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FBK-SE Research Unit

• One of the research unit of the biggest 
Research Institute of FBK, the ICT-Information 
and Communication Technology research 
center (https://ict.fbk.eu/), founded ~ 35 
years ago as an AI-research center

• Two main research areas: Requirements 
Engineering and Testing

• Part of the Smart Digital Industry High Impact 
Initiative at the ICT research institute
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Past Research on NLP for RE

• Manual analysis of unstructured textual specification at support of formal specification
• Automated analysis of online discussions: speech-act based analysis



From Unstructured text to Semi-formal 
Requirements

• EURAILCHECK ERA 
project

• Railways, an highly 
technical domain

• NL textual specification 
document may contain 
entity definitions, 
functional aspect, etc.

Example from the “Movement Authority” section of the 
Specifications

1.2. For each section composing the Movement Authority the following 
information shall be given;
1.2.1 Length of the section
1.2.2 Optionally, Section time-out value and distance from beginning of 
section to Section Time-out stop location
…
7.8.4.1.1 The End Section timer shall be started on-board when the train passes 

the End Section danger location given by its front end.

section End section

Movement authority

Danger point

section

Overlap
Between
Moving 
Authorities

Ground 
System

MA



Methodology for the analysis and 
validation of requirements specifications

1. Identification of categories 

by looking at linguistic 
patterns (manual analysis)

• E.g. glossary term; functionality 

2. Formalization into Linear 

Temporal Logic formulae

3. Verification and validation via 

model-checking

---

Alessandro Cimatti, Marco Roveri, Angelo Susi, Stefano Tonetta:

Validation of requirements for hybrid systems: A formal approach. ACM Trans. Softw. Eng. 

Methodol. 21(4): 22:1-22:34 (2012)



Speech-act based analysis technique*

__________

1Austin (1962), Searle (1969), Bach and Harnish (1979)
* Itzel Morales-Ramirez  PHD Thesis / Morales-Ramirez, Perini, Ceccato CAISE-forum14

Chapter 5. Speech-Act based Analysis of User Feedback

3. Splitting into tokens: we make use of a tokeniser provided in GATE to split the sentences
into words.

4. Tagging tokens: then we run a POS tagger to tag each token into categories of nouns,
verbs, punctuation, etc.

5. Lemmatising: the morphological analyser provided by GATE is used to lemmatise each
word to its root, the example in the figure is the verb “wondering” into “wonder”.

6. Gazetteers: in this process the Gazetteer’ lists are used to identify specific verbs we have
selected and that refer to intentions.

7. Applying rules: we use the JAPE rules to annotate the speech acts in the text. This is
the last step that needs each word to be tagged with a POS tag, lemmatised and recog-
nised by the Gazetteers. For the annotation of Positive and Negative opinion we are using
SentiWordNet version 3.0.0 [46]

?? I was 
wondering if

%$&/?

I was wondering if 
the file Config.xml 

is missing. Is it 
right?

(1) Cleaning and 
pre-processing

(2) Splitting into 
sentences

RegEx

<I was wondering 
if the file ... >
 <Is it right?>

(3) Splitting into 
tokens

Tokeniser

<I> <was> 
<wondering> <if> 

<the> <file> ... 

(4) Tagging 
tokens

POS tagger

<PRP, I> 
<VBD,was> 

<VBG,wondering> 
<IN,if> <DT,the>  

(6) Indicating 
words from 
Gazetteers

(5) Lemmatising
Morphological 

analyser

<PRP, I> 
<VBD,was> 

<VBG,wonder> 
<IN,if> <DT,the>  

Gazetteers
wonder

(7) Applying rules

<Concessive,<PRP, I> 
<VBD,was> 

<VBG,wonder>>
<IN,if> <DT,the>  

JAPE rules

Figure 5.4: Process to identify speech acts and annotate intentions

After the annotation is executed, the tool parses the files to extract only the speech-acts
tags and the corresponding intentions found in the text and a CSV file is generated by each
discussion thread. Each file contains the discussants’ name and the intention(s) identified in
their messages.
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• Speech-acts1 (when we speak we
affect the behaviour of the audience)
• Example: 

• “I have a problem when saving the 
document, please check it”

• NLP tools support the analysis of text 
to discover speech-acts
• Part-Of-Speech taggers, key words
• speech-act categories (ref. illocutionary

act): e.g. informative, responsive, 
requestive and assertive, etc.

