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Abstract: This study investigates the relationship between the sublexical content of 

texts in English and the emotional valence they evoke. The statistical analysis of 

emotionally annotated sentences revealed a strong correlation between this sublexical 

presentation and the evaluations of valence provided by the readers. The weights of 

the sublexical units representing the emotional valence, obtained from the corpus, were 

applied on data outside of it, proving the validity of the finding.  
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Introduction 

The assumption researched in this paper is based on the fact that languages 

are used to convey information.  

https://doi.org/10.54521/ijita30-03-p01
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In compliance with the distinction between information and data accepted in the 

domain of data mining, where the process of data mining is defined as the 

extraction of implicit, previously unknown, and potentially useful information 

from data, the term information, used hereafter, is based on the following 

definition: “Data are sensory stimuli that we perceive through our senses. 

Information is data that has been processed into a form that is meaningful to the 

recipient.”[Davis & Olson, 1985].  

Information is encoded by the speaker, who is the source of the language 

message, and is decoded by the recipient, who is assumed to use the same 

conceptual frame when decoding it (Fig. 1). The general idea of the research 

presented here is based on the hypothesis that inside the phonetic 

characteristics of speech both meaning and emotion are encoded and 

transmitted.   

 

 

Figure 1. General Outline 

 

Coded information 
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Specialized research leads to the conclusion that emotions are fundamental 

characteristics of several animal species and the communication in their 

societies is used to convey emotional information. As for the human emotions, 

their study and categorization dates back to antiquity. Two models of emotion 

are used in the contemporary scientific fields – a discrete model and VAD. The 

discrete model [Ekman, P., 1999] is based on the way we label emotions in our 

daily interactions. There is however no consensus on the labels and as a result 

several sets of labels exist.  

Recently in science a different approach is preferred. The most popular model 

[Russell & Mehrabian, 1977] is called VAD. It is an abbreviation of the words 

Valence, Arousal and Dominance. Those are the three dimensions that all 

emotions are placed in. Valence indicates the positive or negative (pleasant or 

unpleasant) aspect of the emotion. Arousal indicates the degree of excitement. 

Dominance shows one’s status regarding the emotion-causing event. 

Some results from other domains 

The studies, presented here, investigate the hypothesis that emotions can be 

found in the phonemic content of speech and can therefore be found in written 

language. 

Although the exact “biological” mechanisms by which language transmits 

emotion are not fully understood, recent results have shown a clear connection 

between language constituents and emotion. Numerous pieces of evidence 

from functional magnetic resonance imaging (fMRI) also showed the existence 

of specific brain regions activated only by unpleasant words and regions 

activated only by pleasant words. Such results lead to the idea that some 
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indicators of emotional valence appear in the “meaning-communication 

protocol” – that is – they are detectable in speaking and writing.  

The analysis presented next concerns emotional processing in reading. It is 

known from fMRI and event-related potential (ERP) studies that after visual 

recognition of the word-input, the orthographic information is transmitted for 

„analysis” to the auditory cortex where it automatically gains its corresponding 

phonetic content. Recognition of lexical meaning proceeds in accord with the 

processing of presented spoken word-sequences – that is, as perceived 

speech. For that reason in our study work with written language, assuming that 

the transmission of emotion is detectable in the phonemic content of the text 

itself.  

Several recent studies confirm this assumption. For example Ariani, Ullrich, and 

colleagues [Aryani, Kraxenberger, Ullrich et al, 2016] performed several text-

emotion studies of German poetry and found that the sublexical representation 

contains features that can predict emotional effects. In these studies, the 

authors applied the reasoning of Gestalt psychology and examined the 

language phonological content into layers. The sublexical level investigated by 

Ariani and colleagues showed that both single phonemes and sub-syllabic 

segments (onset, nucleus, and coda) provide information that is relevant for the 

investigation of emotion-related phonological iconicity. In the approach 

presented here we work with the assumption that a text is a whole-body 

composed of gradual phonemic layers – from phones to syllables, words, 

sentences, etc. and all of these layers influence the reader. 

Another recent study of Adelman and colleagues [Adelman, Estes & Cossu  

2018] conducted a data-analysis emotion evaluated corpora of English, 
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German, Dutch, Spanish, and Polish words. They discovered that for all these 

languages there is a correlation between the phonological properties of 

individual phonemes and the emotional valence of these words. All of these 

findings, the authors reasoned, would be likely to benefit a person's chances of 

survival in cases of suddenly announced danger. 

The important result that led us to investigate a more specific phonemic layer is 

the exploration of the emotion-effects of syllables, composed of two phonemes. 

