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Abstract 

We evaluated two speech research paradigms by comparing 

standardized sentences to ‘free speech’ (both produced by 

students without interaction partner).  Samples of infant- 

(IDS), foreigner- (FDS) and adult-directed speech (ADS) 

were acoustically analyzed for F0 and hyperarticulation.  No 

difference for hyperarticulation was found between IDS, FDS 

and ADS, which is in contrast to natural speech and 

imaginary ‘free speech’. Differences in mean F0 

approximated natural speech (IDS significantly higher than 

ADS and FDS), and represented an improvement compared 

to imaginary ‘free speech’.  The implications of these 

findings are discussed in the context of experimental speech 

research. 

 

Index Terms: IDS, FDS, imaginary speech, 

standardized sentences 

 

1. Introduction 

It is well established that IDS is acoustically and phonetically 

modified compared to adult-directed speech (ADS) [e.g. 1, 

2], and that it consists of higher pitch, exaggerated pitch 

contours, shorter utterances, vowel hyperarticulation and high 

emotional affect [e.g. 3, 4, 5].  The functional role of IDS is 

still the topic of much debate, [e.g. 1, 3, 5], but it seems 

likely that IDS has an emotional-affective and linguistic 

function.  In order to investigate and understand these 

functions further, it is necessary to compare IDS with 

linguistic (or emotional) comparison groups.   

A major problem associated with these comparative 

investigations of IDS is that experimental situations that elicit 

genuinely natural speech are difficult to design.  Previous 

comparison studies have used laboratory designs involving 

imaginary scenarios and imaginary speech recipient groups 

[e.g. 6, 7], and mothers in natural interactions with real 

interlocutors in the mother’s home [e.g. 5, 8, 9].  The 

advantage of using imaginary (posed/simulated) speech 

samples is the control and replicability of the experimental 

situation.  However, it is less clear whether such findings can 

be generalized to real life situations, and the usage of 

imaginary speech samples has been critically discussed [e.g. 

8, 10]. 

Comparison studies between real and imaginary IDS 

interactions are relatively rare, and have used different 

approaches [e.g. 3, 11, 12].  Fernald and Simon [3] found 

that pitch contours in IDS were more exaggerated than pitch 

contours in simulated IDS (both of which were produced by 

mothers), but that simulated IDS presented more exaggerated 

pitch contours than ADS.  However, these authors were 

unable to replicate the occurrence of increased F0 in 

simulated IDS.  Schaeffler et al. [11] found that IDS with a 

real interlocutor differed only in terms of shimmer and 

harmonics-to-noise ratio from simulated IDS (without 

interlocutor), but not in terms of frequencies (F0, F1, F2) and 

vowel duration.  However, in contrast to Fernald and Simon’s 

[3] study (real infant and spontaneous interaction compared 

to imaginary infant), Schaeffler et al. [11] used target 

sentences and brochures for both their interactions.   

A recent study by the present authors [12] compared 

natural speech samples of an existing data set [9] of IDS, 

FDS and ADS with those produced by students in imaginary 

interactions.  We found that we could reproduce the ratings 

of positive vocal affect of the different natural speech types in 

the imaginary laboratory condition (IDS > ADS > FDS).  

However, we were notably unsuccessful in reproducing 

hyperarticulation (Formant 1/2 expansion) and the increased 

F0 normally found in IDS.  In contrast to previous studies, 

which have used standardized utterances [e.g. 4, 6, 11], we 

asked our participants to produce free speech without a script 

and using their own scenarios (hereafter referred to as ‘free 

speech’ to avoid confusion with natural speech).  We also 

provided them with the same stimuli to center their scenarios 

on, in order to elicit the target words, and with a description 

of the ‘imaginary’ confederates used in the natural data set 

[9].  We intended this procedure to result in speech that is a 

closer approximation to ‘natural’ speech.  However, it is 

possible that the additional task and freedom of inventing 

their own scenario dialogue distracted the speakers through 

‘task overload’ from their primary task of reproducing speech 

modifications that are found in natural IDS (and FDS).  

