ac-
curate. By digitizing VASs these disadvantages become obsolete and the virtue of VASs can

be taken advantage of for other branches of science and for large-scale surveys.

One drawback is that VASs in Web-based studies cannot be realized in plain HTML that can
be interpreted by every Web browser. If certain technologies (like JavaScript, Java or Flash)
are not available in the respondent’s Web browser surveying with VASs is impossible. This
kind of dropout is not considered to be neutral, as technological variables and personality
traits can be confounded (Buchanan & Reips, 2001; Reips, 2007; Schmidt, 2007). There is
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the risk of seriously biasing results if technology is made a prerequisite for participation in a

study.

One convenient way of creating VASs for computerized data collection in the laboratory or in
the Web is the free Web service VAS Generator (http://vasgenerator.net) maintained by the
authors (see Reips & Funke, 2008). The underlying technology required in the respondent’s
browser is JavaScript. If JavaScript is not available, the code automatically displays equally
spaced radio buttons to avoid dropout because of technology. The VAS on a Web page ap-
pears as a plain line between two anchors. To make a rating the cursor is moved on the line.
The mouse (or whatever input device is used) is clicked on and a marker (here: a cross) in-
stantly appears. Ratings can be adjusted as often as wanted by re-clicking the scale but the
marker cannot be slid to a certain position. The final judgment is submitted when the button

leading to the next page is clicked on.

One could argue that VASs can be substituted by using open text questions where values
between 0 and 100 should be entered to express the extent of the latent variable. But this
kind of assessment leads to the well-known effect of heaping or bunching (e.g. Jensen,
Turner, & Romano, 1994; Tourangeau, Rips, & Rasinski, 2000) where an unreasonably high
number of reports are multiples of five or ten. In none of our studies with VASs (e.g. Funke &
Reips, 2006; Reips & Funke, 2008) we observed heaping or bunching. One explanation is
that VASs produce a clear picture of the concept of a continuous variable in the respondent’s
mind. In contrast, the task of providing a number could be too burdensome so that cognitive

shortcuts are used.

Measurement With VASs. In numerous studies it could be shown that mean ratings ob-
tained with VASs do not differ from mean ratings with categorical scales, even in Web-based
research (Couper et al., 2006; Funke & Reips, 2010). Averbuch and Katzper (2004) provided
patients suffering from osteoarthritis pain (N = 98) with 5-point scales (with all options ver-
bally labeled) and VASs (with only the ends verbally labeled) for rating acute pain. For each
of five measurements they found very high correlations, r* > .995. However, the authors
found some inconsistencies in using the scales and a considerably large range of VASs val-
ues associated with each response option. The relation between VASs and ordinal scales is
linear for only about half of the participants. This finding underlines the difficulty of transform-
ing data from VAS to categories on the individual level. Similar results have been reported for
computerized studies (Funke & Reips, 2006; Gerich, 2007). Myles et al. (1999) and Myles
and Urquhart (2005) found that VASs produce interval data. Hofmans and Theuns (2008)

summarize that “WASs can be considered as linear scales and that the type of end anchors
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used has no effect on the linearity of the VAS data” (p. 401). In a Web experiment Reips and
Funke (2008) found that data from VASs approximate the level of an interval scale, even for
very short and very long scales, and conclude that these scales are robust to differences in
display that are common in Web-based research. Tiplady et al. (1998) examined the influ-
ence of age on the use of VASs (younger participants: mean age = 30.2 years; older partici-
pants: mean age = 70.8 years). They found that “the use of visual analogue scales is valid in

both older and younger healthy subjects” (p. 65).

Despite the fact that VASs lend themselves for computerized assessment (Kreindler, Levitt,
Woolridge, & Lumsden, 2003), only few studies using VAS have been conducted on the Web
(e.g. Couper, Tourangeau, Conrad, & Singer, 2006; Funke & Reips, under review; Reips &
Funke, 2008; Turpin et al., 2003; van Schaik & Ling, 2007). Couper et al. (2006) found more
dropout and more item nonresponse as well as longer completion times with VASs realized
with Java. Another study (Funke & Reips, 2010) suggests that these negative effects are
caused by the Java technology and not by the scale itself and can be avoided by using more

lightweight technologies like JavaScript.

3.1.2 Measurement error and formatting error

Survey methodology aims at detecting sources of error and reducing its overall effect. To
specify the kind of error we tackle in this paper we combine two approaches: The concept of
the total survey error (Groves et al., 2004) and the question-answer process (Schwarz & Oy-

serman, 2001).

Groves and colleagues (2004) describe a well-established road map in survey research that
draws attention to major sources of error. The concept of total survey error takes many pos-
sible sources of error into account that cumulate within one survey. On the most general
level one distinguishes between error of non-observation and error of observation that both
affect survey statistics. Error of non-observation is about the representativeness of a study. It
can occur at each step on the way from the target population over the sampling frame (here
coverage error may occur), the obtained sample (source for sampling error), the actual re-
spondents (nonresponse error), and post-survey adjustments (adjustment error) to the final

survey statistics.

The error of observation is about the measurement process. It is the way from the abstract

construct that should be measured over the more concrete measurement (e.g. observations
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or questions in a survey) where validity can be affected, over the actual given response
(where measurement error can occur), and the edited response (e.g. after post-survey ad-
justments like removing of outliers; source for adjustment error), to the final survey statistic.
The kind of error this paper focuses on is measurement error, “the observational gap be-
tween the ideal measurement and the response obtained” (Groves et al., 2004: 51). Meas-
urement error again can have different sources like mode of presentation (e.g. primacy ef-
fects with visual presentation and recency effects with aural presentation; Krosnick & Alwin,
1987), presence of an interviewer (e.g. social desirability even with virtual interviewers;
Fuchs & Funke, 2007), questionnaire design (e.g. paging versus scrolling approach, see

Dillman, Smyth, & Christian, 2009), and the source of errors can lie within respondents.

The question-answer process as described by Schwarz and Oyserman (2001) can be used
to explain sources of measurement error that are located within respondents. The authors
name five implicit demands where error can occur. Participants have to (1) understand the
question, (2) recall relevant information, (3) make inferences and estimate, (4) map answers
onto the available response scale, and (5) edit answers according to social desirability (see
Schwarz & Oyserman, 2001, p. 129). Examples are if respondents misunderstand a question
(e.g. when items are presented in a certain context; error on step 1), events are hard to re-
member, very rare or very frequent (e.g. telescoping effects; step 2 and 3) or if respondents
are reluctant to give honest answers (e.g. answering in direction of the point of social desir-
ability with sensitive items; step 5). The focus of the research presented is error occurring in
the step 4, when problems with mapping answers onto the available rating scale may occur.
It arises when respondents do not find an option on a rating scale that perfectly reflects their

true value and they have to settle on a sub-optimal option.

3.1.3 Operationalization of formatting error and impact on data quality

The general description of the measurement process according to classical item response
theory (e.g. Groves et al., 2004) is Y; = T; + e where Y; is the observed variable for respon-
dent i that consists of respondent /'s true value T; and an error term e. In the following analy-

ses we will look at formatting error only.

For a single measurement, e can be either be zero or greater or smaller than zero. In the first
case the answer option selected perfectly fits the respondent’s true value and the reported
value equals the true value. In the second case e is greater or smaller than zero leading to a

systematic over- or underestimation of the true value resulting in biased estimates.
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When dealing with more than just one respondent (e.g. in a sample survey) or with the
measurement of multiple items (e.g. when applying Likert’'s method of summed ratings) the

mean population value Y is computed as follows:

SY=(E+61)+(E+62)+---+(E +e,)
) ’ (1)

Again, there can be a perfect measurement for all respondents or items leading to e of zero
and again bias means drawing systematically wrong inference and arriving at a distorted pic-
ture of the population. The additional third case is that over- and underestimations may not
be systematic but random. Thus they would even out, resulting in e having an expected
mean of zero and a variance greater zero. This kind of error cannot be observed on the first
sight, and valid inference on parameters is drawn. It has some serious but subtle impact on
data quality. An increase of error leads to wider confidence intervals of survey estimates.
This leads to reduced power of statistical tests and to decreased reliability. The first conse-
quence is that larger sample sizes are needed to statistically significantly detect existing dif-
ferences. Secondly, correlation coefficients are reduced by increasing error. Finally, no mat-
ter how large the sample size, small effects cannot be observed. Obviously, there is every

reason to maximize efforts to minimize error.

3.2 Study 1: Simulation of formatting error with ordinal scales and VASs

The most frequent rating scales in self-administered surveys are ordinal scales. Whenever
ordinal rating scales are used to measure continuous variables there are unavoidably many
instances where there is an observational gap between the extent of the variable of interest
and the reported value. Aim of the first study is to gain deeper understanding for how format-
ting error is affected by the number of response categories, if continuous variables are
measured with ordinal scales. Starting point is the definition of formatting error stated above.
In the first section we describe the expected extent of formatting error for a single measure-
ment with ordinal scales and with a VAS. In the second section we use simulated data sets
to estimate formatting error occurring within certain populations with different distributions of
the dependent latent variable. Finally, we summarize the theoretically expected formatting

error in ordinal scales and VASs as foundations for the empirical Studies 2 and 3.
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3.2.1 Formatting error for single measurement

To operationalize formatting error we put it in numbers by thinking the latent variable to be
measured as being unipolar and continuous running from 0 to 100.>? At the left end of this
continuum 0 represents the absolute absence (e.g. indicated by a verbal label like “do not at
all agree” when items are to be rated or “never” when asking for frequencies) and 100 at the
right end of the continuum is the absolute presence (e.g. “strongly agree” or “always”) of the
variable being measured. According to this concept a measurement error of one unit means
a deviation of about one percentage point from the true value. Furthermore, we assume that
the true value can take any whole number between 0 and 100 and it is represented with the
same precision within the respondent. The respondent can access this value with any preci-

sion and map it on the rating scale.

Formatting error is the difference between true value and the corresponding optimal value
communicated on the measurement device (i.e. the scale). To compute this difference we
have to determine the respective category value for each option on an n-point ordinal scale
in advance. The goal is to assign a value to each category, resulting in numerically equidis-
tant categories. We computed each category’s value, given that the left most category repre-
sents the value 0 and the right most category represents the value 100. The distance d be-
tween each category equals the total number of categories ¢ minus one: d = 100 / (¢ — 1).
For a 5-point scale this means that the distance between categories is equal to d =100/ (5 -
1) =100 / 4 = 25. This leads to category values of 0 for the left most category, 25 for the
second category, 50 for the middle category, 75 for the fourth category, and 100 for the right

most category.

For illustration of how formatting error is computed for different ordinal scales and a VAS,
consider the following example. Let a respondent /’s true value T; be of a middle intensity,
precisely scoring at 42. Figure 3.2 illustrates the extent of formatting error occurring with a 5-

point scale, a 9-point scale and a VAS.

In the example 5-point scales overestimate the latent variable, leading to a formatting error of
eight percentage points. 9-point scales slightly underestimate the true value by four percent-
age points. Not surprisingly, the formatting error with VAS equals zero, as there is a perfectly

matching response value on the VAS that equals the true value.

