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Abstract

In the present study the Geneva Emotional Music Scale (GEMS-25) and its German offshoot, the GEMS-28-G
were tested for measurement invariance across different types of musical stimuli. Additionally, the compara-
bility of scores across the different language versions was checked. While alternative scales are often based on
general dimensional or categorical emotion theories and are thus "stimulus-neutral", the domain-specific lik-
ert-type emotion scale GEMS is designed to especially capture the emotions evoked when listening to music.
Within the study, an online survey was administered (n = 245) using a stimuli set of 20 excerpts from musical
pieces. By analyzing the data with structural equation modeling (SEM), we tried to verify the reliability of the
scales in terms of measurement invariance towards popular/classic music as well as towards the genre of elec-
troacoustic music, employing the latter as an extreme case of a "non-conventional musical style". We subse-
quently also tested for measurement invariance across languages. Concerning music styles, measurement
invariance of the original GEMS-25 was achieved only at the "configural level", while the GEMS-28-G could
reach at least "weak factorial invariance". This demonstrates that only for the German version the contextual
meaning of the construct remains constant across different musical genres with a reasonable fit. Nevertheless,
researchers should be cautious when comparing GEMS factor scores achieved with very heterogenic musical
styles in future studies, regardless in which language.

Keywords: emotion measurement, structural equation modeling, measurement invariance

1. Introduction

sensations. Some authors express uncertainty
that theories developed for non-music-related
emotion measurement are adequate for use in
music related questions and its aesthetic con-
text (Vuoskoski & Eerola, 2011, p. 160). Alt-
hough the two-dimensional circumplex model
and the discrete emotion model have been
extensively used (ibid.), the need for a music
specific instrument describing more aesthet-
ical contexts has become obvious (Zentner,
Grandjean & Scherer, 2008). This is due to the
fact that emotions related to the listening of
music seem to differ from those we experience
in everyday situations.

The measurement of music-induced emotions
is a growing field within music psychology,
with a multitude of basic questions to be an-
swered. A debate is still going on concerning
the nature of the emotions related to music.
Some claim that music does not evoke emo-
tions as experienced in everyday situations,
but that listeners respond affectively to music
(Hunter & Schellenberg, 2010).

Different approaches are available for
measuring emotions in general, including the
measurement of bodily functions, the use of
real-time user responses or surveys based on
self-reports (Desmet, 2003). The latter have a
long tradition in the capturing of everyday
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To overcome the shortcomings of generic
scales in music emotion research, the Geneva
Emotional Music Scale (GEMS) has been intro-
duced by Zentner, Grandjean, and Scherer in
2008. In a series of experiments, 45 items were
selected to measure the perceived feelings.
The items are organized in nine factors and
three super factors. The resulting scale - as
well as shorter adaptions containing 25 and
nine items - was evaluated in further tests and
the model showed a significant fit for classic
music pieces (ibid.). Making it available in an
international context, the original French
GEMS was adapted to English language by
Zentner and co-researchers. For a research
project in German language, an adaption of
the GEMS-25 has been conducted by Lepa (in
preparation), namely the GEMS-28-G. Being
rather new measurement tools, both scales,
the English and the German, are still in the
need of being tested regarding their validity
and reliability to either affirm their suitability
or disclose their weak spots.

Typical test designs for measuring musical-
ly induced emotions apply generic musical
stimuli, mainly well-established music genres
like popular and classical music. Since the
GEMS is designed to capture the emotions in-
duced by music in general and without regard-
ing the genre, the results of an experiment
with non-conventional music are crucial for
defining the limits of the measurement in-
strument. Vuoskoski and Eerola conducted a
test of the GEMS using "ecologically valid and
emotionally diverse stimulus material" (Vuos-
koski & Eerola, 2011, p. 160) and could demon-
strate the suitability of the scale for music in a
wider sense. Since music as a cultural tech-
nique is always in constant change (especially
during the 20™ century, the boundaries of
what is considered as music were redefined), it
is of interest whether tools for measuring mu-
sical emotions can account for these changes.

As a consequence, we focused on testing
for scale invariance with different musical
stimulus material (for the concept of meas-
urement invariance see Section 3), in particular
using the genre of electroacoustic music®.

! The term electroacoustic music refers to a modern form of
Western art music and compositional practice that makes

Electroacoustic music clearly marks the
boundary between what is regarded as music
in the common sense and sound art, which
would not be categorized as music if listened
to by laymen.

