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Abstract. Six different talking heads have been evaluated in two consecutive 
experiments. Two text-to-speech components and three head components have 
been used. Results from semantic differentials show a clear preference for the 
most human-like and expressive head. The analysis of the semantic differentials 
reveals three factors each. These factors show different patterns for the head 
components. Overall quality is strongly related to one factor, which covers the 
quality aspect ‘appearance’. Another factor found in both experiments com-
prises ‘human likeliness’ and ‘naturalness’ and is much less correlated with 
overall quality. While subjects have been able to clearly separate all head com-
ponents with different factors of the semantic differential, only some of these 
factors are relevant for explicit quality ratings. A good appearance seems to  
affect the perception of sympathy and the ascription of reliability. 
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1   Introduction 

Embodied Conversational Agents (ECAs) are assumed to improve Human-Computer 
Interaction (HCI) as they represent social conversational partners [11] and their pres-
ence can result in better user ratings, the so-called ‘persona-effect’ [4,8]. One promis-
ing application domain is the smart home environment, where ECAs as main interface 
to the multitude of different available services can support users. However, it is still 
not well understood which features of an ECA are relevant for the quality perceived 
by users. 

For example, state-of-the-art talking heads can be used in real-time to synthesize 
audio-visual articulation with high synchronicity of the two modalities (e.g. [2,4]). 
Apart from the persona-effect, ECAs are foremost evaluated with respect to style 
(natural human vs. comic style or even non human visualization, formal vs. informal), 
gender, or dialogue behaviour (cf. [11,14] for an overview). However, there is no 
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study known to us directly comparing different synthesis modules concerning their 
impact on user’s perception. 

This question is addressed in two watching-and-listening-only experiments. For the 
first experiment, significant differences for overall quality as well as speech and visual 
quality have been obtained for three different talking head components and two speech 
synthesis systems [12]. In this paper, we aim at quantifying the impact on a more  
detailed level, including aesthetic attribution, to identify different quality aspects. 

The benefit is twofold: First, with such a detailed response the impact of the tech-
nical components on the ratings can be assessed. Second, the relevance of the differ-
ent quality aspects on the overall quality within the smart home domain addressed by 
our study can be estimated. Whereas the first experiment was conducted in a strictly 
controlled environment of our lab, the second one basically mirrors the first apart 
from being a shorter web-based version. 

2   Material 

Three different talking head components and two freely available speech synthesis 
systems are combined, resulting in six different combinations. One head originates 
from the Thinking Head Project [3] and will be referred to by TH in the following. 
This head is based on a 3D model with the texture made from pictures of the Austra-
lian artist STELARC. Additional to articulating, it moves, smiles, and winks. The 
other two heads were developed at TU Berlin. One is the Modular Audiovisual 
Speech SYnthesizer (MA) [7], the other is a German Text-To-Audiovisual-Speech 
synthesis system based on speaker cloning (CL) using motion capture [6]. Both heads 
are immobile apart from lower face movements, and they show no facial expressions. 
In contrast to the others, CL has neither hair nor neck. 

The speech synthesis systems used are the Modular Architecture for Research on 
speech sYnthesis (Mary) [15] based on HMM-synthesis, and the Mbrola system 
(Mbrola) [5] based on diphone synthesis. For both speech synthesis systems a male 
German voice (‘hmm-bits3’ for Mary and ‘de2’ for Mbrola) was used. 

60 videos were pre-recorded presenting the talking heads uttering 10 sentences related 
to the smart home domain for all 2x3 voice-head combinations. Those sentences are of 
variable phrase length, and contain both questions and statements. One example is: 

‘The following devices can be turned on or off: the TV, the lamps and the fan.’ 

3   Procedure 

In both experiments perceived quality of the talking heads was assessed with various 
measures. The participants first received a short introduction and were asked four 
questions concerning their experience with talking heads and spoken dialog systems 
in general. Both experiments are divided into two parts, one per-sentence part and one 
per-set part.  

The per-sentence part consists of single stimuli presented in randomised order. Af-
ter every stimulus the participants were asked to answer four questions (per-sentence-
questionnaire). One question concerning the content of the sentence was only in-
cluded to focus their attention not only on the appearance but on understanding as 
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well and was excluded from further analysis. With the remaining three questions the 
participants were asked to rate the speech quality (‘How do you rate the speech qual-
ity?’), visual quality (‘How do you rate the visual quality of the head?’) and overall 
quality (‘How do you rate the overall quality?’) of each stimulus (Figure 1). 

How do you rate the overall quality? 