%2In fact this procedure leads to 101 categories. However, it also leads to exactly 100 increments.
Thus, we arrive at the same distances between crucial values, e.g. 0-25, 25-50, 50-75, and 75-100
are equally large, and 50 truly marks the middle of the scale. In any case, differences are neglible and
were taken into account during computations.
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Ti=42
Latent Variable: 0 + 100
5-Point Scale: i @
! es-point = 50 — 42 = +8
9-Point Scale: (o) 4 &
;_{ eg-poin[ = 38 - 42 = _4
VAS: X

evas=42-42=0

Figure 3.2. lllustration of within-category formatting error (e) operationalized as difference between

true value (T;) and the nearest answer option with 5-point scale, 9-point scale and VAS.

To determine the mean expected formatting error resulting for different ordinal scales we de-
termine the formatting error for each possible true value between 0 and 100 by computing
the distance between the actual true value and the closest category. Because all response
options are equidistant, the mean expected formatting error approximates one fourth of the
category width for every category. As there are 101 possible values (0 and 100 are included
in the interval) the expected formatting error e equals one fourth of the category distance d
corrected by 100/101: e=d /4 * 100/ 101.

Table 3.1
Distance Between Categories, Maximum Formatting Error, and Expected Formatting Error with Ordi-

nal Scales Consisting of Three to Twelve Categories

Number of categories
3 4 5 6 7 8 9 10 11 12
Category distance d 50.0 33.3 25.0 20.0 16.7 143 125 111 10.0 9.1
Maximum FE 250 16.7 125 100 83 71 65 56 50 45
Expected FE e 124 83 62 50 41 35 31 28 25 23

Table 3.1 shows the distance between categories, the maximum possible formatting error,
and the mean expected formatting error with ordinal scales from three to twelve categories.
The maximum formatting error occurs when the true value is exactly in the middle between
two categories and the expected formatting error decreases with the number of categories
available. The expected formatting error with 5-point scales is 6.2 percentage points and half

as large with 9-point scales where the expected formatting error is 3.1 percentage points.

Formatting Error for Single Measurement with VASs. Regarding VASs, the results

are unambiguous. Because this continuous rating scale offers a matching option for every
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possible gradation of the latent interval scaled variable to be measured, the expected mean

formatting error with VASs is zero.

3.2.2 Formatting error on the aggregate level

Even though it is illuminating to get a basic idea about the impact of the rating scale on the
extent of formatting error, considering just a single measurement is not sufficient to estimate
formatting error in real studies. In real tests or surveys one most often does not deal with a
single measurement but with aggregate measurements. Data are either aggregated within
respondents when indices are computed (e.g. when Likert's method of summed ratings is
applied; Likert, 1932) or between respondents when means of variables or indices are com-
puted. So, there is not just one true value as with a single measurement but there are up to
as many true values as there are observations. The total formatting error depends on the ac-
tual distribution of these true values in a sample and it equals the sum of error occurring
within each category. Figure 3.3 illustrates how within-category error is computed for a 5-

point scale and a 6-point scale with normally distributed true values.

- 100

Figure 3.3. Within-category formatting error with normally distributed true values in 5-point scales (A)

and 6-point scales (B).

The extent of within-category formatting error depends on two variables. It is influenced firstly
by the difference 8 between true value and chosen category value, and secondly by the
number of cases with a certain difference. When assuming a normal distribution of true val-
ues and considering a 5-point scale relatively little formatting error occurs, as there are many
cases that match the category value of the middle category. In comparison, with 4- and 6-

point scales there are fewer cases without formatting error. Thus, formatting error is a gen-
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eral argument against the use of even categories, because for normally distributed variables
the lack of a middle category inevitably means formatting error occurring for a large number
of cases. Figure 3.3 also illustrates that even slight differences from normal distributions can

affect formatting error.

3.2.3 Method

To estimate the influence of formatting error on the interaction between the number of cate-
gories and differently distributed true values, we simulated data sets with different character-
istics to model different populations. We generated random natural numbers between 0 and
100 following different distributions with different means and spreads. Random variables
were generated using the open source software R (http://r-project.org; syntax files are avail-
able from the authors upon request). First, we generated 10’ cases. We chose the central
parameters so that most cases were in the range between 0 and 100. Then we excluded all
values not falling between the boundaries 0 and 100 and finally drew a simple random sam-

ple of 10° cases to arrive at groups of equal size.

The first data set we simulated followed a uniform distribution where all values are about
equally frequent. Secondly, we investigated normal distributions with different spreads and
different means. We started with normal distributions with a mean in the exact middle of the
continuum, at 50. As all scales with an odd number of response options share the category
value 50, all odd scales should — depending on the spread of values — have a relatively low
formatting error. To take this into account, we also investigated normal distributions with
other means. We took 43 as the category value of the fourth category on an 8-point scale
and 45 (the sixth option on a 12-point scale). Additionally, we simulated data with the mean

on an odd category: 25 (second category on a 5-point scale).

Finally, there are some category values that odd and even scales share: 20 (being the sec-
ond category on a 6-point scale as well as third on an 11-point scale), 33 (second option on a
4-point scale, the third option on a 7-point scale, and the fourth option on a 10-point scale),
and 40 (representing the third option on a 6-point scale as well as the fourth option on an 11-
point scale). It is obvious that the impact of the distribution on formatting error is more ex-
treme when data have a small deviation from the mean. Thus, in order to illustrate extreme
cases, we chose a (small) standard deviation of 5.0 for these shifted variables. In the end we
simulated an exponential data set that should represent a very skewed distribution. All ten

simulated data sets are illustrated in Figure 3.4.
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Corresponding to the determination of formatting error for an individual measurement, we
computed the distance to the next available response option for each possible true value in
the data set for ordinal scales consisting of three to twelve categories. As above, the maxi-
mum formatting error equals about one fourth of the distance between categories. In prac-
tice, one would only arrive at this maximum in the unlikely case that all true values were at

the border between two categories.

3.2.4 Results Study 1

Table 3.2 shows the aggregate formatting error for each of the ten simulated distributions.
Only with a uniform distribution of true values (distribution 1) it equals the formatting error for
a single measurement (leaving aside some small deviations because of rounding). Regard-
ing the normal distributions with a mean of 50 (distributions 2 and 3), our prior reasoning
shows to be correct: A large spread of values leads to formatting error very similar to error
occurring with a uniform distribution. Overall, for a uniform distribution and normal distribu-
tions with a normal to wide spread of values, we find a confirmation for the initial reasoning:
The larger the number of response categories the smaller the formatting error. This is also

applicable for the exponential distribution we tested (distribution 10).

But when examining extreme distributions with small variances (distributions 4-9), we ob-
serve two exemptions from the rule mentioned above. First, formatting error does not always
decrease with a larger number of categories. Second, an interaction between the number of
categories and the distribution of values leads to a large spread of formatting error for re-
sponse scales with a small number of categories. Even very small deviations of the mean
from the middle of the continuum (e.g. a mean of 45 instead of 50) can have a large effect.
With 3-point scales formatting error is greatly influenced by the distribution of values, ranging
between 5.8 and 19.2 and with 4-point scales the expected formatting error is between 4.0

and 13.0. Even with 5-point scales error still is as high as between 3.9 and 8.1.

Taking these results together it becomes obvious that minimizing formatting error is only
possible with knowledge about the exact distribution of parameters. Depending on the actual
mean of a distribution, in some cases an odd number of categories leads to a smaller ex-
pected formatting error, in some cases an even number of response categories. Figure 3.4
illustrates the range of formatting error depending on the number of categories and the simu-

lated distributions.
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Table 3.2

Mean Formatting Error with Three to Twelve Categories and Differently Distributed Data

Distribution (D.) Mean formatting error occurring with number of categories
3 4 5 6 7 8 9 10 11 12
1 Uniform 124 83 62 49 41 35 31 27 25 22

2 Normal D. (ND)

(M =50, SD = 15) 108 86 6.2 50 42 35 31 28 25 23
3 ND, wide

(M =50, SD = 45) 126 84 62 50 41 36 31 28 25 22
4 ND, narrow

(M =50, SD = 5) 40 130 39 62 36 37 30 31 25 25
5 ND, shifted 1, narrow

(M =45, SD =5) 58 112 55 50 44 34 31 28 25 23
6 ND, shifted 2, narrow

(M =43, SD =5) 74 97 67 43 48 33 31 28 25 23
7 ND, shifted 3, narrow

(M =40, SD =5) 101 73 81 38 48 34 30 28 25 23
8 ND, shifted 4, narrow

(M =33, SD =5) 16.8 40 72 57 36 36 33 27 25 22
9 ND, shifted 5, narrow

(M =20, SD =5) 19.2 116 55 38 38 40 31 27 25 22
10 Exponential

(M =15) 103 75 59 48 41 35 31 27 25 22

Note. Values in bold face indicate occurrences where formatting error is lower in comparison to a rat-
ing scale with a higher number of categories.

20 -

15

10

Formatting Error (Percentage Points)

Number of Categories

Figure 3.4. Formatting error for simulated data sets 1-10, as shown in Table 3.2.

With an increasing number of response options the impact of the distribution of values be-

comes smaller and smaller, as well as the absolute amount of formatting error. When con-
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sidering scales with at least eight categories, from a practical perspective formatting error is
quite similar for all distributions. However, even when using a large number of response
categories the error affecting the measurement is still far from being zero. Using categorical
scales for interval concepts thus adds noise to the data, and makes small effects unobserv-
able in many designs. For measurement with VASs the same reasoning applies as above.
As there is a matching value on the response scale for every true value possible the ex-

pected formatting error is zero.

To provide empirical evidence we conducted two independent Web experiments. We expect
that measurements with VASs significantly outperform measurements with ordinal scales re-

garding measurement related error.

3.3 Study 2: Empirical error with 5-point scales and VASs

Study 2 was conducted to test if the theoretically lower formatting error with VASs is indeed
observable in a field experimental study. Formatting error can only be measured directly if
the true values are known, see e.g. Reips and Funke (2008) for an example. In all other
cases it has to be inferred. One solution to compensate the availability of true values is to
estimate formatting error indirectly by examining standard errors. A lower formatting error
should find expression in a lower standard error of a measurement. Standard errors can eas-
ily be computed and lend themselves as indicator for the amount of error occurring during the
measurement process. We expect measurement with VASs to lead to lower standard errors
than measurement with ordinal rating scales. For analyses we used type of rating scale as

independent variable and the mean standard error as dependent variable.

The standard error of the mean SEM is

SEM = m_

\/; (2)
where sy equals the standard deviation from the mean in the actual experimental condition
and n is the number of observations in the sample. SEM becomes smaller with a larger num-
ber of observations. To take this into account, we drew a simple random sample from the

VASs condition so that both conditions consisted of 230 cases.
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3.3.1 Method

Procedure. In a Web experiment in a between-subjects design participants of a big five
personality test (taken from the International Personality Item Pool IPIP*3, German version
validated for Internet usage by Hartig, Jude, & Rauch, 2003) were randomly assigned to two
conditions. The rating scales in the questionnaires were either made of 5-point ordinal scales
or VASs of 250 pixels in length. Thus, respondents in the VASs condition had 50 times more
possibilities to make their judgments. The first page of the questionnaire consisted of an in-
troduction and a seriousness check (Reips, 2002c), followed by a short instruction that ex-
plained how to use the respective rating scale. Additionally, participants were asked for their
gender and to provide an individual anonymous code in order to receive an individual feed-
back afterwards, if they so desired. The experimental section consisted of 40 Web pages in a
one-item-one-screen design (see Reips, 2002c) and all items were voluntary to keep psycho-

logical reactance as low as possible (see Stiegler, Reips, & Voracek, 2007).