It is of fundamental interest, whether the
emotions evoked when listening to avantgarde
music can be measured in the same way as
those evoked from popular music genres. Thus
the experiment presented in this paper can be
regarded as one of many experiments defining
the genre limits, in which a music specific emo-
tion measurement is reasonable.

Our experiment aimed at two different re-
search questions, namely the testing for invar-
iance and of the respective model fit for the
GEM scale for (1) different stimulus material
(i.e. popular/classical music and electroacous-
tic music) and (2) over independent test groups
using the English and the German versions of
the measurement scale. Consequently, within
our study measurement invariance was tested
across measurement occasions (stimuli) and,
in a second step, across groups (languages) at
a common set of hierarchically structured lev-
els of invariance constraints (Widaman & Reise,
1997): (a) configural invariance, (b) weak facto-
rial invariance (equal factor loadings), (c)
strong factorial invariance (equal factor load-
ings and intercepts) and (d) strict factorial in-
variance (adds equal error residuals). The de-
gree of invariance defines the premises for
comparisons between resulting parameters of
the scale (eg. factor means) when applied to
different measurement occasions and the con-
clusions that can be drawn from them.

This paper is further organized as follows: In
Section 2 the GEM scale as well as the test en-
vironment and procedure are explained in de-
tail. The evaluation procedure and related
methods are presented in Section 3. Results
are presented in Section 4 and discussed in
Section 5. The paper ends with a final conclu-
sion in Section 6.

use of electric sound (re-)production. Therefore it includes
tape music, electronic and computer music. For further
information on electroacoustic music refer to Bdhme-
Mehner, Mehner & Wolf (2008).
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2. Experimental Setup
2.1. Measurement

In our present experimental setup we made
use of the German translation of an extended®
GEMS-25, the GEMS-28-G as introduced and
evaluated by Lepa (in preparation). This scale
consists of 27 labels (adjectives) representing
the nine categories of GEMS-g with three
items per dimension. These dimensions con-
dense into three top-level factors (cf. Table 2).

In order to address our research question
adequately, we made the survey accessible to
non-German speakers by using the English
version consisting of equivalent terms of the
extended GEMS-25 on which the German
translation was based on. In this context, it has
to be considered that shifts in meaning of
terms may occur, as nuances of the original
scale could have been "lost in the translation"
as pointed out by Vuoskoski and Eerola (2011),
who developed a Finnish translation of the
English attributes.

The item batteries containing the German
and the respective English adjectives can be
found in Table 2. For rating the intensity of the
given items, the original 5-point (Likert) scale
ranging from 1 (not at all) to 5 (very much) was
used (cf. Table 1). The respective scale was de-
signed to be balanced, non-forced choice and
even interval scaled.

2.2. Procedure

Our approach (being based on a within-
subjects design) was to present two excerpts
(one of each stimuli group) to the participants
to be evaluated in terms of induced, felt emo-
tions on the provided rating scale. In order to
make the test available for a large number of
participants and to avoid the effort of evaluat-
ing paper questionnaires, we decided to use
the online survey application LimeSurvey that
was adapted to our specific requirements. An
audio player was implemented to play back
the sound excerpts within the survey. Moreo-
ver, both the stimuli and the respective item

? Two adjectives from the original extended GEMS-45 ver-
sion (cf. Section 1), "blue" and "nervous" were added to the
GEMS-25 scale for achieving comparability.

list for each sound excerpt had been random-
ized before presented to the individual listener
to avoid any kind of systematic sequential ef-
fects and response biases. Furthermore, the
two musical excerpts to be presented to the
individual subject were also chosen randomly
resulting in 100 (= 10°) different stimuli combi-
nations.

The testing procedure within the online
survey was structured in five parts being pre-
sented on consecutive screens:

(1) Introduction: Participants were instruct-
ed regarding the testing procedure and their
task to rate the felt emotions in context of the
presented music.

(2) Sound system setup: For optimized lis-
tening conditions, we provided an audio setup
consisting of an audio player with a neutral
musical excerpt® and instructions to adjust vol-
ume, eliminate noise sources and get into a
comfortable listening position.

(3 - 4) 1* and 2™ music excerpt: In these
parts the auditory stimuli were rated according
to their affectional impact, in other words, the
intensity of the felt emotions on basis of the
emotion labels provided by the GEM scale.