Kawahara and Shinohara [Kawahara & Shinohara 2012] investigated phoneme 

pairs of the type consonant-vowel (c-v) in pseudo-words, organized in two types 

of phonological stimuli of non-words: “abrupt” (“Stop condition” – e.g. [/tadi/]) 

and “sonorant” (“Sonorant condition” – e.g. [/maji/]). The study demonstrated a 

tripartite trans-modal sound-symbolic relationship between auditory speech-

sounds, visual shapes, and emotions. 

Having those previous research results in mind, we decided to investigate 

further the possibility of emotional information encoded in the sublexical content 

of pairs of sounds, containing one vowel and one consonant, further called 

biphones.  

 

Performed investigations 

We conducted several studies of these phenomena on texts in English, 

gradually increasing our understanding of it.  
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In our first attempt to study the phenomena we investigated the relationship 

between the sublexical level of texts in natural language (English) and the 

valence of the texts (Fig. 2), based on phoneme pairs of the type – vowel-

consonant (v-c), that are the inverse of what Kawahara, S., & Shinohara 

investigated. Two phonological types of v-c were investigated – vowel-abrupt 

(e.g., /ʊt/) and vowel-sonorant (e.g.,/iːm/). The statistical result showed that 

subsets of both types of v-c phoneme pairings were correlated with valence 

[Slavova, 2019]. 

The result from this experiment was promising and we continued our research. 

Our primary goal was to accumulate a statistically significant amount of reliably 

evaluated texts. 

 

 

Figure 2. Settings of the Initial experimental and part of the result  
 

 

We found a solution by using the EmoBank corpus [EmoBank] - a large-scale 

text corpus manually annotated with emotion according to the psychological 
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Valence-Arousal-Dominance scheme [Buechel, S., & Hahn, U. 2022]. EmoBank 

contains 10,549 sentences taken from 136 different documents, classified into 7 

genres – blog, essays, fiction, letters, newspaper, “SemEval”, and travel-guides. 

(“SemEval” is a dataset of news headlines from major newspapers such as the 

New York Times, CNN, and BBC News, as well as from the Google News 

search engine). 

The EmoBank corpus was locally stored and treated to extract phonemic 

metadata from emotionally evaluated texts. The text of the sentences was 

parsed and the phonetic transcription of each word was found using Oxford 

Online Dictionary and stored in the local database (for details see [Andonov & 

Slavova 2019] 

 

 

Figure 3. Database for the investigation of the sentences in EmoBank 
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The get to the sublexical level we investigated biphones consisting of one vowel 

and one consonant in either order, because in speech such biphones make the 

word pronunciation possible and are the building blocks of word formation.  

As a first step, models for all the possible biphones were obtained using the full 

set of phonemes as defined in the English language – the set V of vowels and 

the set C of consonants (Fig. 4). Next, the phonemic transcriptions of the words 

as found in Oxford dictionary were parsed using these models and the biphonic 

decomposition of the words was obtained.  

 

 

Figure 4. The biphones  
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Thus having the biphonic decompositions of the words, the biphonic content of 

each sentence in EmoBank was obtained.  

The frequencies of the sublexical units - the biphones - defined in such way 

turned out to have important differences in positive and negative texts from 

EmoBank. The plot in Fig. 5 shows the number of occurrences of some 

biphones in 500 positive and 500 negative sentences from EmoBank. Certain 

biphones participate with quite a different frequency in positive and negative 

sentences. 

 

 

 

 

 

Figure 5. Frequencies of biphones in positive and negative sentences from 

EmoBank. 

 

The main principle underlying the used statistical approach is based on applying 
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To treat statistically the corpus’ sentences, they were first filtered. Only 

sentences with valence-score different than 0 and with high between evaluators 

agreement (SD of the evaluations < 1) were taken. This filtering provided 6,466 

sentences, covering all 7 genres. The filtered sub-sample comprises 88,676 

occurrences of transcribed words containing 212,244 occurrences of biphones 

with 746 distinct biphones, where the occurrences of proper nouns and 

numerals were intentionally discarded. 

 

Statistical analysis of the relationship between emotional valence and the 

phonemic content 

Further, the sentences from EmoBank were grouped into bigger textual portions 

to obtain statistically informative sources. 

The data observation showed that a textual material should contain around 

3300 words to have a reasonable chance of containing a representative subset 

of the biphones found in the corpus. For composing textual data-sources of that 

required length, we sorted the sentences according to their valence and then 

split the sorted list of sentences into fractions [Slavova, 2020]. That resulted in 

22 valence layers of approximately 3300 words each, where all the filtered 

sentences were included (each sentence belonging to only one layer). Further, 

the sentences from each of these layers are considered as a distinct textual 

source called an artificial document. The valence of the artificial documents was 

calculated as the mean of the valence of the sentences from the corresponding 

valence layer. We discovered that the valence of the artificial documents is well 

fitted by a linear function (see [Slavova, 2021]).  
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To compare the biphonic content of the artificial documents with their valence, a 

frequency measure for the biphones - a Biphonic Ratio per Document 

(RatBiph),  

            
       

               
 (1) 

Where: 

NBiphij is the number of occurrences of biphone i (i=1 to 746) in the artificial 

document j,  

NWordj is the number of transcribed words in the document j (j = 1 to 22) and 

NBiphj is the number of biphones in the syllabic flow of the artificial document 

j.  