Participants. The participants were recruited in courses for first semester psychology stu-
dents at the University of Kassel, Germany. Of the 585 participants who were eligible for the
experiment, 505 (86.3%) indicated serious participation, whereof 246 (48.7%) were randomly
assigned to the condition with 5-point scales and 259 (51.3%) to the VAS condition. 16 per-
sons (6.5%) dropped out during the study in the 5-point scale condition and 19 persons
(6.9%) with VASs, including one lurker®“. Finally, 470 data sets remained for analyses, 230
cases (48.9%) with 5-point scales and 240 (51.1%) with VASs.

3.3.2 Results Study 2

As expected, the mean ratings of the 40 items were generally equivalent. We found three
statistically significant differences with p < .05 (all eta around .02). This general equivalence
of measurement regarding mean ratings between ordinal scales and VASs was expected

from the findings reported earlier.

As expected, in comparison to 5-point scales, SEM is lower for 27 variables (67.5%) with
VASs, about the same for nine variables (22.5%), and slightly higher for only two variables

(5.0%) in comparison to 5-point scales. On a scale from 0 to 100 the mean SEM with 5-point

3‘3http://ipip.ori.org/ipip/
34 urker are respondents who do not provide a single rating at all (see Bosnjak, 2001).
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scales is M =1.91 (SD = 0.38) and M = 1.69 (SD = 0.24) with VASs, F(1,79) = 8.76, p = .004,
2
n°-=.10.

In summary, we found evidence that VASs indeed have a beneficial effect on the reduction of
error in the measurement process. A restriction is certainly that only 5-point scales were

tested. Hence we set out to test other types of scales in Study 3.

3.4 Study 3: Formatting error with VASs versus 5-, 7-, and 9-point scales

To replicate and generalize the results from Study 2, we conducted a third study with a wider
range of ordinal scales, and conducted it with a sample from outside the university. We com-
pared VASs to three different ordinal scales: 5-point, 7-point and 9-point scales. Our first hy-
pothesis is that a higher number of response options in ordinal scales leads to less error. The
second hypothesis is that measurement with VASs should in any case be superior to meas-

urement with ordinal scales, even with 9-point scales.

3.4.1 Method

Procedure. In a Web-based test of locus of control 58 items — presented in pairs on 29
Web pages — had to be evaluated. In the beginning of the questionnaire was a confidentially
statement, a short introduction, a contact form, as well as a seriousness check. On the sec-
ond page, participants were asked about their sex, age, formal education, and online experi-
ence. Afterwards, participants were randomly assigned to a condition where either 5-point

scales, or 7-point scales, or 9-point scales, or VASs (349 pixels in length) were available.

Participants. The participants were recruited online in the Web Experimental Psychology
Lab, via the Web Survey List, and in various newsgroups. Of the 585 eligible respondents
385 (65.8%) indicated serious participation. Table 3.3 illustrates the number of serious re-
sponds, respondents who dropped out of the study, and the respondents who completed the
whole questionnaire. Two cases of lurking were observed with VASs. The final data set con-

sisted of 265 cases.
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Table 3.3

Serious Respondents, Dropout and Complete Cases by Experimental Condition

5-Point scale 7-Point scale 9-Point scale VAS
Serious (% between) 99 (25.7%) 111 (28.8%) 88 (22.9%) 87 (22.6%)
Dropout (% within) 42 (42.4%) 22 (19.8%) 33 (37.5%) 21 (24.1%)

Completes (% between) 57 (21.5%) 89 (33.6%) 55 (20.8%) 64 (24.2%)

3.4.2 Results Study 3

We compared the mean ratings of the 58 substantial items between ordinal scales and
VASs. A statistically significant difference (p < .05) was found between VASs and 5-point
scales with five variables (n? between .03 and .08), between VASs and 7-point scales with
one variable (n? = .03), and between VASs and 9-point scales with five variables (n? between
.03 and .04). The difference in dropout was statistically significant between VASs and 5-point
scales, X*(1, N = 186) = 8.05, p = .005, as well as between VASs and 9-point scales, x*(1, N
= 174) = 4.16, p = .049, but not between VASs and 7-point scales, x*(1, N = 197) = 0.34, p =
.601.

As in Study 2 we adjusted the number of cases for every experimental condition by drawing
a single random sample, leading to 55 cases in every group. Afterwards, we compared SEM
between VASs and each ordinal scale by using the rating scale as independent variable and
the standard error as dependent variable. Table 3.4 shows how SEM differed between ordi-

nal scales and VASs.

Table 3.4
Number of Items with Higher, Lower or Equal SEM Measured with Ordinal Scales in Comparison to
Measurement with VASs

5-Point scale 7-Point scale 9-Point scale
SEM lower than VASs 7 (12.1%) 11 (19.0%) 20 (34.5%)
equal to VASs 4 (6.9%) 12 (20.7%) 3(5.2%)
lower with VASs 47 (81.0%) 35 (60.3%) 35 (60.3%)

Mean SEM was M = 3.86 (SD = 0.49) with 5-point scales, M = 3.69 (SD = 0.39) with 7-point
scales, M = 3.56 (SD = 0.41) with 9-point scales, and M = 3.47 (SD = 0.40) with VASs. The
difference in SEM between VASs and 5-point scales is statistically significant, F(1, 115) =



3 Making small effects observable with visual analogue scales 86

21.55, p < .001, n? = .16, as well as the difference between VASs and 7-point scales, F(1,
115) = 8.95, p = .003, n? = .07. The difference between VASs and 9-point scales did not
reach statistical significance, F(1, 115) = 1.56, p = .215.

3.5 Discussion

It is everyday practice to use ordinal rating scales to measure continuous variables. Our
analysis and evidence from three studies show: this way of collecting data unavoidably
raises the total survey error by producing formatting error. In Study 1 we found that for ordi-
nal scales up to about seven categories there is a considerable interaction between the
number of response options and the distribution of true values, making the actual amount of
error produced by the rating scale unpredictable. But even if more response options are pro-
vided, ordinal scales still add unnecessary error. Error widens confidence intervals, leads to
less statistical power, makes it impossible to detect small effect sizes, and raises the risk of
making a Type Il error. All these undesirable effects can be avoided when using VASs, ade-

quate rating scales that measure continuous data on the level of an interval scale.

Study 2 and Study 3 provide empirical evidence to the reasoning that measurements with
VASs contain less error. First, we showed there is little foundation for the concern that VASs
could bias data or raise dropout. The means of the items neither differed to a great extent nor
systematically. Dropout with VASs is even lower than dropout with most ordinal rating scales,
and thus indicates that respondents do not perceive using this rating scale as burdensome.
Second, the amount of error in the measurement process decreases with an increasing
number of response options. A lower error was observed with VASs in comparison to ordinal

rating scales with up to seven response options.

With the proliferation of computer-based surveying and the advent of Web applications for
Internet-based research, the creation and use of VASs has become easy and practical
(Reips & Funke, 2008). Given the theoretical advantages and empirical results from the pre-
sent series of studies, the benefits of VASs for data collection should be taken advantage of.
The fine gradation of the response scale allows the detection of small differences between
and within subjects. Additionally, data obtained with VASs can be recoded into any number
of categories without losing the desired scale properties. If data are transformed to equidis-
tant categories consisting of equal intervals, the conditions for the usage of statistical meth-

ods that require data on the level of an interval scale are still met. When the usage of VASs
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is not possible due to technological considerations or for practical reasons, the authors sug-

gest the use of rating scales with more than seven response options.

Overall, the use of ordinal rating scales to measure continuous variables is an inappropriate
methodology. The authors strongly advocate to reconsider this frequently observed practice
and instead make use of the advantages of VASs for the measurement of continuous vari-

ables.



Semantic Differentials Made of
Visual Analogue Scales

in Web-Based Reserach

88



4 Semantic Differentials Made From Visual Analogue Scales in

Web-Based Research”

In a Web experiment, participants were randomly assigned to 2 semantic differentials either
made from discrete 5-point ordinal rating scales or continuous visual analogue scales
(VASs). Respondents adjusted their ratings with VASs more often to maximize the precision
of answers, which had a beneficial effect on data quality. No side effects like higher dropout,
more nonresponse or higher response times were observed. Overall, the combination of se-
mantic differentials and VASs indicates a number of advantages. Potential for further re-

search is discussed.

4.1 Semantic differentials made from visual analogue scales

Research on the historic origin of semantic differentials revealed that this type of rating scale
was initially made from continuous, not from discrete rating scales. McReynolds and Ludwig
(1987) report that a device very similar to what we consider a semantic differential nowadays
— even though it did not contain contrary verbal labels on either side — was used as early as
the beginning of the 19™ century: “a metal plate [...] had 10 scales, each marked off in 100
parts, and labeled [...]. A system of sliding markers was provided so that a [...] judged posi-
tion on each scale could be graphically displayed” (p. 282). More than 180 years later we
transfer this approach into cyberspace, substituting the metal plate with a Web browser’s in-

terface.

4.2 Introduction

Researchers have an extensive methodological repertoire at their hands to design Web-
based questionnaires that assist participants in giving accurate answers and maintaining

their willingness to cooperate. One possibility to optimize questionnaire design is to alter the

*'Parts of this study have been presented at the ISA RC33 7th International Conference on Social
Science Methodology, Naples, Italy, September 1-5, 2008, under the title “Assessing semantic differ-
entials with visual analogue scales in Web surveys”. The authors would like to thank the anonymous
reviewers for their helpful remarks as well as E.-D. Lantermann (University of Kassel) and his students
who participated in the experiment. This chapter has been submitted for publication:

Funke, F., & Reips, U.-D (2010). From the roots to the future: Semantic differentials made from visual
analogue scales in Web-based research. Manuscript submitted for publication.
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available response scales. Changes in response scales can affect the question answer proc-
ess, especially question understanding as well as the formatting of answers (e.g. Sudman,
Bradburn, & Schwarz, 1996), and seriously impacting given ratings (see deLeeuw, Hox, &
Dillman, 2008; Dillman, Smyth, & Christian, 2009; Funke, Reips, & Thomas, in press;
Groves, Fowler, Couper, Lepkowski, Singer, & Couper, 2004; Krosnick, 1999; Schwarz,
1999). The number of response categories communicates how elaborated the expected an-
swer should be. A small number of response options implicitly conveys the message that
roughly estimated answers are sufficient, whereas a large number of response options can

be understood as an instruction to maximize cognitive efforts (see also Schwarz, 1999).