To test this possibility in the present study, we provided 

the same speakers with standardized sentences incorporating 

the same target words as in our earlier study [12].  In theory, 

this should remove the need for improvisation on the 

speaker’s part.  If the differences presented in Knoll and 

Scharrer [12] between the ‘free speech’ imaginary scenarios 

and the natural data set [9] were due to ‘task overload’, we 

would expect speakers to perform more similarly to natural 

speech samples in a standardized sentence condition than in 

our original ‘free speech’ condition [12].    
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2. Method 

2.1. Participants 

The speakers consisted of 10 female students with a mean age 

of 22.9 years (sd 8.84) recruited from the student population 

of the University of Portsmouth.  For each of the speakers we 

collected information regarding their previous exposure to 

each of the speech groups (Likert-scale; 1 (not much 

exposure) to 5 (a lot of exposure)), and which condition they 

had found easier (free speech or standardized sentences).  All 

speakers were British citizens with comparable southern 

English accents, who had been living in the south-east of 

England for most of their lives (> 16 years). 

2.2. Acoustic analyses  

Overall, 180 words were analyzed.  Acoustic analyses were 

carried out using Praat 4.5.16 [13].  Standard 

recommendations of Praat for female voices were used.  

Based on previous research [5, 9], the analyses centered on 

the target words shark, sheep and shoe containing the corner 

vowels /a/, /i/ and /u/.  The resulting sound samples were 

analyzed for mean fundamental frequency (F0), mean vowel 

duration, and mean values for formant 1 and 2 (F1/F2).  

F1/F2 values were used to plot vowel triangles for /a/, /i/ and 

/u/, from which vowel triangle area was calculated to detect 

‘hyperarticulation’ of the vowels.  Resulting vowel area 

triangles were plotted using AutoCAD 2000. 

2.3. Procedure 

The recordings were carried out in the laboratory with digital 

recording equipment.  The speakers were required to imagine 

talking to an infant, a British adult and a foreign adult in 

three separate interactions.  For the infant interaction, they 

were instructed to imagine that they were talking to a close 

family member (e.g. niece, nephew or even own child).  

However, we did not provide speakers with an example or 

idea of what IDS would sound like.  For both the British and 

foreign adult interactions, they were instructed to imagine 

talking to a female stranger in her early twenties.  

Additionally, in the foreign interactions they were instructed 

to imagine that the person had been living in the UK for less 

than two months, and that they might encounter some 

communication problems.  The order of the interactions for 

each speaker was counterbalanced to avoid order effects.  

To elicit the target words, we supplied the speakers 

with three toys (a shark, a sheep and a shoe).  The speakers 

were required to incorporate this target words in four 

standardized sentences (“Look at the ‘target word’” for each 

of the three target words and “Look at the ‘shark’, the ‘sheep’ 

and the ‘shoe’”).  The order of production of the sentences 

was counterbalanced for each of the speakers.  Each of these 

sentences for each of three interactions had been preceded by 

the corresponding ‘free speech’ condition (presented in Knoll 

& Scharrer [12]) in which the speakers constructed and 

invented their own scenarios centered on the target words 

(e.g. the IDS sentence condition would have been preceded 

by the IDS ‘free speech’ condition).  Ideally this procedure 

should have resulted in a more relaxed and prepared 

(‘trained’) speech production for the standard sentences 

condition.  

 

3. Results 

The data for the acoustic analyses (F0, F1/F2 expansion and 

vowel duration) were subjected to repeated measures 

ANOVAs.  To provide a complete overview, the Figures we 

present here also contain mean values of the students’ ‘free 

speech’ condition (as presented in Knoll & Scharrer [12]) 

and those of the mothers (Uther et al.’s [9] natural IDS, FDS 

and ADS data set).  

3.1. Hyperarticulation (F1/F2 vowel area expansion)  

Previous research of natural IDS had found that both IDS and 

FDS presented greater F1/F2 vowel expansion than ADS (see 

Fig. 1).  In the present study, we found no significant 

difference for vowel space (hyperarticulation) between the 

three speech types.  Figure 1 shows that FDS achieved the 

highest mean (but with the greatest dispersion), with IDS and 

ADS being represented by similar means.  

 

 
 

Figure 1: Representation of IDS, FDS and ADS mean vowel 

area (calculated from F1/F2 vowel triangle space) for 

student speakers’ standardized sentence production in 

comparison with their ‘free speech production’ (Knoll and 

Scharrer [12]) and with natural speech samples (Uther et al. 

[9]).  Error bars represent 95% confidence intervals. 