As the Biphonic Ratios have very small values, to facilitate the observation of 

the obtained metadata, they were multiplied by k=106. 

The Biphonic Ratio per Document shows the extent of involvement, per word, of 

a given biphone in a particular artificial document. Using this frequency 

measure for the biphones, the 22 artificial documents were presented in a 746-

dimensional statistical space – one axis for each biphonic ratio. Further this 

statistical space is called a biphonic space, in which each document is depicted 

by its corresponding biphonic ratios. 
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Many biphonic ratios are highly correlated between them. For example, the ratio 

of /ɑːd/ is correlated with this of /æf/ at r = 0,486. This phenomenon was 

expected, as it is a normal phonemic property of any language. 

The regression procedure, applied to deal with the multicollinearity in the 

language data, was Principal Component Regression (PCR) - a technique often 

used for regressing data with numerous correlated predictors. 

Following the procedure of PCR, the first step consisted of dimension reduction 

using Principal Component Analysis (PCA). The initial 746-dimensional space 

was reduced (having eigenvalues > 1, where 100% of the variance was 

extracted) to 21 principal components (PCs). 

This reduced space, expressing independent features of the phonological 

metadata, is further called a PC Biphonic space. The 22 documents’ 

coordinates were recalculated and the documents – “placed” in the obtained PC 

Biphonic space. Following the standard procedure of Principal Component 

Regression, the 21 PCs were used as predictors of valence instead of the 764 

individual biphonic ratios. The linear regression of valence on the PCs showed 

that 20 of the 21 PCs have practically no influence on valence. The result 

showed that the documents’ valence is not correlated with 20 of the 21 PCs. 

Documents’ valence displayed a very strong and reliable correlation with one 

PC2. [Slavova, V. 2021]. 

The result of this analysis shows a statistically reliable pattern. It makes evident 

the existence of a relation between the biphonic content of a long text and the 

valence of the emotion that the text evokes in the reader. 
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Further, it was tested whether the used sublexical approach gives results that 

are in agreement with other results in the domain of emotional sound-

symbolism. 

 

 

 Figure 6. Part of the statistical space of the biphonic ratios RatBiph 

 

Adelman and colleagues, based on analysis of emotion-evaluated vocabularies 

of English, German, Dutch, Spanish, and Polish, reported that the first phoneme 

in the words has particular importance for the word’s emotional charge. Using 

the approach and procedure described here, we checked whether this 

positional effect concerns the first biphone too. The biphones placed on the first 
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position of the words (a subset of 532 biphones out of the 746 biphones in the 

complete words) were taken and the obtained first-biphones’ statistical space 

was analyzed. The dimension reduction of the “first-biphone” space (21 PCs, 

100% variance extracted) revealed that the First PC of this space is strongly 

correlated (Person’s r = -0,918, p < 0.001 ) with the valence assessed by 

EmoBank’s readers. 

This result is in agreement with the effect of the first phoneme, reported by 

Adelman and colleagues. It should be noted that the PC1 based on the first 

biphones is very strongly correlated (Person’s r = 0.938, p < 0.001) with the 

PC2 of the complete biphonic space. The explanation of this property of the first 

phonemic position requires further attentive analysis. 

The result of the applied principle component regression makes evident the 

existence of a strong relationship between the phonemic content of a valence-

homogeneous text (about 1.5 pages long) and the emotional valence that it 

inspires in the reader. 

Thus, the phonemic content of the communication can be used as a relevant 

characteristic of the emotional valence, embedded in the language 

communication. 
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Figure 7. The Pearson’s correlation between Valence and PC2 is r = - 0.961 (p 

< 0.001). 

 

Exporting the dependencies out of the corpus 

Our effort was focused on searching dependencies between the biphonic 

content and the emotional valence in our corpus of emotionally annotated texts. 

We found that there is a strong correlation within the corpus. A required further 

step is to confirm the validity of findings outside the corpus. We did this by 

applying the calculated dependencies to a big variety of texts outside the corpus 
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[Slavova & Andonov 2022]. There are several differences between the real 

world texts and the artificially created documents from the corpus. The 

sentences in EmoBank in every artificial document are homogeneous in 

valence, but do not represent a coherent text. The real world texts on the other 

hand are rarely homogenous in valence on the scale of several pages, as the 

narrative changes.  