4.2.1 Semantic differentials

C. E. Osgood is credited for introducing semantic differentials in the 1950s (Osgood, 1952;
Osgood, Suci, & Tannenbaum, 1957). By now it is an established measurement device used
in many fields (e.g. psychology, sociology, and linguistics). Semantic differentials are used to
assess different dimensions of a single construct. A battery of contrasting bipolar verbal an-

chors (e.g. warm — cold or bright — dark) is presented in form of a matrix.

It is known that respondents are likely to see items not independently but in the context of
one another (see Dillman et al., 2009). Thus, when measuring unrelated items it is advanta-
geous to present each item on a separate page (see Reips, 2002c) to minimize anchoring
and contrast effects (e.g. Sudman, Bradburn, & Schwarz, 1996). In a semantic differential all
dimensions are intentionally presented on the same (Web) page to emphasize that all di-
mensions are mutually related and that respondents are asked to give sound ratings regard-

ing all dimensions.

4.2.2 Web-based data collection

Web-based data collection has become a well-established instrument in the world of survey
methodology (Best & Krueger, 2004; deLeeuw, Hox, & Dillman, 2008; Dillman & Bowker,
2001; Dillman et al., 2009; Joinson, McKenna, Postmes, & Reips, 2007). In comparison to
laboratory settings, Web-based research for example greatly extends the access to large
number of participants and to special populations (see Fuchs, 2008; Mangan & Reips, 2007),

and it allows the presentation of various multimedia stimuli (e.g., Fuchs & Funke, 2007).
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Nevertheless, there are some pitfalls. For example, respondents have to have a certain de-
gree of computer literacy to be able to complete a Web-based questionnaire in a meaningful
way. Another worry is that the setting in which respondents take part in a study cannot be
controlled. One the one hand, these non-standardized situations can be a good reason why
Web experiments sometimes may not produce the same results as experiments conducted
in laboratories (Reips, 2002¢, 2007). One the other hand, the validity of results obtained from
testing persons in real-life environments without (involuntary) influence of the experimenter
should be higher (see Honing & Reips, 2008).

Especially Web-based questionnaires are prone to involuntary changes in layout due to dif-
ferent client-sided software configurations. For example poor HTML code can result in un-
even spacing between radio buttons, which can shift ratings as Tourangeau, Couper, and
Conrad (2004) demonstrated. As even small changes in layout and visual design can affect
answers (e.g. Couper, Traugott, & Lamias, 2001; Dillman & Bowker, 2001; Reips, 2010;
Smyth, Dillman, Christian, & Stern, 2006), one should pay much attention to a straightfor-
ward (e.g. low-tech) implementation and control for technological background variables (e.g.

operating system, browser, and availability of technologies).

4.2.3 Visual analogue scales (VASs)

VASs are continuous graphical rating scales, first described by Hayes and Paterson (1921).
The obvious advantage over discrete scales is that answers are not restricted to a certain
number of response options but very fine gradations can be measured. In computerized data

collection each pixel in length corresponds to a possible value (Reips & Funke, 2008).

Many paper-based studies — especially in the medical sector, e.g. for assessment of subjec-
tive phenomena like fatigue or pain (Cork, Isaac, Elsharydah, Saleemi, Zaviska, & Alexander,
2004) — were not able to show differences between VASs and ordinal scales regarding mean
ratings (also see Averbuch & Katzper, 2004; Flynn, van Schaik, & van Wersh, 2004). In a
paper and pencil study on pain, Myles, Troedel, Boquest, and Reeves (1999) and Myles and
Urquhart (2005) found that data from VASs are linear. Gerich (2007) found that mode differ-
ences between paper and Web are smaller with VASs than with 5-point scales. Hofmans and
Theuns (2008) conclude that in a paper-based study “VASs can be considered as linear
scales and that the type of end anchors used has no effect on the linearity of the VAS data”
(p. 401). Reips and Funke (2008) found that even in Web surveys VASs fulfill many require-

ments of measurement on the level of an interval scale. With mentally well-represented con-
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structs equal changes in intensity correspond to equal changes in ratings on VASs. So, dif-
ferences between ratings on VASs can be interpreted in a meaningful way and the prerequi-

sites for many statistical procedures are met.

In contrast to the historical origins, semantic differentials are rarely made of VASs nowadays.
The most likely explanation is the effort associated with the manual readout in paper-based

studies. However, this is no issue in computerized data collection.

4.3 Research questions and hypotheses

Making ratings on semantic differentials is a more complex task than just answering single
items. Respondents have to consider not only a single item but also the relationship between
each item presented to give sound overall judgments. Our research focuses on how the rat-

ing scale used with semantic differential influences the measurement process and data qual-

ity.

VASs allow giving finely nuanced ratings regarding all dimensions of the construct being
measured. However, this large number of possibilities may be too demanding. Ratings with
ordinal scales pose the problem of shared ranks whenever the number of response options
is smaller than the number of items. Thus, giving sound ratings regarding the relation be-
tween all items is impossible. Ordinal rating scales always require decisions about compro-
mises and thus may increase cognitive burden. Additionally, if continuous concepts are to be
rated on ordinal scales, a transformation, a segmentation and mapping to the nearest cate-

gory have to be mastered by the respondent.

Web surveys allow unobtrusive data collection with nonreactive methods (e.g. Heerwegh,
2003). Using JavaScript we implemented a measure of how long it takes to make ratings and
how often ratings are modified. Thus, we made use of the enhanced technologies available
in Internet-based research when investigating the manual answering process in remote par-
ticipants (Stieger & Reips, in press). Regarding the observable part of the question-answer
process, we hypothesize that respondents take advantage of the possibilities of VASs and
change given ratings more frequently in comparison to ordinal scales. In turn, this should

raise response times and lead to higher data quality.
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4.4 The experiment

The Web experiment was conducted as part of a study on personal preferences, taste, and
style preferences among students of psychology at the University of Kassel, Germany, from
January 7-30, 2008. Respondents provided a personal, but anonymous code to be able to

get an individual feedback as per capita incentive (see Goritz, 2006).

4.4.1 Questionnaire

The questionnaire consisted of 83 consecutive Web pages. To utilize advantages of the
warm-up technique in Internet-based research (Reips, 2002c) the experimental manipulation
of the type of rating scales in the semantic differentials was placed on pages 81 and 82. The
questionnaire contained no other semantic differentials. On each of these two pages was
one semantic differential consisting of 13 items, assessing different dimensions of the re-
spondents’ style regarding furnishing (semantic differential 1) and clothing (semantic differen-

tial 2). The labeling of the 13 dimensions was the same on both pages.

4.4.2 Procedure

In a between-subjects design respondents were randomly assigned either to semantic differ-
entials made from 5-point rating scales, implemented with HTML radio buttons, or to seman-
tic differentials made from VASs with 250 pixels in length corresponding to 250 gradations
(see Figure 4.1). The VASs were generated with the free Web service VAS Generator (main-
tained by the authors, located at http://vasgenerator.net) and implemented using JavaScript.

Type of rating scale was the same on both Web pages.

Directly after loading the Web pages containing the semantic differentials, neither scale
showed any marker (Figure 4.1, top six items). Indicators for previously given ratings — a
checked radio button with the 5-point scales and a cross with the VASs (see Figure 4.1, bot-
tom items) — only appeared after clicking on the scales. Judgments with VASs were made in
the following way (working examples can be seen at http://vasgenerator.net). Respondents
clicked the blank line at the appropriate position and the marker appeared at the very posi-
tion. To modify the rating any other position on the VAS could be clicked. It was not possible

to move the marker by dragging it with the mouse. Every click on the VASs was recorded just
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as every click on a radio button. In both conditions respondents could adjust all ratings as

often as they wanted and no rating was mandatory.

traditional O @) O O O  fashionable traditional fashionable
harmonious O (@) O O O  exciting harmonious exciting
precious O O O @) O inexpensive precious inexpensive
trendy O O O O O  classic trendy classic
striking O O O O O  discrete striking discrete
unusual O (@) O O O  conventional unusual conventional
plain @ @) @) @) O  fanciful plain > fanciful
stimulating  C ® @) O O  calming stimulating s calming
country-style O ® O @) O  elegant country-style > elegant
cosy O ® O O O  functional cosy > functional
stylish O @) @) O ®  varied stylish > varied
warm O O @) ® O  cold warm > cold
prestigious O O ® O O  individual prestigious individual

Figure 4.1. Ratings scales (top after load bottom with ratings): radio buttons, five categories (A) and
VASs, 250 pixels (B).

4.5 Results

4.5.1 Participants

Overall, 278 participants reached the first page of the experiment. At the beginning of the
survey, participants were asked for an anonymous code. Not providing a code indicated a
low motivation to seriously participate in this study, so we excluded these seven cases. We
excluded three additional cases (1.1%) of JavaScript not being enabled in the respondents’
Web browsers. Overall, we thus obtained a sample of 268 cases, 134 in each experimental
condition. Due to the warm-up technique (Reips, 2002c) no dropout occurred on the two

pages of the experiment.

4.5.2 Nonresponse

In both conditions 7.1% of the data set (19 cases with each scale) were incomplete, showing
at least one missing value during the experiment. Following the common definition of lurking
(e.g. Bosnjak, 2001), we take lurkers as respondents who did not provide even a single an-
swer within a survey. We detected two lurkers, one per condition. Additionally, we found two
cases with ordinal scale type that did not provide a single value for either semantic differen-
tial (one-page lurker). We excluded these four cases, resulting in 264 cases (133 with VASs

and 131 with 5-point scale) for analyses of item nonresponse.
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We found no statistically significant difference in item nonresponse between VASs and the 5-
point scales. However, there was a trend that is consistent within both semantic differentials:
Semantic differential 1: M(VAS) = 0.28 (SD = 1.34), M(5-point) = 0.42 (SD = 1.63); semantic
differential 2: M(VAS) = 0.40 (SD = 1.72); M(5-point) = 0.50 (SD = 1.89).

Prior to analyzing frequency of changing answers, means, correlations, and response time,
we additionally excluded all cases with at least one missing item, resulting in a net sample of
230 cases, 115 with each type of scales. All in all, we excluded 17.3% of respondents from
analyses. The female proportion in the net sample was 76.5% with VASs and 71.3% with 5-
point scales. The mean age was M = 23.1 years (SD = 2.2) with VASs and M = 23.7 (SD =
3.8) years with 5-point scales. None of these demographic differences between the experi-

mental conditions was statistically significant (all p > .10).

4.5.3 Adjusting responses

To make inferences on the process of decision making we analyzed how often ratings were
modified. The effort to give accurate responses is reflected in the number of changes. To be
more conservative, we looked for extreme values of changes and disregarded data from one
respondent (53 changes with VASs and the second semantic differential). Overall, with the
first semantic differential 66.1% of the respondents changed at least one answer with VASs
and 57.4% with the 5-point scale. Fewer changes were made with the second semantic dif-
ferential: 54.8% with VASs and 50.4% with the 5-point scale.