○ very good               ○ good            ○ undecided           ○ bad           ○ very bad 

Fig. 1. Example of one question to collect quality ratings 

In the other part a set of six stimuli was presented for every voice-head combina-
tion followed by a questionnaire (per-set-questionnaire). This questionnaire assessed 
the overall quality of the voice-head combination (‘How do you rate the overall qual-
ity of the animated head?’) and their detailed impression (‘Please use the following 
antonym pairs to rate your impression of the animated head.’) using 25 semantic-
differential items. Every item was rated on a five-point scale with the poles described 
by antonyms. These items derive from a questionnaire currently being developed at 
Deutsche Telekom Labs partly based on [1]. 

For the results of the first experiment’s overall ratings confer to [12]. Here, only 
the analysis of the semantic differential used to assess different quality aspect will be 
presented. 

3.1   Experiment 1 

In the first experiment, seven female and seven male participants aged between 20 
and 32 (M=27, SD=4.21) were paid to rate the six voice-head combinations in a two 
hours experiment. The experiment comprised the per-sentence part followed by the 
per-set part, divided by a short break. The participants were seated in front of a screen 
on which the videos were displayed. The sound was played back over head-phones. 
Before the start the participants were shown six anchor stimuli, consisting of each 
voice-head combination uttering one sentence not contained in the above mentioned 
10 sentences. Thus, every participant had seen the whole range of talking heads ana-
lyzed in this study before being asked for his or her rating. Finally, six freeze images 
(one for each condition) were arranged on the screen in random order. The partici-
pants could replay the anchor stimuli by clicking on the images and where then asked 
to order them according to their preference, giving ranks from ‘1 – least liked’ to ‘6 – 
most liked’. Each number could only be given once, thus resulting in six ranks. On 
paper they where then asked to answer two open questions: The first question asking 
why they had ranked the six conditions the way they had, the second question asking 
which condition they would prefer in a smart-home setting. 

3.2   Experiment 2 

In the second experiment the per-sentence-questionnaire was slightly altered to assess 
additional information. It was also asked (‘How well does the voice fit to the head?’) and 
(‘How do you rate the synchrony of voice and lip movements?’). As this experiment was 
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implemented for web-access,1 the exact procedure and hardware for every participant is 
unknown, but headphones were recommended. In order to shorten the duration of every 
test to 10–15 minutes, the participants performed either the per-set or per-sentence part, 
selected randomly. Additionally, those 4 sentences of the first experiment most strongly 
deviating from the mean ratings in overall and speech quality were eliminated, resulting 
in six instead of ten sentences. There was a similar training part, but no final ranking in 
this experiment. The semantic differential consists of 24 items, 20 identical to those of 
the first experiment.  

Altogether, data from 12 participants (aged 24 to 54, M=29, SD=8.37) of the 
per-set part is analyzed here. 

4   Results 

4.1   Experiment 1 

The factor analysis of the data from the differential (SemD) using Horn's parallel 
analysis [9] with Varimax rotation reveals 3 factors (cf. Figure 2, 67% explained 
variance, Kaiser-Meyer-Olkin measure of sampling adequacy [10], KMO=.91). 

They can be entitled as ‘realistic, humanlike’ (Cronbach’s α=.93), ‘friendly, hon-
est’ (α=.92) and ‘attractive, pleasing’ (α =.94). All items with loadings greater  
than 0.4 have been included, apart from those with cross-loadings, resulting in 8  
exclusions. 

The six conditions show significant differences in the average rating of factor 1 
(Friedman Test: χ2(5)=31.4, p=7.7e-06), factor 2 (χ2(5)=28.5, p=2.9e-05), and factor 3 
(χ2(5)=39.1, p=2.2e-07). For the SemD separated by factors, cf. Figure 3. 

 

Fig. 2. Results of the Parallel Analysis of data from experiment 1. Three factors have higher 
unadjusted Eigenvalues than random Eigenvalues. 

 

                                                           
1 This experiment is accessible at http://talking-heads.qu.t-labs.tu-berlin.de 
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Fig. 3. SemD of factor 1 to 3 (left to right) for the three head components, averaged for partici-
pant and voice components. Positive numbers designate a more positive rating for the respec-
tive dimension. 

   

Fig. 4. Average ratings of factor 1 to 3 (left to right) for the three heads (lines indicating  
significant differences) 

The basic ranking of the SemD is similar to that from direct quality ratings de-
scribed in [12], namely TH is better than MA, which is better than CL. However, this 
holds only for factor 3 and the combined significant results of factor 1 and 2. Interest-
ingly, there are not only 2 resulting factors that are needed to separate three head 
components, but all three factors show different statistical results (cf. Figure 4 for 
single comparisons of the ‘head’ component, α-level=.5). 

For the ‘voice’ component, there is only one significant difference. Although the 
Mary voice is rated systematically better concerning the overall quality and speech 
quality [12], the observable difference in the SemD (cf. Figure 5) is only significant 
for factor 2 (Wilcoxon rank sum test: V=370.5, p=0.047). 