(5) Personal questions on participants: In or-
der to allow the statistical analysis of the sam-
ple data, the participants were asked to pro-
vide sociodemographic information and to de-
scribe their relationship to music and individual
music listening habits.

2.3. Stimuli

As auditory stimulus material we used two
categories of music excerpts: The first group,
labelled as anchor music, consisted of ten ex-
cerpts of purely instrumental popular and clas-
sical music. The pieces were chosen to repre-
sent a variety of ordinary music genres most
listeners should feel familiar with. The second
group of stimuli was a compilation of ten dif-
ferent pieces of electroacoustic music. Choos-
ing the excerpts, the goal was to represent a
spectrum as large as possible of respective

3 A song excerpt representing a bright mood and being
normalized to a peak level of -2 dB with respect to the test
stimuli to be rated in order to add slightly more presence to
the latter.
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musical aesthetics, moods and production
techniques.

All excerpts from both groups had a dura-
tion of two minutes with a soft fade-out at the
end of each excerpt.

The sound excerpts were encoded with the
lame mp3 codec (320kBit/s, 44.1 kHz, Stereo)
in order to reduce file size and to ensure
streaming via the Internet (with a negligible
loss of audio quality).

2.4. Participants (n = 245)

The survey was spread via different mailing
lists and online interest groups, related to mu-
sicology, sound art as well as non music specif-
ic groups. In this way, we were able to reach a
target audience beyond a sample consisting
exclusively of students being involved with the
specific problem. Altogether, 245 participants
took part in the survey. More than half of them
(55.5%) were German speakers, 45.5% partici-
pated in the English version of the survey.
Around 57% of all participants were male; the
average age of the samples (ranging from 15 to
71 years) was 28.5 years (SD = 7.5). Regarding
their educational level, almost two-thirds
(63.3%) of the participants stated to have a
higher education degree, a further 31.4%
graduated from college. Concerning musico-
logical knowledge, the largest group of 42.5%
indicated having a good understanding of mu-
sic, while laymen and music experts comprised
each 28.6%. Their average music listening
time was 110.7 minutes (SD = g9) per day. In
matters pertaining to the experiment, 88.5%
of all participants rated the testing conditions
as good or even very good, only 2.2% reported
having bad conditions of participation.

3. Method

Following the method of data evaluation in
Zentner et al. (2008), the acquired data un-
derwent a confirmatory factor analysis (CFA)
The experimental questions to be answered
can be summarized as follows: Is the meas-
urement tool invariant across different musical
stimuli and, if so, to what extent? Furthermore,
can measurement invariance be observed
across groups of different languages?

The test results allow conclusions concern-
ing the reliability of the model over a wide
range of possible musical contexts and stimuli,
in order to further evaluate the method pro-
posed by Zentner et al. (2008).

3.1. The Factor Model

The basis of the analysis is the factor model
shown in Table 2b. It specifies the loading
structure of the 27 adjective labels, the items,
in nine first-order latent variables (factors),
which themselves load onto three second-
order factors. This model tries to explain the
variability and correlation observed in the item
covariance matrix based on the assumption
that they are caused by fewer, unobserved var-
iables (the factors) whose scores are depend-
ent on a linear combination of the item scores,
their likewise difficulty (i.e. the item intercept
value) and an item-specific error term (Back-
haus, Erichson, Plinke & Weiber, 2006). Each
of the items is associated with a specific factor
loading, which shows the extent to which the
property referred to by the observed variable
(in this case the adjective characterizing the
felt emotion) contributes to the concept de-
scribed by the higher order factor (here a
mood, disposition or emotional state).

3.2. Measurement Invariance

Being confronted with the issue whether the
measurement tool provides reliable results for
different kinds of stimuli and independent
groups of test subjects, testing for measure-
ment invariance is the procedure of choice (e.g.
Geiser, 2010; Widaman & Reise, 1997; Mere-
dith, 1993). It involves testing for identical
(equivalent) constructs across measurement
occasions or groups to assure a comparability
of measures. On this premise, the same con-
structs are being assessed and a meaningful
comparison of statistics (such as means and
variances) of each measurement can be per-
formed. As mentioned earlier, measurement
invariance can be tested at different levels rep-
resenting increasing measurement model con-
straints of a nested model set. In our work, we
followed the hierarchical set of model tests
described by Widaman and Reise (1997), con-
sisting of four levels of invariance constraints:
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(a) The first, basic level of measurement in-
variance is called Configural Invariance. As its
name implies, it refers to the same configura-
tion of factor loadings. The factor loadings can

differ for each measurement occasion or group.