On the page with the first semantic differential, the mean number of clicks needed to com-
plete all 13 items was M = 16.7 (SD = 5.0) with the VASs and M = 14.5 (SD = 2.1) with the 5-
point scales, F(1, 229) = 19.50, p < .001, eta? = .079. In other words: with VASs 3.7 changes
occurred with the first semantic differential and only 1.5 with the 5-point scales. On page two,
answering the semantic differential with VASs, M = 14.9 (SD = 2.8), again took more clicks
than answering with the 5-point scales, M = 14.0 (SD = 1.7), F(1, 228) = 8.19, p = .005, eta?
= .035. This corresponds to 1.9 changes with VASs and 1.0 change with the 5-point scales.

4.5.4 Ratings

For better comparability, data from both scales were recoded ranging from 0 to 100. In the

first semantic differential (see Figure 4.2), only the mean rating for the dimension distin-
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guished — individual differed significantly, M(VAS) = 67.7 (SD = 23.3), M(5-point) = 60.9 (SD
=25.9), F(1,229) = 4.47, p = .036, eta® = .019.

— VA S
traditional H fashionable
harmonious exciting
precious inexpensive
trendy classic
striking discrete
unusual conventional
plain fanciful
stimulating calming
country-style elegant
cosy functional
stylish varied
warm cold
prestigious individual
0 2.0 4'0 6.0 8'0 100
Figure 4.2. Mean ratings semantic differential 1.
—VAS
traditional e §-po0iE i fashionable
harmonious e exciting
precious inexpensive
trendy classic
striking discrete
unusual conventional
plain fanciful
stimulating calming
country-style elegant
cosy functional
stylish varied
warm [ cold
prestigious \ [#p <05 individual
0 2.0 4I0 6l0 8l0 100

Figure 4.3. Mean ratings semantic differential 2.
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With the second semantic differential, the picture is quite the same (see Figure 4.3). Again,
just one dimension (harmonious — exciting) showed a statistically significant difference in
means: M(VAS) = 41.0 (SD = 23.6), M(5-point) = 47.4 (SD = 24.2), F(1, 229) = 417, p =
042, eta® = .018.

4.5.5 Correlations

Both concepts we observed with the semantic differentials (style of furnishing and style of
clothing) should be highly correlated as we expect a general factor “sense of style” to influ-
ence both variables. We used the correlations between identical dimensions (e.g. dimension
plain — fanciful for furniture style and plain — fanciful for clothing style) to infer on measure-
ment error. A desired measurement with lower error would show high correlations between
variables measuring the same dimension and low correlations — indicating high discrimina-
tion — between different dimensions (e.g. plain — fanciful and trendy — classic). We computed
Pearson’s correlation coefficient between all 13 variables for comparing measurement with

VASs to measurement with 5-point scales (see Table 4.1).

Correlations Between Corresponding Dimensions. For this analysis we looked at the
correlations between the 13 corresponding dimensions (see Table 4.1, printed in bold type).
Mean correlations measured with VASs (M = .48, SD = .10) were higher than correlations
with the 5-point scales (M = .41, SD = .11). This difference is marginally significant and has a
large effect size, F(1, 25) = 3.41, p = .077, n* =.125.

Correlations Between Distinct Dimensions. If VASs produced higher correlations in
general, not only with corresponding dimensions but also with unrelated dimensions, this
would be an undesired effect (e.g. always just clicking in the middle of a rating scale would
have produced high correlations between all dimensions). Thus, we computed the mean cor-
relations for all unrelated dimensions (see Table 4.1, printed in regular type). Mean correla-
tions between unrelated dimensions of the construct style were zero measured with VASs (M
=.00, SD = .21) and nearly zero with the 5-point scales (M = -.01, SD = .17).
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Table 4.1

Correlations Between Dimensions for VASs and 5-Point Scales

Dimension 1 2 3 4 5 6 7 8 9 10 1 12 13

VASs (n = 115)

1 A7 07 -23* -20* -31** -20* .18 -15 .25 .08 -23* -11 -05
2 43* 18 13 -19* -10 .06 -21* -29** 02 46* .16 .04
3 .63* 10 .36** .18 -.30** .26** -.35* -25* 35 -09 .09
4 A46**  39**  38* -32%* 26* -02 -10 .19* .20* -.31**
5 A46**  36** -.36** .33* 19* -01 -17 .14 -04
6 .54** -36** 24** 18 -14 -21* .01 -18
7 .60** -18* -11 -09 .11 -14 19*
8 .36** 07 .01 -15 .05 .08
9 .56** .00 -.46** -20* .00
10 .34* 02 .38* -10
11 .64* 15 .02
12 .40** -.01
13 .39**
5-point scales (n = 115)
1 A46**  25** -30** -37** -27* -11 20* -11 22 13 -15 .00 -.04
2 35** 01 -11 -01 -15 -07 .00 -16 .20* .20* .38 .08
3 .44* 26 09 -03 -16 .05 -34**-06 .32** 05 .11
4 .44* 18 14 -32* 13 -18 -02 .09 -08 .05
5 33 24 35 21* -02 -15 .07 .01 -05
6 46** -24** 16 10 -13 -15 -10 -.21*
7 .48** -21* 06 -08 -03 -12 -.01
8 A7 .04 -.25"* -.01 .02 -05
9 .58* 12 -26** -06 -.14
10 .33** -.08 .28* .00
11 .53 18 .14
12 39* 17
13 .32%*

Note. Correlations between corresponding dimensions are in bold type.
*Correlation is significant at the .05 level (two-tailed). **Correlation is significant at the .01 level (two-
tailed).

4.5.6 Response times

In contrast to a laboratory setting, there can be multiple sources of participant distraction in

Web surveys not related to the study (e.g. incoming phone calls). We decided to remove all
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unreasonably high response times from analyses and identified outlier as proposed by Tukey
(1977): Within every experimental condition, all response times lower than 25" percentile mi-
nus one and a half times the interquartile range were omitted as well as times higher than
75" percentile plus one and a half times the interquartile range. For further analyses only re-
spondents with moderate response times on both pages were considered, resulting in 33 re-
spondents (15 with VASs and 18 with 5-point scales) that were excluded from analyses of

response time.

With the first semantic differential completion with VASs (M = 66.4 seconds, SD = 19.4) did
not take statistically longer than completion with 5-point scales (M = 62.7 seconds, SD =
20.0). On the second page, the absolute difference was even lower: M(VAS) = 48.9 seconds
(SD = 13.9), M(5-point) = 47.8 seconds (SD = 14.1).

4.6 Discussion

VASs allow respondents to communicate subjective values more exactly than radio button
scales. This advantage should be especially valuable with semantic differentials, the prime
method for assessing multiple dimensions of one construct on a single (Web) page. Aim of
this study was to test if the theoretical advantages of semantic differentials made from VASs

in comparison to semantic differentials made from 5-point scales hold in a Web experiment.

4.6.1 Decision making processes

We considered the response times and frequency of adjusting responses to infer on decision
making processes. VASs had a clear positive influence on the number of changes. Ratings
with VASs were modified around twice as often as with 5-point scales. In line with our hy-
pothesis, respondents indeed made use of VASSs’ fine gradations. Are more adjustments with
VASs an indicator for deeper cognitive processing? In contrast to our expectations, we found
no difference in response times. Regardless of the available rating scale respondents seem
to be willing to invest a certain amount of time for dealing with the task of answering the
items in a semantic differential. With discrete 5-point scales’ limited number of response op-
tions and the problem of shared ranks this time is likely to be used for formatting the answer,
i.e. to find the best fitting response option. In contrast, with continuous VASs respondents do

not have to bother about restrictions of the rating scale. Instead they use the time to maxi-
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mize the precision of the given answers. This process of maximizing efforts should find ex-

pression in data quality.

The indicator for data quality we used was the correlation between style of furnishing and
style of clothing. Our reasoning is that both domains of style should be highly correlated as
influenced by the same general factor. A superior measurement should lead to high correla-
tions between corresponding dimensions of style and to no correlations between distinct di-
mensions. Indeed, correlations between corresponding dimensions were significantly higher
with VASs in comparison to 5-point scales. Correlations between distinct dimensions are
around zero for both scales. We take these findings as indicator that measurement with

VASs has a beneficial influence on data quality.

4.6.2 Mean ratings and non-response

Overall, mean ratings are hardly affected by the rating scales we tested, the absolute differ-
ence was very small. This is in line with a large body of literature on VASs yielding the same
mean score as ordinal scales (e.g. Averbuch & Katzper, 2004; Flynn et al., 2004; for Web-
based research see Couper et al., 2006; Funke & Reips, 2010). We found statistically signifi-
cant differences only for two out of 26 items, which can be attributed to chance. Additionally,
effect size was small, showing that the type of rating scale explains less than two percent of
the variance (for comparison: we found a statistically significant effect of gender on twelve

items explaining between three percent and ten percent of the variance).

Regarding general indicators of data quality — dropout, lurking and item nonresponse — our
results show no statistically significant differences between rating scales. There is — in con-
trast to Couper et al. (2006) — a tendency for less item nonresponse with VASs, which may

be owed to the low-tech implementation of VASs in the study presented.

4.7 Conclusion

For the first time, the present study compared semantic differentials made up from either
VASs or ordinal scales. VASs are suited to (literally) draw an accurate picture of all dimen-
sions of the construct being measured. In contrast, ratings with 5-point scales are troubled by
shared ranks and the low degree of differentiation between dimensions. We consider the re-

sults reported as encouraging for using VASs with semantic differentials. Further research
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with eye tracking (e.g. Galesic, Tourangeau, Couper, & Conrad, 2008) or the User Action
Tracer technique (Stieger & Reips, in press) could help understanding the exact way ratings
are made with semantic differentials. Our recommendation is to go back to the historical

roots and to use VASs for Web-based data collection with semantic differentials.
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5 Sliders for the Smart: Type of Rating Scale on the Web Interacts
With Educational Level”

Slider scales and radio buttons scales were experimentally evaluated in horizontal and verti-
cal orientation. Slider scales lead to statistically significantly higher break-off rates (odds ratio
= 6.9) and substantially higher response times. Problems with slider scales were especially
prevalent in participants with less than average education, suggesting the slider scale format
is more challenging in terms of previous knowledge needed or cognitive load. An alternative
explanation, fechnology-dependent sampling (Buchanan & Reips, 2001), cannot fully ac-
count for the present results. The authors clearly advise against the use of Java-based slider
scales and advocate low-tech solutions for the design of Web-based data collection. Orienta-
tion on screen had no observable effect on data quality or usability of rating scales. Implica-

tions of item format for Web-based surveys are discussed.

5.1 Introduction

Participation in a survey is a special kind of indirect communication between respondent and
researcher. As in self-administered studies no interviewer is present to provide situational
clarification aids, respondents use various elements in a questionnaire as cues to infer fur-
ther information from. In turn, questionnaire design elements and rating scales can be used
to help respondents to understand a question in a certain desired way, reducing the variance
of perceived question meaning and increasing the data quality. In this paper we focus on rat-
ing scales and spatial orientation as a means of design in a Web-based questionnaire (e.g.
Couper, 2008; Dillman, Smyth, & Christian, 2009; Reips, 2000), and how the design may in-

teract with respondent variables such as education (Buchanan & Reips, 2001).