• 142 lexico-syntatic rules for each
speech-act category



Automated analysis of online discussions
Using SA-based analysis technique 

__________

Morales-Ramirez, Kifetew, Perini, CAISE17 and IS journal 2018
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Table 4  
AOO:Using the 43 parameters. 

RF J48 SMO 
P R F-M P R F-M P R F-M 

Enhancement 0.87 0.76 0.81  0.79  0.74 0.77 0.77 0.53 0.63 
Other 0.79  0.89  0.84  0.76 0.81 0.78 0.64 0.84 0.73 

Table 5  
AOO:using 34 parameters (no sentiment). 

RF J48 SMO 
P R F-M P R F-M P R F-M 

Enhancement 0.85 0.76 0.80 0.83 0.71 0.77 0.78 0.51 0.62 
Other 0.78 0.87 0.82  0.75 0.86 0.80 0.64 0.85 0.73 

Table 6  
AOO:using 25 parameters (no speech acts). 

RF J48 SMO 
P R F-M P R F-M P R F-M 

Enhancement 0.84 0.74 0.79  0.77 0.71 0.74 0.70 0.48 0.57 
Other 0.77 0.86 0.81  0.73 0.79  0.76 0.60 0.80 0.69  

Table 7 
SEnerCON : using 43 parameters. 

RF J48 SMO 
P R F-M P R F-M P R F-M 

Enhancement 0.86 0.77 0.81  0.75 0.70 0.72 0.73 0.52 0.61 
Other 0.80 0.88 0.84  0.73 0.77 0.75 0.64 0.82 0.72 

Table 8 
SEnerCON : using 34 parameters (no sentiment). 

RF J48 SMO 
P R F-M P R F-M P R F-M 

Enhancement 0.86 0.76 0.81  0.75 0.66 0.70 0.70 0.46 0.56 
Other 0.80 0.88 0.84  0.71 0.80 0.75 0.62 0.82 0.70 

Table 9  
SEnerCON : using 25 parameters (no speech acts). 

RF J48 SMO 
P R F-M P R F-M P R F-M 

Enhancement 0.83 0.77 0.80 0.73 0.68 0.70 0.71 0.46 0.56 
Other 0.80 0.85 0.83  0.71 0.76 0.74 0.62 0.82 0.71 

for Enhancement is reduced to 0.80 and for Other to 0.82, while 
in Table 6 , using 25 parameters (excluding the speech-acts param- 
eters) the F-Measure for Enhancement is 0.79  and for Other 0.81. 
These results, compared to the conference version of this paper, 
have greatly improved. The best F-Measure values in the confer- 
ence version are 0.68 for Enhancement and 0.74 for Defect . 

The results for the SEnerCON dataset are shown in Tables 7–9  . 
By using the 43 parameters, see Table 7 , we have F-Measure of 
0.81 for Enhancement and 0.84 for Other with the RF algorithm. 
The same results occur for the AOO dataset using the 43 param- 
eters; and in Table 8 we see that the same results are obtained 
by using 34 parameters (no sentiment). If we remove the speech- 
acts parameters, it means using only 25 parameters ( Table 9  ) we 
notice that the performance is 0.80 for Enhancement and 0.83 for 
Other , which is not changing significantly the accuracy. The other 
algorithms J48 and SMO perform lower than RF in all cases. 

5.3. Correlation between speech-acts and importance of the feedback 
In order to analyse the interaction, if any, between speech-acts 

and feedback type, as well as speech-acts and importance associ- 
ated with the issue, we perform statistical tests of correlation on 
these variables. Furthermore, we perform correspondence analysis 
to further explore the bilateral interactions present. In particular, 
we analyse the interaction between speech-acts and issue priority . 
We focus on issue priority because it is assigned to the issues by 
the development team, in particular by managers or team leaders, 
according to the severity of the issue reported by the user (who 
created the issue) as well as the developers’ assessment of the is- 
sue. Furthermore, other factors, such as resource availability, are 
also likely to be taken into consideration while assigning a par- 
ticular priority to an issue. Hence, we assess how speech-acts in- 
teract with issue priority to see if any patterns emerge and could 
serve as indicators of overall issue importance. Towards this ob- 
jective, we first perform a statistical test to establish significant 
dependence between speech-acts and priority. Then, we analyse 
the association between individual speech-act types and priority 
levels. 
5.3.1. Test of independence between speech-acts and issue priority 

In order to assess the relation between speech-acts and issue 
priority , we performed the Chi-squared statistical test of indepen- 
dence, since both variables are categorical. The null hypothesis is 
formulated as follows: 

H 0 : speech-acts of issues in AOO are independent of the pri- 
ority assigned to the issues by AOO team. 