When this level of nonmetric invariance is met,
the latent variables, which are present within
each construct, are similar, but not identical
(Widaman & Reise, 1997, p. 292).

(b) The second level of invariance (and first

form of a metric factorial invariance) is called
Weak Factorial Invariance. In addition to the
requirement of configural invariance, each
item's loading to the respective factor (indicat-
ing the strengths of the linear relation between
a factor and the associated items) is restrained
to be equal for each measurement occasion.
Accordingly, with constant factor loadings the
scale unit is identical in each construct, though
the scale origins are not necessarily the same.

Table 1. 5-point rating scale (both in German and in English)

1 2 4 5
Uberhaupt nicht eher nicht mittelmalig ziemlich sehr stark
not at all not really more or less quite very much

Table 2a & b. Emotional labels with first and second-order factors (both in German and in English)

German English
Items 1* order factors | 2™ order factors 2" order factors | 1™ order factors Items
Bewegt Moved
Verzaubert Bewunderung Wonder Filled with wonder
Vertraumt Allured
Fasziniert Fascinated
Uberwaéltigt Transzendenz Transcendence Overwhelmed
Gefesselt Feeling of transcendence
Gelassen Serene
Entspannt Beruhigung Erhabenheit Sublimity Peacefulness Calm
Relaxed Soothed
Sensibel Tender
Ergriffen Sensibilisierung Tenderness Affectionate
Entrickt Mellow
Nostalgisch Nostalgic
Sentimental Nostalgie Nostalgia Sentimental
Romantisch Dreamy
Kraftvoll Strong
Energetisiert Starke Power Energetic
Triumphierend Triumphant
Vitalitat Vitality
Munter Animated
Heiter Anregung Joyful Activation Bouncy
Frohlich Joyful
Traurig Sad
Melancholisch Traurigkeit Sadness Tearful
Schwermtig Blue
Unbehagen Unease
Fahrig Tense
Gereizt Anspannung Tension Agitated
Nervos Nervous
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When this level of invariance holds, the re-
lationship between factors and other external
variables is comparable across occasions and
groups. Still, no comparison of factor means is
valid, due to a possibly different scale origin.

(c) The third level of invariance is Strong
Factorial Invariance. This form of invariance
postulated that not only the factor configura-
tion and item loadings on the underlying factor
are invariant over time or across groups but
also the intercepts of the measured variables
are equal. According to Widaman and Reise
(1997, p- 294), this level of invariance is re-
quired for a meaningful comparison of mean
differences of the latent variables over time or
across groups. Thus, differences in factor
means can be identified as true differences
between measurement occasions, not being
artefacts of measurement.

(d) The fourth and last level of invariance is
called Strict Factorial Invariance. In testing this
form of invariance, additionally to the three
preceding constraints, the measurement re-
sidual (or measurement error) associated with
each measured variable is restrained to be
equal over time/across groups. When this level
of invariance is achieved, all group differences
are exclusively due to group differences on the
common factors. Strict factorial invariance,
however, is seldom found to hold for a variety
of reasons (cf. Widaman & Reise, 1997, p. 296).

3.3. Evaluation

The confirmatory factor analysis was per-
formed using the free statistics software R and
the package lavaan for multivariate analysis. A
matrix carrying the data for both measure-
ment occasions (stimuli) was produced. For
each language, the structural equation model
which expressed the structure of the first and
second-order factors with respect to the items
(cf. Table 2) was defined in lavaan. The first
step was a test for autocorrelation between
the model parameters taken at the two occa-
sions (corresponding to the different stimuli
categories) of the experiment. This was
achieved by gradually imposing less con-
straints to  the Basic Model (o)
- allowing uncorrelated error variances (), un-
correlated factors between different occasions
(), uncorrelated factors within an occasion (3)

- and observing the fit of the model and its
change in respect to the prior model. The
model by which the fit does not deteriorate
significantly is selected as the most parsimoni-
ous and equally potent to continue to the next
stage of measurement invariance testing. Such
a model contains less parameters and has the
advantage of being less complex and compu-
tationally costly. However, it should be men-
tioned that a model with more restrictions is
also prone to be more difficult to fit.