These findings are in contrast to our earlier result of 

imaginary ‘free speech’, where the difference between ADS 

and FDS vowel area was not significant, but both conditions 

presented significantly greater vowel spaces than IDS (see 

Fig. 1).  Although the results for hyperarticulation of the 

present study still do not approximate the results of natural 

speech samples, they can be considered more similar than the 

results of the ‘free speech’ condition.  

3.2. Vowel duration 

There was no significant difference for mean vowel duration 

between IDS (mean = 0.103 sec), FDS (mean = 0.099 sec) 

and ADS (mean = 0.092 sec), which is similar to our earlier 

results [12].  However, these findings are in contrast to the 

natural speech samples, where IDS presented greater vowel 

duration than ADS and FDS. 
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3.3. Fundamental frequency (F0) 

The difference of mean F0 between the speech groups was 

significant (F (2, 18) = 6.788, p = .006, η = .430).  IDS 

achieved significantly higher mean F0 than ADS (F (1, 9) = 

7.406, p = .024, η = .451) and FDS (F (1, 9) = 10.358, p = 

.011, η = .535).  No difference between the adult conditions 

was found (see Fig. 2).  Interestingly, these findings are a 

better approximation of the natural speech samples (IDS > 

ADS/FDS) than our previous findings for the ‘free speech’ 

condition.  Although the mean values and the direction of 

mean F0 of the ‘free speech’ condition were similar to our 

present results, only the difference between IDS and ADS 

(mean difference < 30 Hz) had been statistically significant 

(calculated using planned contrast), with the FDS mean 

positioned between these two conditions (see Fig. 2).   

 

 
 

Figure 2: Representation of IDS, FDS and ADS mean F0 for 

student speakers’ standardized sentence production in 

comparison with their ‘free speech production’ (Knoll and 

Scharrer [12]) and with natural speech samples (Uther et al. 

[9]).  Error bars represent 95% confidence intervals. 

3.4. Previous exposure  

There was no significant difference between the speakers’ 

self-ratings on how much exposure they had to infants (mean 

= 2.9; sd = 1.44) and foreigners (mean = 2.7; sd = 1.50).  Not 

surprisingly, exposure to British adults was found to be 

100%.  Interestingly, eight out of the ten speakers stated that 

they found the ‘free speech’ condition more difficult than the 

sentence condition. 

 

4. Discussion 

This study set out to evaluate the validity of standardized 

sentence production in IDS comparative research.  Our 

results suggest that successful reproduction of some of the 

acoustic characteristics of natural speech in imaginary 

scenarios in the laboratory may depend on the situational 

context and research paradigm.   

We were, for instance, able to approximate the pitch 

findings of studies using natural speech [9] (IDS > adult 

conditions) with standardized sentence production similar to 

Schaeffler et al.’s findings [11], but not with our earlier ‘free 

speech’ condition [12].  The latter finding is concordant with 

Fernald and Simon’s [3] results where mean F0 did not 

increase in non-standardized simulated IDS compared to 

ADS.  These findings would be consistent with the 

assumption that the additional requirement for the 

participants to invent their own script might have interfered 

with the speakers’ ability to convincingly reproduce acoustic 

characteristics normally found in natural speech.  Their self-

reported perception of the ‘free speech’ condition as the more 

difficult condition would support this notion.  However, it 

should be noted that mean F0 differences between IDS and 

the adult conditions were lower in both student sentence and 

‘free speech’ conditions than would normally be expected in 

natural speech [e.g. 9].  As stated in our previous study [12], 

increased pitch in IDS has been associated with high 

emotional affect [e.g. 1, 3], and we suspect that feedback 

from interacting with a real infant may be required to elicit 

the full F0 range. 