We constructed a contingency table from speech-acts and is- 
sue priority (shown in Table 10 ). The values shown in Table 10 are 
at sentence level, because the speech-acts are determined for each 
sentence. We then applied Pearson’s Chi-square test in the R sta- 
tistical package, with significance level of 0.05. Notice that the fre- 
quencies for priority level P1 contain a few values below 5 (see 
Table 10 ), hence the computation of the Chi-square statistic is ap- 
proximate. The p -value obtained from the Chi-square test is less 
than 2.2e −16, which is below the significance level of 0.05. Hence, 
we reject the null hypothesis which states that speech-acts and is- 
sue priority are independent. 
5.3.2. Analysis of association between speech-acts and issue priority 

The fact that null hypothesis in the previous section was re- 
jected implies that speech-acts and issue priority do indeed inter- 
act. We now analyse the interactions among the various speech-acts 
and priority levels by means of association plots and Pearson resid- 
uals, according to what is suggested for categorical variables [30] . 

Fig. 6 shows the association plot between speech-acts and prior- 
ity, generated using the assoc function in the R statistical pack- 
age [31] . To enhance readability, the speech-acts shown in Fig. 6 are 
grouped following the speech-act categories shown in Table 1 . 

In the plot shown in Fig. 6 , the shaded tiles represent deviations 
(residuals) from independence. The dimensions of the tiles are pro- 
portional to the absolute value of the residuals, i.e. differences be- 
tween observed and expected frequencies. The sign (positive or 
negative) depends on the direction of the difference, i.e. whether 
the expected frequency was higher than the observed, and vice 
versa. Values (absolute) below 2 are not shaded, values below 4 are 
shaded in light colour, and values above 4 are shaded with full sat- 
uration. Positive residuals are shaded in blue, while negative resid- 
uals are shaded in red. The horizontal dotted lines indicate the line 
of independence. The association plot visually depicts the interac- 
tions between the speech-act types and priority levels. For instance, 
we can observe a strong interaction between the speech-act cate- 
gory c-Attachment and all priority levels, in particular priority lev- 
els P2 and P4  . Similarly, we can easily see that the speech-act cat- 

Please cite this article as: I. Morales-Ramirez et al., Speech-acts based analysis for requirements discovery from online discussions, 
Information Systems (2018), https://doi.org/10.1016/j.is.2018.08.003 

Automated analysis of online discussions
RQ: Can the speech-acts be used as parameters to classify defect reports, and 
feature or enhancement requests?
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• Apache Open Office (AOO) dataset
• user feedback gathered from the 

AOO issue tracking system
• 161K textual comments (2001-2017)

• Parameters
• E.g. number of informative / 

responsive / requestive and 
assertive expressions, attach / 
logFile / urlLink

• 3 ML algorithms in WEKA1

• Random Forest
• J48
• SMO__________

1https://www.cs.waikato.ac.nz/ml/weka/
* Morales-Ramirez, Kifetew, Perini, IS journal 2018. Speech-acts based analysis for requirements discovery from online 
discussions
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Ongoing

• User-feedback driven Issue Prioritization
• App review analysis at support of RE decisions

• Jacek Dabrowski, Emmanuel Letier, Anna Perini, and Angelo Susi. Finding and analyzing app 
reviews related to specic features: A research preview. (REFSQ 2019, on Thursday 9:30



User-feedback driven Issue Prioritization

a) Associating feedback to 
issues (bug/ feature 
requests)
• e.g. term-based similarity

technique, like cosine similarity
(properties: features, topics)

b) Extract properties of 
feedback

c) Infer issue rankings based on  
associated feedback’s 
properties
• Calculating aggregate 

function, e.g. sentiment / 
severity about the related
issues, by mean of the set of 
values of the derived
propertiesI’d like …

It would be nice 
if …

I like this…

It don’t like

__________
* Based on RE:NEXT 2017 paper



Concluding Remarks

• FBK-SE experience:
• Type of data

• NL textual document in highly 
technical domains (e.g. Railways 
domain)

• NL textual messages in online 
discussion about software use and 
development

• NL textual messages in online user 
feedback

• Objective/Tasks:
• Formal specification of system 

requirements for the purpose of 
automated requirements verification

• Automated classification of online 
discussion into issue type (e.g. bug, 
new or enhanced functionalities)

• Automated support to software 
developers / requirements engineers

• FBK-SE Future:
• Combining model-driven and data-driven engineering
• Preferred application domain: Smart Industry
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Thank you for your attention
Questions?