We operate on a nested model where addi-
tional structural constraints were imposed in
each step, as shown in the previous paragraph.
To determine the level of measurement invari-
ance present, the fit is tested again as in the
case of autocorrelation by means of a likeli-
hood ratio test (LR-test) between the fit of the
current model in respect to the previous one. If
this value is below a certain threshold, the two
measurement models differ significantly from
each other, which can also be observed by a
noticeable deterioration of the fit in the case of
imposing more constraints. In that case, the
previous model is retained and the corre-
sponding constraints specify the level of invar-
iance. Finally, we test in the same way as men-
tioned above if the scale measures reliably be-
tween groups of speakers of different lan-
guages, in order to assert the measurement
invariance of the scale for different language
groups. All the tests were performed for the
first-order factor model, as well as the expand-
ed version with the second-order factors.

At this point, a short discussion about the
model fit indices used in this study is necessary.
The most commonly used indices for model fit
comparison are the chi-square (y*) function
value, the root-mean-square error of approxi-
mation (RMSEA), the standardized root-mean-
square residual (SRMR), the Bayesian infor-
mation criterion (BIC), the Akaike information
criterion (AIC) and the comparative fit index
(CFI). For a detailed description of fit indices
and their properties see Hu and Bentler (1999),
Backhaus et al. (2006), Bentner (1990) and
Hooper, Coughlan and Mdller (2008). As Zent-
ner et al. (2008, p. 505) mention in the discus-
sion part of their study, these indices can be
separated into two categories based on the
sensitivity towards weakly specified factor co-
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variances (SRMR) and towards imperfect fac-
tor loadings (RMSEA, CFl and others, cf. Fan &
Sivo, 2005). In this paper, we decided to use a
combination of three indices as well as the chi-
squared function value and two information
measures (BIC, AIC) (cf. Tables 3 - 8) in order to

Caution is called for absolute fit indices
such as x*and SRMR, as sample and model
size have an influence on them that can be
misleading (Hu & Bentler, 1999). However, a
combination of good results for at least one of
the RMSEA and CFl and the SRMR is a good

draw conclusions about the goodness of fit. indicator for a reasonable model fit.
Table 3. Results of autocorrelations and fit comparison for first-order factor model (German data)
Model (n = 136) Par. x df P p(LR) RMSEA SRMR CFI AIC BIC
@) Basic Model 288 2053 1197 .000 - .073 .083 .791 20071 20910
) Non-Correlated Errors 261 2088 1224 .000 .1479 .072 .083 .789 20052 20812
) No Inter-Correlations 180 2295 1305 .000 <.001 .075 .137 .758 20098 20626
8) No Intra-Correlations 108 3473 1377 .000 <.001 .106 211 .4,88 21131 21446
Table 4. Results of model fit test for nested measurement models, first-order (German data)
Model (n = 136) Par. v df P p(LR) RMSEA SRMR CFI AIC BIC
a) Basic Model 342 2053 1197  .000 - .073 .082 791 20179 21175
b) Eq. Item Loadings 324 2075 1215 .000 .2432 .072 .083 .790 20165 21109
) Eq. Item Intercepts 297 2329 1242  .000 <.001 .080 .189 734 20366 21231
d) Eq. Error Variances 243 2494 1296 .000 <.001 .082 .189 .707 20422 21130
Table 5. Results of autocorrelations and fit comparison for first-order factor model (English data)
Model (n = 109) Par. 1 df P p(LR) RMSEA SRMR CFI AIC BIC
) Basic Model 288 2047 1197  .000 - .081 -095 740 15674 16449
B) Non-Correlated Errors 261 2131 1224 .000 <.001 .082 .095 723 15703 16406
7) No Inter-Correlations 180 2333 1305 .000 <.001 .085 .160 .686 15744 16228
8) No Intra-Correlations 108 3482 1377 .000 <.001 .118 241 .356 16749 17040
Table 6. Results of model fit test for nested measurement models, first-order (English data)
Model (n = 109) Par. v df P p(LR) RMSEA SRMR CFI AIC BIC
a) Basic Model 342 2047 1197 .000 - .081 .093 .740 15782 16703
b) Eq. Item Loadings 324 2130 1215 .000 <.001 .083 .105 .720 15829 16701
¢) Eq. Item Intercepts 297 2362 1242 .000 <.001 .091 211 .658 16007 16806
d) Eq. Error Variances 243 2597 1296 .000 <.001 .096 .206 .602 16134 16788