Consistent with our findings in student imaginary ‘free 

speech’ [12], we were unable to replicate the occurrence of 

hyperarticulation (expansion of F1/F2 vowel area) in both 

IDS and FDS in the standardized sentences condition.  The 

occurrence of this hyperarticulation had been one of the main 

findings of Uther et al.’s [9] natural speech study.  In the 

present study, F1/F2 vowel area expansion between IDS, 

FDS and ADS was not significantly different.  Although 

these results do not approximate those of natural speech 

samples, they could tentatively be interpreted as an 

improvement over our previous ‘free speech’ study [12], 

where we found that students in effect hypoarticulated in IDS 

(i.e. they produced a reduced F1/F2 vowel space compared 

with ADS or FDS).  We explained these previous findings 

with the possibility that the speakers may have used clearer 

(hyperarticulated) speech in the two adult conditions as part 

of a more instructional ‘teacher’ manner of speaking with an 

increased focus on the target words.  In contrast, we observed 

the speakers’ ‘dialogue’ in IDS to be bracketed by typical 

‘baby sounds’ with less attempt to teach ‘their imaginary 

infants’ the words [12].  It is possible that standardized 

sentence production alleviated this problem in the present 

study, as the speakers would be forced to focus on the target 

words in each speech recipient condition in a similar manner, 

because each focus word was preceded by the same series of 

words.  

Nonetheless, although a slight relative improvement in 

hyperarticulation in the sentences condition may have 

occurred, the results still do not approximate those of the 

natural speech samples [9].  A factor that may have inhibited 

the production of hyperarticulation is that the sentences in the 

present study were quite directive in nature (for instance, 

“Look at the ‘shark’”).  We chose these sentences 

deliberately to eliminate potential sources of variance that 

might have occurred in the ‘free speech’ condition due to 

variable positioning of the target word.  The possibility exists 

that articulation levels between IDS, ADS and FDS were 

similar because the speakers were required to use a directive-

attentional speech type across the three speech groups.  

Further research should investigate sentences using different 

communicative intentions.  For instance, directive-attentional 

utterances could be compared to emotional-affective or 

linguistic-instructional sentences, which would indicate 

whether choice of sentence affected the current results.  
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One aspect that should be taken into account and might 

explain the improvement in performance for mean F0, is that 

the sentences condition always succeeded each respective 

‘free speech’ condition.  This was an intentional measure 

intended to put the participants into the right mindset for each 

sentences condition, similar to procedures used in basic 

emotional research [see 10].  It is thus possible that a slight 

training effect may have taken place for the increased F0.  

This would also be supported by the observation that the 

majority of speakers found the sentence condition easier than 

the ‘free speech’ condition.  It is possible that this ‘previous 

training’ might have resulted in a more practiced and relaxed 

speech production, which consequently was perceived as less 

difficult by the speakers.  Further investigations of such 

training effects are highly desirable.   

It is nevertheless surprising that the hyperarticulation 

measures did not benefit from this training effect.  The reason 

for this could be explained by the differing levels of 

conspicuousness of these two acoustic characteristics. 

Increased F0 (pitch) is a more distinctive feature of IDS that 

is easily perceived by a naïve listener, and might thus be 

more likely to be approximated in ‘imaginary interactions’ 

particularly where a training effect is present.  In contrast, 

hyperarticulation is considered to be an unconscious speech 

modification [e.g. 5], which might be less discernable or even 

impossible to detect by a listener, and therefore more difficult 

to replicate in an imaginary interaction.  To date, the 

occurrence of hyperarticulation (here specifically F1/F2 

vowel space expansion) in comparative IDS research seems 

to have been mainly reported in studies using real interaction 

partners who are perceived to be in need of some kind of 

linguistic modification [e.g. 5, 9].  This speech partner does 

not necessarily need to be human.  For instance Oviatt et al. 

[14] showed that increasing hyperarticulation occurs during a 

progressive error resolution task in operator to computer 

speech recognition.  A strong possibility exists that relevant 

‘error’ feedback from a physically present interaction partner 

genuinely perceived as needing clarity-enhancing linguistic 

modification, is crucial in eliciting this important feature in 

IDS (or any other relevant comparison speech recipient 

group). 

 

5. Conclusions 

The closer similarity of F0 values in target words in scripted 

sentences to those of natural speech may relate either to a 

reduction in task overload, or even to slight training effects.  

However, further research is required to investigate the 

relative importance of these factors.  The difficulty in 

replicating hyperarticulation in imaginary contexts raises the 

question of what makes this modification such a unique 

characteristic in terms of its occurrence in linguistically 

relevant speech.  Our findings here suggest that a two-way 

dynamic feedback between speaker and listener is probably 

fundamental in the process of generating appropriate speech 

modifications.  Until the factors that facilitate or hinder 

hyperarticulation in specific experimental situational contexts 

are better understood, there is a need for careful consideration 

when using contrived sentences and imaginary situations. 
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