5.1.1 Design effects and Web-based research

Questionnaire layout and graphical design (for an overview see Dillman et al, 2009; Lyberg
et al., 1997) can have a considerable impact on data quality and substantive answers in both

paper-based questionnaires and Web surveys (e.g. Christian, Dillman, & Smyth, 2005; Cou-

*'This chapter is based on a presentation given at the 36" Annual Meeting of the Society for Comput-
ers in Psychology, Houston, TX, on November 16, 2006. It has been accepted for publication as:
Funke, F., Reips, U.-D., & Thomas, R. K. (in press). Sliders for the smart: Type of rating scale on the
Web interacts with educational level. Social Science Computer Review.
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per, Tourangeau, Conrad, & Singer, 2006; Couper, Traugott, & Lamias, 2001; Reips, 2010;
Tourangeau, Couper, & Conrad, 2004, 2007). Rating scales can affect data quality regarding
mean ratings, distribution of answers, response time, or item nonresponse (e.g. Couper,
Conrad, & Tourangeau, 2007; Healey, 2007; Heerwegh & Loosveldt, 2002; Krosnick, 1999;
Krosnick & Fabrigar, 1997; but see Reips, 2002a). Especially Web-based questionnaires are
prone to involuntary changes in design (e.g. leading to a nonlinear format, see Christian,
Parsons, & Dillman, 2009). These changes mainly occur because of a considerable amount
of variation of different hardware and software on the developers’ and the respondents’ side
(Schmidt, 2007). Consequently, a robust low-tech implementation — where serious differ-

ences are less frequent — is the method of choice (Reips, 2002b, 2006).

5.2 Experimental manipulation

To gain more information about how rating scales and their design influence data and data
quality, we conducted a 2 x 2 Web experiment (see Reips, 2007). Firstly, we manipulated the
spatial orientation of the rating scale on the screen. Secondly, we tested two different rating
scales, a slider scale and a common radio button scale (see Figure 5.1). Furthermore, we

looked at high versus low level of education.
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Figure 5.1. Rating scales used in the experimental conditions in Study 1: radio buttons (A and B) and

slider scales (C and D) in horizontal (A and C) and vertical (B and D) orientation.
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5.2.1 Factor 1: Horizontal versus vertical orientation on screen

Graham (1956) compared horizontal and vertical rating scales and found "shape of the visual
field and the relative ease of moving the eyes from side to side, rather than up and down, are
thought to account for the greater accuracy on the horizontal scale" (p. 157). Changes in the
orientation of graphical rating scales were examined by Downie et al. (1978) as well as by
Scott and Huskisson (1979) in paper-based questionnaires. Both compared horizontal and
vertical visual analogue scales — graphical rating scales that are somewhat similar to slider

scales — in within-subjects designs and found high correlations between both scales.

There is only little research in Web-based studies dealing with vertical or horizontal design,
but it is mostly limited to close-ended questions (e.g. Smyth, Dillman, Christian, & Stern,
2006) or fully-anchored rating scales rather than end-anchored scales. Vertical rating scales
may be especially interesting for mobile Web surveys (see Fuchs, 2008), as most mobile In-
ternet devices (e.g. smart phones) have an upright display that may not display horizontal
scales without scrolling. Vertical rating scales on displays in horizontal orientation (and vice
versa) could bias results, as response options that are directly visible are preferred to re-

sponse options only visible after scrolling (Couper, Tourangeau, Conrad, & Crawford, 2004).

5.2.2 Factor 2: Slider scale versus radio button scale

Levels were either a simple ordinal rating scale, realized with HTML radio buttons, or a slider

scale programmed in Java. Both scales provided seven discrete values.

Slider scales are graphical rating scales not available for self-administered paper and pencil
interviews because a slider has flexible parts that cannot be printed in a questionnaire. In our
case the slider handle was initially positioned in the middle of the rating scale. In contrast to
radio buttons scales — on which the appropriate answer is chosen by a single click — ratings
with slider scales may be more demanding and require more hand-eye coordination: Re-
spondents have to move the mouse pointer to the slider, then click and hold the mouse but-

ton, move the slider to the desired position, and release the mouse button.

An inherent problem with slider scales is the initial positioning of the handle, which could in-
fluence the probability of choosing the pre-selected value, resulting in biased estimates (e.g.
if respondents interpret it as a typical judgment or the most desired answer). Even if the han-

dle is initially positioned outside the scale anchoring effects could occur. Additionally, if the



5 Sliders for the smart 106

handle is placed at the position of a valid answer option attitude and non-attitude cannot be

distinguished.

Slider scales cannot be programmed in plain HMTL, more sophisticated programming (e.g.
Java, JavaScript, Flash) is necessary. Client-side availability of the respective technology
determines if a slider scale can be used or not. If a technology is not available in the respon-
dent’s browser it can result in item nonresponse, transmission of a default or invalid value, or

even in respondents dropping out of a study (Buchanan & Reips, 2001).

Arnau, Thompson, and Cook (2001) compared an unnumbered slider scale with a 9- point
radio button scale. The slider scale was programmed in Java like the slider used in this
study, but in contrast it provided 100 discrete values. They found that the rating scale did not
change the latent structure of responses and recommended the use of low-tech radio but-

tons.

5.3 Method

5.3.1 Participants

The study reported was embedded in a survey on health-related products and fielded from
December 6 to December 31, 2001. Of the 2596 respondents who started the survey, 2340
(90.1%) reached the experimental section. Respondents’ software was scanned for techno-
logical requirements (Microsoft Windows as operating system, Internet Explorer version 5.0
or higher as the actual browser, and Java installed). Of the 2340, 1926 participants (82.3%)
met the required technological criteria and were randomly assigned to two independent ex-
periments. In this paper we only refer to the experiment described above. Overall, we ob-
tained a net sample of 779 cases (see Table 5.1) and a response rate within the experiment
of 97%. Slightly more participants were male (50.8%) and the mean reported age was M =
43.0 (SD = 13.6) years.

Formal Education. All but seven respondents (99.1%) provided information on their edu-
cation. We recoded the reported education according to the International Standard Classifi-
cation of Education (ISCED, see United Nations Educational, Scientific and Cultural Organi-
zation, 1997) into two groups: Below ISCED 5A — ISCED 5A is considered as higher educa-
tion and roughly starts with college degree, e.g. B.A. or B.S. — and ISCED 5A or higher.
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Table 5.1

Assignment to Experimental Conditions

Alignment
Rating scale Horizontal Vertical Overall
Slider scale 25.3% (n =197) 24.9% (n =194) 50.2% (n = 391)
Radio button scale 23.7% (n = 185) 26.1% (n = 203) 49.8% (n = 388)
Overall 49.0% (n = 382) 51.0% (n =397) 100% (N =779)

5.3.2 Procedure

The experimental treatment followed the presentation and evaluation of two abstract product
concepts — boost (“increase both mental and physical energy for up to 3 hours”) and soothe
(“relax a person for up to 3 hours”) — and appeared late in the questionnaire (mean duration
of participation before the experiment M = 9.7 minutes, SD = 6.8). Both concepts were pre-
sented on a single Web page, counterbalanced for order. Ratings with radio button scales
were mandatory. With slider scales the value of the middle category was submitted if re-

spondents proceeded to the next page without changing the position of the handle.

5.4 Results

5.4.1 Break-off

Overall, 3.0% (n = 23) of the respondents quit participation during the experiment (see Table
5.2). Most of the break-off occurred in the slider scale condition, x*(1, N = 779) = 12.81, p <
.001, odds ratio = 6.92.

Break-Off and Formal Education. Within the group of respondents with a low formal
education the probability for dropping out was higher with slider scales than with radio button
scales, X%(1, N = 451) = 5.89, p = .018, odds ratio = 5.45. When only looking at the group of
respondents with a high formal education, Fisher’s exact test did not detect any difference in
break-off between slider scales and radio button scales, (1, N = 321) = 1.66, p = 1.000.
Spatial orientation did not statistically significantly impact break-off rate in any condition (see
Table 5.2).
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Table 5.2
Break-Off Within Each Condition, Overall, and per Formal Education

Rating scale Dropout

No dropout

Overall

Slider scale — horizontal 5.6% (n=11)?

Slider scale — vertical 4.6% (n=9)°
Radio button scale — horizontal 1.6% (n = 3)?
Radio button scale — vertical 0.0% (n=0)°
Total 3.0% (n = 23)
Education < ISCED 5A
Slider scale — horizontal 4.9% (n=5)
Slider scale — vertical 4.3% (n = 5)°
Radio button scale — horizontal 1.8% (n=2)
Radio button scale — vertical 0.0% (n =0)°
Total 2.7% (n=11)
Education = ISCED 5A
Slider scale — horizontal 2.2% (n=2)
Slider scale — vertical 27% (n=2)
Radio button scale — horizontal 1.3% (n=1)
Radio button scale — vertical 0.0% (n=0)
Total 1.6% (n=5)

94.4% (n = 186)
95.4% (n = 185)
98.4% (n = 182)

100.0% (n = 203)
97.0% (n = 779)

95.1% (n = 98)
95.7% (n = 112)
98.2% (n = 107)

100.0% (n = 122)
97.3% (n = 439)

97.8% (n = 88)
97.3% (n = 73)
98.7% (n = 75)

100.0% (n = 80)

98.4% (n = 5)

Note. Means with the same superscript differ statistically significantly according to chi-square
tests/Fisher’s exact test, only comparisons between same type of scale or same alignment were com-

puted.
4%y < .05. °p <.001.

Further analyses of response times and responses are based on the remaining 756 complete

cases.

5.3.2 Task duration

Before analysis of response time (e.g. Heerwegh, 2003), we removed all outliers within each

group according to Tukey’s (1977) definition: Response times lower than the first quartile mi-

nus 1.5 interquartile ranges or higher than the third quartile plus 1.5 interquartile ranges were

excluded. Overall, we disregarded 6.7% of response times for these analyses resulting in
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704 cases. Neither type of rating scale nor spatial orientation had a statistically significant

association with respondent exclusion, x*(3, N = 756) = 1.79, p = .616.

Table 5.3
Mean Task Duration (SD) in Seconds by Condition, Outlier Excluded

Alignment
Rating scale Horizontal Vertical Overall
Slider scale 33.1 (11.8) 37.8 (14.7) 35.4 (13.5)***
Radio button scale 14.2 (5.5) 17.3 (5.9) 15.8 (5.9)***
Overall 23.7 (13.2)**  26.9 (15.0)**  25.3 (14.2)***

***p <.001

Task duration (see Table 5.3) was considerably higher with slider scales than with radio but-
tons, F(1, 703) = 638,23, p < .001, n? = .48. Ratings on horizontal scales took statistically
significant less time to complete than on vertical scales, but the effect size was small, F(1,
703) = 8.81, p = .003, n?=.01. No significant interaction between scale and spatial orienta-
tion occurred, F(1, 703) = 1.02, p = .313.

We analyzed the influence of spatial orientation separately within each condition because the
bulky Java technology needed for the slider scales was likely to increase response times. In
comparison to vertical alignment completion took less time with horizontal slider scales, F(1,
341) = 10.41, p = .001, n? = .03, as well as with horizontal radio button scales, F(1, 362) =
26.70, p < .001, n? = .07.