Table 7. Results of model fit test for nested measurement models: language group comparison, first-order

(popular music)

Model (n = 245) x2 df p(xz) p(LR) RMSEA CFI BIC

a) Basic Model 1105 576 .000 - .087 .856 18809
b) Eq. Item Loadings 1153 594 000  <.001 .088 848 18758
¢) Eq. Item Intercepts 1321 612 000  <.001 .097 .808 19124
d) Eq. Error Variances 1474 621 .000 <.001 .106 .782 19227




Proceedings of the 3rd International Conference on Music & Emotion (ICME3), Jyvaskyla, Finland, 11th - 15th

June 2013. Geoff Luck & Olivier Brabant (Eds.)

Table 8. Results of model fit test for nested measurement models: language group comparison, first-order

(electroacoustic music)

Model (n = 245) X df P p(LR) RMSEA CFI BIC

a) Basic Model 1068 576 .000 .084 .816 18292
b) Eq. Item Loadings 1141 594 .000 <.001 .087 .796 18266
¢) Eq. Item Intercepts 1309 612 .000 <.001 .096 740 18632
d) Eq. Error Variances 1380 621 .000 <.001 .100 .738 18654

4. Results

The test results are presented in Tables 3 - 8
(italics denote the models which achieved ac-
ceptable fit indices). Altogether, the achieved
model fits cannot be described as satisfying, a
result that can be attributed to the combina-
tion of relatively small sample size (regarding
this kind of analysis) and high model complexi-
ty. However, this does not constitute a prob-
lem for the study at hand, as the absolute val-
ues of the fit indexes are not of importance for
the investigation of measurement invariance,
only their relative differences between the
nested models.

The autocorrelation test showed that for
the German version the change in model fit is
negligible when the error correlations are set
to zero. Therefore these parameters could be
let aside, creating a less computationally costly
and simpler model. However, we discovered
that the improvement was only marginal (a
positive change in fit indices of 1% in the test
for measurement invariance and the ability of
conducting alikelihood ratio test actually im-
paired, for both the first and the second-order
factor model. We therefore used the basic
model configuration (all parameters correlat-
ed). For the English version of the scale the
autocorrelation test was not conclusive, there-
fore we retained the original model with the
maximum amount of correlations in that case
as well.

The test for measurement invariance pro-
vided similar results: For the German dataset,
weak factorial invariance could be demon-
strated, for both the first and the second-order
factor model. For the English version only con-
figural invariance was attested. One should
note, however, that the overall fit in all cases
was too low (CFl < 0.8) to meet the formal re-

quirements for a good fit as proposed in Hu &
Bentler (1999). Nevertheless, the German data
set provided overall better fit indices than the
English one (e.g. CFlgermanistorder 0.791 VS.
CFlengiish, 1st-order 0-740 for the basic model, re-
spectively for all other fit indices cf. Table 4 vs.
8).

Finally, the tests for measurement invari-
ance across the language groups returned sig-
nificant values for the LR-test in all cases (see
the column under p(LR) in Tables 3-8), thus
allowing to ascertain only configural invariance.
In total, the results might be summed up as
follows: for the first and second-order factor
model, configural invariance is present across
both stimuli and languages, whereas weak
factorial invariance is only present in the case
of the German scale across measurement oc-
casions (stimuli). The results concerning the
second-order factor model are not presented
here, as the attained invariance levels are iden-
tical to those related to the first-order factor
model and the index values do not differ sub-
stantially (cf. Section 5).

5. Discussion

Considering the results in Section 3, several
major issues arise. Firstly, the overall fit index
values and results of the likelihood ratio test
were substantially better in the case of the
German data (cf. e.g. Table 4 vs. 6). These dif-
ferences can be traced back to the increased
sample size (n = 136 for German, n = 109 for
English) and ratio of amount of participants to
items (5:1 for German, 4:1 for English). The
amount of samples in the present study was
sufficient for conducting a confirmatory factor
analysis in all cases (Gorsuch, 1983; Fan,
Thompson & Wang, 1999). However, the gen-
eral rule holds that the greater the sample size,
the more accurate the statistical evaluation,
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which in our case explains the poorer perfor-
mance in the English language case.