Relating all factors to explicit quality ratings, factor 1 shows the weakest correla-
tions (cf. Table 1). In fact, factor 1 does not include relevant information to explain 
the ranking or absolute rating results of overall quality. 
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Fig. 5. SemD of factor 1 to 3 (left to right) for the two voice components, averaged for partici-
pant and head components 

Table 1. Spearman coefficient between the three factors and explicit quality ratings from the 
per-sentence questionnaire 

 Factor 1 Factor 2 Factor 3 
Overall quality .35 .51 .57 
Visual quality .50 .55 .68 
Speech quality < .1 < .1 < .1 

4.2   Experiment 2 

Results from the data analysis of the second experiment are quite similar to that of 
experiment 1. There are also three factors found (65% explained variance, 
KMO=.90): ‘realistic, humanlike’ (Cronbach’s α=.89), ‘interesting, entertaining’ 
(α=.84) and ‘attractive, pleasing’ (α=.96). Factors 1 and 3 correspond to those of the 
first experiment. As one can see in Figure 6, both show a similar pattern for the dif-
ferent head components, whereas factor 2 differs from that, including the items used. 
Please note, that the numbering of the items is not comparable to experiment 1. For all 
three factors there are significant differences for the six head and voice combinations 
(χ2(5)=14.8, p=0.01, χ2(5)=33.5, p=3.0e-06, χ2(5)=35.7, p=1.1e-06). Compared to 
experiment 1, only factor 1 shows a similar statistical result. In factor 3 only CL dif-
fers from the two other head components (cf. Figure 7). 

The voice component Mary is rated better than Mbrola only for factor 3 (V=409, 
p=0.022). 

Relating all factors to the explicit overall quality ratings, factor 3 shows the strong-
est correlation (cf. Table 2). In contrast to experiment 1, participants conducted either 
the per-set or the per-sentence block. Therefore, correlation analysis could only be 
calculated between factors and overall quality, asked before the SemD. 
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Fig. 6. SemD of factor 1 to 3 (left to right) for the three head components, averaged for partici-
pant and voice components 

   

Fig. 7. Average ratings of factor 1 to 3 (left to right) for the three heads (lines indicating sig-
nificant differences) 

Table 2. Spearman coefficient between the three factors and explicit quality ratings from the 
per-set questionnaire 

 Factor 1 Factor 2 Factor 3 
Overall quality .58 .57 .84 

5   Discussion and Conclusion 

Significant differences between the two voices in terms of explicit quality ratings 
(overall quality, speech quality) [12] are not relevant for the semantic differential for 
both experiments. This may be due to the fact that the head components differ much 
more than the voice components dominating the resulting factors, or that the SemD’s 
introductory question was misleading. 
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Apparently, the three resulting factors in both experiments differ in the ratings of 
the three head components. Massy in particular does not show consistent results: 
Whereas it is rated positively and similar to Clone concerning human likeliness and 
naturalness (exp 1&2), it is rated similar to Thinking Head for the second factor 
(friendliness and honour) (exp 1). Only for factor 3 (exp 1) the actual ranking found 
in the explicit quality ranking in [12] is replicated. Massy lacks natural texture and 
non-articulatory movements despite its natural animation, which can explain being 
rated like Clone as less entertaining and quite artificial. However, Massy is also rated 
as friendly and honest as Thinking Head. To sum up, the semantic differentials suc-
cessfully assessed different aspects of subjective user ratings concerning the talking 
heads. The inconsistency in the results concerning Thinking Head and Massy for 
factor 3 (attractiveness, pleasantness) between both experiments may lie in the al-
tered items, as factor 3 incorporates also ‘good’ and ‘satisfying’ in experiment 2, 
which were not included in experiment 1. 

But more important are the particular items classified in one factor: Sympathy is 
related to attractiveness and reliability (exp 1, no ‘satisfaction’ item), or attractiveness 
and satisfaction (exp 2, no ‘reliability’ items). In both experiments, factor 1 (natural-
ness, human likeliness) contributes less to explicit subjective quality ratings (overall 
and visual quality) than factor 3 (attractiveness, pleasantness). A possible explanation 
of the fact that Massy, despite its artificial appearance and lacking of non-articulatory 
movements, is quite similarly rated as Thinking Head, is that sympathy, ascribed 
intelligence, and reliability of these talking heads are mostly dependent on attractive-
ness and not on realism concerning human resemblance (texture, head movements or 
facial expressions).  

Insofar, the results indicate that general appearance is much more relevant for sub-
jective quality of the talking heads than realism. As Clone has the most real ‘texture’ 
(video), lacking a neck and hair seem to be relevant for being considered human like, 
real and especially attractive. Winking, moving the head etc. is not that relevant for 
overall quality. The resulting factors cannot directly be considered quality aspects of 
talking heads. However, results indicate at least a separation between one quality 
aspect including appearance and another including naturalness. Of course, this find-
ing can currently not be generalized for other head components. The results presented 
here build the basis for evaluating the used talking head components in interaction. 
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