To apply the relatedness between biphonic content and emotional valence 

parameters found in EmoBank outside of it, a “weight” WBiph was attributed to 

each biphone, that we called a “biphonic weight”. The biphonic weight WBiph 

was obtained as а correlation coefficient (Pearson) of the interdependence 

between the participation scores of the biphone and the valence of portions of 

evaluated sentences (see [Slavova 2020]). The biphonic weight indicates 

whether the biphone is related to positive or negative valence and shows the 

strength of this relation. 

 

 

Figure 8. Weights WBiphi of the biphones 
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Assembling test samples 

We performed a statistical analysis based on internet news texts (Fig. 2) in two 

separate samples. In the first sample (A) the articles were manually selected for 

inclusion based on the presence of keywords with known emotional valence. 

We used the 100 most positively (e.g.  love, peace, happiness) and 100 most 

negatively (e.g. horrible, kidnapped, error) charged words from Glasgow Norms 

[Scott et al, 2018] and NoVAD [Warriner, Kuperman & Brysbaert, 2013] 

dictionaries. A 38% of the texts were evaluated by 7 participants proficient in 

English in order to check if the presence of a single keyword in the headline is a 

reliable predictor of the overall emotional valence of the text. We found 96.8% fit 

between the emotional keyword in the headline and the readers’ assessments 

and thus we concluded that the presence of an emotional keyword in the 

headline is reliable and this list of emotional keywords can be used for 

automatic retrieval of positive and negative news items.  

 

Figure 9. General scheme of the test of the dependencies outside the corpus 
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Sample B contains automatically downloaded news items using the same list of 

keywords. A hundred news items published on the Internet were downloaded 

during three distinct one-week periods in 2021. Covered topics include crime 

and justice, environment, business, economy, sports, politics and society, 

science, etc. The texts were assigned to either positive or negative class 

depending on the keyword in the headline. 

Next the texts of the news items from both samples were decomposed to obtain 

their biphonic content (the occurrences of proper nouns and numerals were 

intentionally discarded). We had 50,259 occurrences of biphones in Sample A 

and 175,312 occurrences of biphones in Sample B. To evaluate the indicated 

by the biphonic content Valence, we used the following measure: 

        
                 

      
 (2) 

Where: 

WNews is the biphonic weight of the news item j; 

WBiphi is the weight of the biphone i ; 

NWordj is the number of words in news item j. 

Here is shown the interdependency between the phonemic characteristics of 

Sample B and the emotional tone of the texts selected by keyword and 

evaluated by subjects. The median weight derived from the corpus splits the 

series well in correspondence with the assessed positive and negative 

emotional tones (Fig. 10). 
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In Sample A the correlation between the phonemic weight of the series of texts 

and their positive-negative valence (dummy coded) is r = 0.565 (p<0.001). For 

Sample B we applied a regression procedure to the weights WNewsj of the 

texts, where the dependent variable was “tone of the headline” (dummy coded). 

The phonemic weights of the texts in Sample B correlate with the emotional 

tone at r = 0.625, p< 0.0001.  

 

Figure 10. Phonemic weights of the texts from Sample B and their emotional 

tone as announced in the headline. 
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We found that the histogram of the statistical variable WNews is bimodal. We 

tested whether the factor causing this bimodality is the positive or negative tone. 

The weights WNews showed a clear split in two statistical groups with different 

Means for the two sub-samples (Mean positive = –0.09 and Mean negative = –

0.46). The performed ANOVA (with Levene test for homogeneity of variances), 

gave definitive result: Mean squares was 0.001 within the groups, 0.032 

between the groups, with F = 62.01, p< 0.0001. 

 

 

Figure 11. Histograms - the weights of the positive and the negative 

subsemples in Sample B 
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Conclusion 

The statistical results show that the phonemic content of real-world texts 

displays clear association with emotional valence. We are not aware of an 

explanation of the observed results. If we consider that there exist two sources 

of information concerning emotional valence - the meaning of the message and 

the entire phonemic content structured in some chosen frame of discourse our 

finding shows that these two channels transmit similar emotional information. 

Thus the phonemic content of the words evolved reflecting the emotional 

component of the meaning that they possess. 

From this result, it is not possible to explain according to what principle the 

observed phonetic type of emotion transfer has entered the language content. 

In all cases, texts’ biphonic decomposition shows such a property. 

As the texts in the artificial documents are composed of sentences, one may 

expect that the emotional valence perceived by the readers is stimulated by the 

sentences' meanings. 

That suggests that the set of all the words used in the sentences of lengthy 

valence-homogeneous texts is not with arbitrary phonemic content, but with a 

phonemic content that reflects the involved emotional valence. 

Researchers in the domain of robotics started to propose and implement 

systems based on phoneme occurrence rates and to use them as the input 

features for classifiers. 

Recent results confirm the significance of the phonemic features - the level of 

accuracy when using such an approach is comparable to that of current state-
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of-the-art methods and, importantly, the required training time is significantly 

reduced from hours to minutes. 
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