With respect to the different language ver-
sions, our results also suggest that the German
version of the items list is semantically closer
to the original, French adjective model of
Zentner et al. (2008). This might have resulted
in a better comprehension of the adjective
meaning, leading to the production of compa-
rable results to the aforementioned study for
the German version. Furthermore, with regard
to the English version, only 9.2% of the partic-
ipants in this case could be assumed to be na-
tive speakers (having accessed the online sur-
vey from Australia, Ireland, the UK and USA).
It is debatable if the rest of the participants,
presumably non-native speakers, could grasp
the fine nuances in meaning between the ad-
jective items, resulting in a systematic error in
that case. This becomes apparent when ob-
serving the results of the measurement invari-
ance test for the two language groups, which
attested only configural invariance (cf. Table 7
and 8).

Another important point of the present

study diverging from the work by Zentner et al.

(ibid.) is the difference in test stimuli and test
conditions. The pop music repertoire included
musical excerpts from many different genres,
whereas within the reference study basically
classical music was featured. This could explain
the overall lower fit indices observed in our
case as the original items are presumably more
appropriate for emotions evoked by classical
music. Apart from that, the researchers used a
listening context of live performance in their
research, which lead to possible differences in
nature and magnitude of felt emotions with
respect to the listening situation in our study,
as indicated as an important contextual feature
by Scherer and Zentner (2001, p. 364).

Moreover, it should be mentioned that fit
indices for the second-order factor model were
inferior to those of the first-order model as the
increased complexity makes it more difficult to
fit. Yet, the results concerning the degree of
measurement invariance are consistent be-
tween the respective first and second-order
factor model, which adds to the general solidi-
ty of the factor model proposed by Zentner et
al. (2008).

Concerning the main methodological ques-
tion, the attainment of weak measurement
invariance for the German data can be de-
scribed as satisfactory if a study aims solely at
analysing covariance structure models, since in
this case it holds to compare variances or co-
variances between the latent variables and
external variables such as, e.g. age and gender
(as factor means are of no interest in this case).
It is, however, not feasible to compare the fac-
tor means (and therefore neither the ratings of
the stimuli can be compared nor conclusions
about changes in factor scores over time can
be drawn).

The absence of strong factorial invariance
in all cases (over time and across groups) is
caused by consistently different item inter-
cepts in the case of electroacoustic music as
compared to popular music. This result might
be construed as an indication that participants
tend to evaluate the former in a different way
than popular music genres, suggesting that
some item indicators might be superfluous or
misleading. The presence of configural invari-
ance in the case of English data shows that the
model is not strictly invariant across stimuli,
but that the measured emotions tend to have
the same character ensuing from an equal fac-
tor configuration. The contextual meaning of
the factor construct remains the same across
stimuli. The factor loadings however are free
to vary, implying that in this case the relation-
ship between felt emotions and the factors to
which they belong is not stable over stimuli.

6. Conclusions

Our study confirmed that the GEM scale may
be used to measure invariantly across stimuli
and languages at the configural level with a
reasonable fit. But, as pointed out in section 4,
configural invariance does not attest a high
degree of reliability of the measurement scale.
Thus, it only confirms the suitability of the
model proposed by Zentner et al. (2008) for
music induced emotion measurement on a
basic structure level. Based on our data, com-
paring variances and covariances across meas-
urement occasions should only be performed
in the case of the German version. The reasons
for this result can be traced back to the config-
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uration of the scale, the different listening con-
text or the lack of familiarity of the participants
with these stimuli. More concrete results could
be achieved by using excerpts with more spe-
cific character or musical form, or being repre-
sentative of a specific mood. In this way it
could be determined if the emotions evoked
by electroacoustic music have an affinity to

those evoked from very specific musical genres.

Another approach would be testing for meas-
urement invariance for subgenres of ordinary
music in order to determine the scope in which
the scale does measure invariably. Further-
more, it might be possible that modification of
the model (e.g. by applying an explorative fac-
tor analysis in order to detect which items and
factors can be excluded) could yield a factor
structure which would serve as a common
measurement instrument for a wider range of
music styles. In this case, an extended research
as to which items or factors could be modified
should be undertaken, as well as new tests
should be conducted to confirm the results.
Such an approach is out of the scope of our
study, but could serve as a starting point for
future experiments.
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