5.3.3 Content of responses

Mean Ratings. Table 5.4 shows the mean ratings of both concepts. Slider scales lead to
higher ratings for measurement of both concepts. The difference was statistically significant
for boost, F(1, 754) = 7.48, p = .006, n? = .01, but not for soothe, F(1, 754) = 3.17, p = .076.
Spatial orientation did not have a statistically significant influence on ratings, neither for
boost, F(1, 754) < 1, ns, nor for soothe, F(1, 754) = 2.85, p = .092.
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Table 5.4

Mean Ratings (Standard Deviations) per Condition

Alignment

Rating scale Horizontal Vertical Overall

Concept boost

Slider scale 4.2 (2.0) 4.2 (2.0)° 4.2 (2.0)°
Radio button scale 3.8(1.9) 3.8 (1.9) 3.8(1.9)°
Total 4.0 (2.0) 4.0 (2.0) 4.0 (2.0)

Concept soothe

Slider scale 4.4 (2.0) 4.2 (2.1) 4.3 (2.0)
Radio button scale 4.2 (1.7) 4.0 (1.8) 4.1 (1.8)
Overall 4.3 (1.9) 4.1(1.9) 4.2 (1.9)

Note. 1 = very negative, 7 = very positive. Means with the same superscript differ statistically signifi-
cantly.
°p < .05.°p < .01

Mode. We found only small differences in mode values between slider scales and radio but-
ton scales. For measurement of the concept boost the mode is shifted one category to the
positive end (right respectively bottom) of the scale with slider scales (category 6 instead of
5). Within each scale spatial orientation does not matter. Measurement of soothe leads to the
same mode (category 6) for all rating scales but radio button scales’ mode is shifted two

categories to the negative (left respectively top).

Distribution of Values. Overall, rating scale has an impact on the distribution of values
(see Figure 5.2) for boost, x%(6, N = 756) = 17.58, p = .007, as well as for soothe, x*(6, N =
756) = 23.62, p = .001. Alignment had neither an influence for the distribution of boost, x*(6,
N = 756) = 3.71, p = .716, nor for soothe, x*(6, N = 756) = 10.38, p = .110. As standardized
residuals suggest, especially differences in the middle response option make a major contri-

bution to the overall difference between rating scales (see Figure 5.2).

Use of Middle Category. For concept boost, 10.5% selected the middle category with
slider scales, whereas 15.8% gave a middle rating with radio button scales, x*(1, N = 756) =
4.68, p = .031, odds ratio = 1.60. Results for measurement of the concept soothe are compa-
rable: 11.6% chose the middle category with slider scales and 21.0% with radio button
scales, x*(1, N = 756) = 12.30, p < .001, odds ratio = 2.03. Spatial orientation did not matter
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regarding the use of the middle category for both concepts, neither within nor between
scales.

25 4 [ Slider Horizontal
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O Radio Buttons Horizontal ]

M Radio Buttons Vertical —
20 A
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|
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25 1 O Slider Horizontal
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20 - -
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]

B Very Negative Category Very Positive

Figure 5.2. Distribution of values for measurement of concept boost (A) and concept soothe (B).

5.5 Summary

We compared Java-based slider scales and HTML radio buttons in horizontal versus vertical
orientation in a Web-based questionnaire. Analyses were conducted both within the factor

rating scales and within the factor spatial orientation. No interactions were observed at all.
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5.5.1 Slider scales versus radio button scales

Break-Off and Education. The number of participants breaking off a study is a main indi-
cator for task difficulty or technical problems and can be a major source of bias. Overall,
slider scales produced about seven times more break-offs than radio button scales. We ob-
served a strong relation between low formal education — a simplistic proxy for cognitive abili-
ties — and break-off. This difference resonates well with the study by Buchanan and Reips
(2001), where education and personality traits also interacted with technology to explain non-
response behavior. The present results suggest that certain formats are more challenging in

terms of previous knowledge needed or cognitive load.

Response Time. In the present study we take a longer duration not as an indicator for
deeper cognitive processing but for problems on the stage of formatting the answer on the
available rating scale (see Sudman, Bradburn, & Schwarz, 1996). Slider scales lead to a sig-
nificant increase of response time with a very large effect size, regardless of respondent’s
level of formal education. This finding is in line with Couper et al. (2006) who found substan-
tially higher response times with Java-based visual analogue scales (see Reips & Funke,
2008). It remains inconclusive if technical reasons (e.g. loading time of the Java applet) or if
the different and more demanding handling of the slider account for the main share of vari-

ance in response times.

Distribution of Values. In comparison to measurement with radio button scales fewer re-
spondents chose the middle category with slider scales for both evaluated concepts. This is
especially remarkable as the center category was pre-selected with slider scales and if re-
spondents proceeded with the questionnaire without changing the position of the slider this
was treated as an answer of middle intensity. There are two contrasting post-hoc explana-
tions for this. Either the respondents thought that the middle position was no valid choice and
treated the scale not like a 7-point scale but like a 6-point scale. Or they felt forced to com-
municate an attitude tending toward one extreme. With the present data this issue remains
inconclusive but it illustrates that making ratings on slider scales substantially differs from

making ratings with radio button scales.

Central Tendency. We observed small upward shifts of mean ratings for measurement
with slider scales in comparison to radio button scales. The difference, however, reached
statistical significance only for one out of two items and the effect size was low, i.e. roughly

half of a point on the 7-point scale. The consistently higher ratings with slider scales could be



5 Sliders for the smart 113

the effect of respondents being reluctant to use the middle category and instead choosing a

higher category.

5.5.2 Horizontal versus vertical alignment

The only observable effect of changing alignment of rating scales was that judgments on ver-

tical scales took slightly longer on average than ratings on horizontal scales.

5.6 Conclusions

5.6.1 Keep scales simple

Possible anchoring effects, more demanding usage in terms of cognitive effort for scale ad-
ministration, as well as problems with identifying non-attitudes and the initial position of the
slider are serious negative scale characteristics of slider scales. These restrictions likely
cannot be compensated for by a better technological implementation. Additionally, we found
empirical evidence for higher response times and a higher break-off rate with respondents
with a low formal education, which disqualifies slider scales for being used as rating scale.
As these disadvantages outweigh the potential advantages by far the authors clearly advice
against the use of Java-based slider scales in general. Less demanding techniques following
a low-tech paradigm should be used whenever possible (see Reips, 2002b). HTML radio but-
tons should be used for to measure ordinal concepts and visual analogue scales for interval
concepts (Reips & Funke, 2008).

5.6.2 Twist without risk

Overall, it seems that horizontal and vertical layout can be substituted mutually broading the
possibilities for the layout of Web surveys without running the risk of negatively affecting the
measurement process. This may be especially valuable for mobile Web surveys on handheld

devices like cellular phones, where small screens require a careful use of space.
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ferences and workshops between 2005 and 2010. Slides are available on the author’'s Web

site (http://frederikfunke.de) or on request.
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The following posters are also available on the author's Web site (http://frederikfunke.de) or

on request.
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Funke, F., & Reips, U.-D. (2006a, March). Visual analogue scales

zation by transformation with reduced extremes. Poster session presented at the 8" an-

nual General Online Research (GOR) conference of the German Society for Online Re-

search (D

.G.O.F.), Bielefeld (Germany).
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Appendix B

Reips, U.-D., & Funke, F. (2006b, November). Visual analogue scales for Internet-based re-

ion presented at the 36" annual conference of the

in Psychology (SCiP), Houston, TX (USA).
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Funke, F., & Reips, U.-D. (2007, September). New types of measurement in Internet-based
research. Poster session presented at the 10" congress of the Swiss Society for Psy-
chology, Zurich (Switzerland).

New types of measurement in Internet-based research

Frederik Funke & Ulf-Dietrich Reips (University of Zurich)

University of Zurich

As examples for the many different new developments in the field of Internet-based research, we describe two types of measurement in self-
administered questionnaires, visual analogue scales and dynamic lists. Whereas the former are well-known from paper-based questionnaires, the
latter are a truly genuine Web methodology. What applies to both is that only with the transition to Web the surveying of large samples is feasible.

Type 1: visual analog scales — measurement on the level of an interval scale

Visual analog scales (VAS) are rating scales, used in self-administered questionnaires in paper and pencil | [© 00 Visualanalogue Scale for intemet-Sased Research
studies as well as in computerized laboratory settings. Respondents can adjust the extent of the attitude,
judgment, or impression being measured by clicking on the horizontal line between the verbal descriptors of the
extremes. VAS are considered a reliable instrument for valid measurements. Automation in combination with a
Web interface allows the fast and precise readout of data (see Figure 1). A free Web service (maintained by the
authors) to create, test and download VAS for one’s own studies is available at http://www.vasgenerator.net.

oo 50 pixel !Bsg‘" -

% _::::: / A Empirical test of interval level measurement Figure 1. Automatic readout of VAS

801 - -tuevalues 40 To test if respondents use the scale in the intended way, so that data are on the desired level of an
interval scale, we conducted a Web experiment with an Internet sample of 255 students. There were
three different length conditions, one regular (200 pixels) and two extreme (50 pixels and 800 pixels),
see lines below. Participants were instructed to repeatedly identify 13 target values on a VAS. As
crucial indicators for interval level we checked for difference from true value and for equidistance, i.e.
even numerical difference between values correspond with even distances on the scale.

Findings

Figure 2 shows the relation between target values and average ratings. On average the difference to a
linear relationship was at 3.2 percentage points, ranging from 2.8 for the medium VAS to 3.9 for the
shortest VAS. Because equal numerical intervals corresponded to roughly equal segments on the
1 VAS and only minor aberration from true values was found across the scale even for extremely short
S0 2 ™ @0 %0 © & 58 0 and extremely long VAS, there is strong evidence that data collected with VAS are equidistant and on

targetvaluo the level of an interval scale. Therefore, a wide range of statistical procedures can safely be applied
Figure 2. Equidistant data obtained with VAS ~ when analyzing data measured with VAS (see Reips & Funke, in press).
- 50 pixels =
200 pixels
800 pixels

Type 2: dynamic lists — filtering closed-ended questions on the fly

Dynamic lists (Figure 3) assist respondents with finding the appropriate answer in closed-ended questions with many possible values. With dynamic
elements, the respondent is guided through a hierarchical answering process, on a single Web page. The answering process is broken down into
multiple steps. On load of the Web page only a very general choice is requested from the respondent. Immediately afterwards, further possible
choices on the next, more specific level appear. Finally, after the second choice the final, very specific choices appear.

Web experiment

[Akonotreie Heifgetrinke
Getrinke Espresso Kaffoo Schwarzer Teo
Frichistee MichKakao anderes HeiRgerrank

In an experimental design with
three conditions we compared a
dynamic list with conventional
multi-page filtering (each level
is presented on a separate Web
page; Figure 4) and no filtering
at all (i.e. all possible values
were presented on a single
page; Figure 5). In each
condition respondents (n = 252)
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Findings
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The most general finding is that
dynamic lists work: we did not
observe negative effects in the Figure 3. Condition 1: dynamic ~ Figure 4. Condition 2: multipage Figure 5. Condition 3: no filtering on a
form of an increase of item list on a single Web page filtering on 3 separate Web pages single Web page

nonresponse  or  dropout.

ocuail Grog Shooter
FishBalloys Cofleo Longarink sonstiges akoholisches

Furthermore, dynamic lists combine the advantages of knowing all choices with the speed of multipage filtering.
Regarding response time (see Figure 6) we found the time needed to answer the question to be significantly higher
than conditions 1 and 2 (p <.001) when all choices were presented on a single Web page (condition 3: M = 52 sec,
SD = 25 sec). The variance was also larger, W(1, 171) = 5.072, p < .05, possibly indicating more difficulties with
this format. The difference between dynamic list (condition 1: M =33 sec, SD =20 sec) and multipage filtering
(condition 2: M =31 sec, SD =9 sec) was not statistically significant. Regarding the variety of answers we found
that answers from the condition without filtering — where a deliberate choice could take place, as all possible
answers were evident — resembled more the answers obtained with dynamic lists than with multipage filtering (see
Funke & Reips, 2007). Thus, dynamic lists perform best regarding both, data quality and respondents burden
Figure 6. Response times (operationalized through response time).

Conclusion: Internet-based research expands methodological possibilities

As our examples show, new types of online measurement have the potential to improve data collection in speed, accuracy, data quality, and
respondents burden. However, as previous research (e.g. Dillman, 2007) has shown, one has to be cautious when implementing new methods, as
even minor changes can have a significant influence on data.
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Funke, F., & Reips, U.-D. (2008, March). Differences and similarities between visual ana-
logue scales, slider scales and categorical scales in Web surveys. Poster session pre-
sented on the 10™ annual General Online Research (G.0.R.) conference of the German
Society for Online Research (D.G.O.F.), Hamburg (Germany).
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Difference and Correspondences Between
Visual Analogue Scales, Slider Scales and Radio Button Scales in Web Surveys

Research interest

We conducted a Web experiment to compare data and paradata from three scales (see Figure 1) for answering closed-ended
questions in self-administered Web questionnaires: visual analogue scales (VAS), slider scales (SLS) and radio button scales
(RBS). VAS are nearly continuous measurement instruments, each pixel is
clickable and results in a raw value. In contrast, RBS only provide a limited
number of categories. As we know from previous research, data from VAS
reach the desired level of an interval scale (Reips & Funke, in press) and there

I'am not interested in abstract ideas.

very Vi very

nappropriate appropriate

Do not want to answer. is a systematic difference between the scales (especially concerning the
. extremes; see Funke & Reips, 2007). SLS are an in-between answer format.
1 accept people as they are. They are visually similar to VAS, but functionally more similar to the RBS. Do

the scales have a different influence on data collection and data quality? Does
nappropiae F—H——+—*%—— =¥+ | usage follow function or appearance?

Do not want to answer.

Design

1 keep in the background. . . . o
Respondents of a 40 item personality inventory (validated for Internet usage by

—_— i Hartig, Jude, & Rauch, 2003) were randomly assigned to either a VAS with 250
possible values, an SLS with 5 discrete values, or a 5 point RBS. Directly after
DG Wan & ansvier. load neither scale provided an initial marker (with VAS and SLS the marker

appeared after the first click on the scale). The VAS used in this survey could
only be clicked (just as the RBS) whereas the SLS' marker could be clicked or
slid but its final position was limited to the indicated discrete values.

Figure 1. Scales compared in this study:
VAS, SLS and RBS (from top to bottom)

Empirical dat
pirical data Table 1. Indicators for data quality

As shown in Table 1, completion rate and missing data were not

. gr N - . Indicator VAS SLS RBS Total
statistically significant different for the three answer formats, but there Paradata
. R Completion rate® 97% 95% 94% 96% n.s.
was a tendency that VAS performed better on these indicators than | n (etsampley 107 87 88 262

. . . M data rate® 0.6% 0.9% 0.9% 0.8% n.
SLS and RBS (in contrast to findings by Couper, Tourangeau, Conrad, | vean responts tims per tem in "

& Singer, 2006). As expected (see Couper et al., 2006) response time saconds {Sop T3@0) 65(19) 65015 eauer
i i i Central tend
was hlgher Wlth VAS than with RBS. i X M (SD) for all 40 items 2.83”((?17?“2.320({;.16) 2.92 (0.20) 2.89 (0.18)**
Means were different, F(2, 279) = 5.67, p = .004, with VAS measuring N
) . est-retest reliability®
lower mean scores. We were able to determine test-retest reliability | r(etsampie) 32 23 27 82

. T - f— A Mean reliability for all 40 items .88 82 83 84
with a smaller sample and found a statistically significant difference | serious respondents only. "Serious and compiete respondents only. “Adjustment:

between the scales, V(2, 3280) = 35.7, p<.001, with VAS producing  fearie rses s ramms e s o o 5 o v
the highest reliability scores. st i

Finally, we compared the distributions of values. Therefore we

transformed data from VAS into 5 categories consisting of equal data
intervals (see Figure 2). Our finding: SLS and RBS are used in a
similar way, the distribution of VAS' frequencies differs substantially.

Conclusion

Mean Percentage

It makes a difference if VAS, SLS or RBS are used. Function is more
important than appearance: even though SLS look more like VAS,
they are used like RBS regarding data quality and distribution of
values and we found no benefit in employing SLS. Confirming our I
previous finding on VAS’ superior data level (Reips & Funke, in press), inapprprate Category wooprate
VAS again turn out to be the better scales. Present evidence shows
them to be advantageous regarding dropout, missing data,
and reliability of measurement. Drawing a line between discrete categories (as with SLS) is not enough. Superficial changes
in appearance do not substitute for the power of a continuous measurement device like the VAS.

Figure 2. Comparison of frequencies
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Funke, F., & Reips, U.-D. (2010a, April). Better measurement with visual analogue scales: A
Web experiment. Poster session presented at the first joint meeting of the Experimental
Psychology Society (EPS) and the Spanish Experimental Psychological Society
(SEPEX), Granada (Spain).
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Problem: Formatting Error with Ordinal Scales

Whenever ordinal rating scales are used to measure
continuous latent variables then the data are affected
by formatting error. Formatting error leads to seriously
problematic effects: Confidence intervals widen,
statistical power is reduced, and small effects cannot
be observed. Figure 1 illustrates formatting error e

occurring with a 5-point scale and a normally . . o . .

distributed data set for the middle category. Figure 1. Formatting error e with normally distributed

Figure 2. Expected formatting error with 3 to 12 latent variable and 5-point scale.
categories and differently distributed data sets;

expected formatting error for VASs is always zero The more options the better? We used simulated

normally distributed data sets with different means and
different dispersions to compute the expected
formatting error. Figure 2 shows the extent of
formatting error not only to depend on the number of
categories. It is determined by an interaction between
the number of response options and the distribution of
values. Thus, sometimes more categories result in
more error. Particularly with a small number of
response options the risk of running into substantial
formatting error is evident, because the exact
distribution of values can only be known after the data
imbercfCagetes collection.

Formatiing Error (Percentage Points)

Solution: Visual Analogue Scales Testedina Web Experiment

Visual analogue scales (VASs) are continuous rating scales (e.g. Hofmans & Theuns, 2008; Reips & Funke, 2008)
that can easily be implemented in computerized data collection (Figure 3), e.g. with http://vasgenerator.net. From a
theoretical point of view VASs have — regardless of the distribution of values — an expected formatting error of zero as
there is a perfectly matching response option for every point on the continuous latent variable.

We conducted a Web experiment (e.g. Reips, 2007)

with a within-subjects design where respondents (N =

265) were randomly assigned to VASs, 5-point, 7-point \h*

or to 9-point scales. We took the mean standard error

of the mean (SEM) as a proxy for the formatting error Figure 3. VAS for computerized data collection.
for each of 58 items in a questionnaire.

We found SEM with VASs (M = 3.47, SD = 0.40) to be lower in comparison to 5-point scales (M = 3.86, SD = 0.49) ,
F(1, 115) = 21.55, p < .001, n? =.16, to 7-point scales (M = 3.69, SD = 0.39) , F(1, 115) = 8.95,
not statistically significantly lower in comparison to 9-point scales (M = 3.56, SD = 0.41), F(1, 115) =1.56, p = .

Conclusion and Recommendation

VASs should be taken advantage of for measurement of continuous latent variables, resulting in less error and more
statistical power in comparison to ordinal scales. Benefits: (1) small effects can be observed or — if larger effects are
to be measured — sample sizes can be reduced; (2) data obtained with VASs rather than with ordinal scales can be
recoded more flexibly, thus (3) allowing many more statistical analyses than with data from ordinal scales.
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Formatting Error

"""""""" Continuous Latent Variable's True Score :;m_w

..is the difference between true score and L i J
reported value; it occurs when ordinal rating Within Respondent ;
scales are used to measure continuous latent Repured i Q‘ A
variables (see Figure 1) 5-Point Scale: | (o = @ o

= "

.. lowers statistical power, raises the needed - ; Formatting EFTO s poin'= 50 = 412 +9
number of cases, and makes small effect sizes 7-Point Scale: | (o« ™ @ o) ) o
unobservable i—{ Formatting Error r.pon=33 - 41= -8

— expected formatting error with visual analogue 9-Point Scale: | ‘o w0 (e 318< ) @ @
scales (VASs; e.g. Couper et al., 2006) is zero ._. Formatting Error .ot = 38 - 41 = -3
Visual Analogue v
Scale: “NFormatting Error vas = 41 - 41 =0

Web Experiment
Figure 1. Formatting error occurring when
measuring continuous latent variables with ordinal
— between-subjects design: randomization to scales and with VASs.
5-point, 7-point, 9-point scales or to VASs (see
Figure 2); N = 265

— computation of standard error of the mean
(SEM) as indirect measure of formatting error

— questionnaire: 58 items on 29 Web pages

Results
Response time Mean SEM

Scale Dropout in min (SD) (SD)
? Does number of response options empirically 5-point 38% 9.0 (3.3) 3.9 (0.5)
affect formatting error as theorized? 7-point 20% 8.4 (3.8) 3.7 (0.4)
? Does response scale affect dropoutand 9-point 42% 8.6 (2.9) 3.6 (0.4)
response time? VAS 24% 8.3 (2.8) 3.5(0.4)
N .
never R aiways — difference in SEM between VAS and ...
N ... 5-point: (1, 115) = 21.55, p <.001, n2 = .16
continue ... 7-point: F(1, 115) = 8.95, p =.003, n2=.07
Figure 2. VAS in Web survey. ... 9-point: F(1, 115) = 1.56, p =.215, n2 = .01
Conclusions

— the more response options the lower is formatting error; ordinal scales with moderate number of options
perform better regarding dropout and response time

— only VASs combine low formatting error (SEM) and low dropout rate

— measurement with VASs leads to less error, thus smaller confidence intervals and more statistical power:
— small effects can be observed, the risk of making a Type Il error is lowered
— sample sizes can be reduced if large effects are to be measured

— additionally, data from VASs allow more statistical analyses (Hofmans & Theuns, 2008; Myles & Urquhart,
2005; Reips & Funke, 2008) than data from ordinal scales and can be recoded and analyzed more flexibly

— consider using the free Web service http://vasgenerator.net to build VASs
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