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Abstract. There is a growing interest in the use of Design Thinking (DT) to en-

rich requirements elicitation processes. This fact motivated us to explore the use 

of user-centered and empathy-oriented techniques taken from the DT process, in 

combination with the Brainstorming technique, usually used alone, for require-

ments elicitation. Specifically, we carried out a quasi-experiment to compare the 

Effectiveness of Brainstorming sessions in terms of the number of ideas of re-

quirements generated, and the Identified Stakeholders, complementing the Brain-

storming sessions with two of the most widely used DT techniques: Empathy 

Maps and Personas. Therefore, we consider three treatments: Personas + Brain-

storming, Empathy Maps + Brainstorming, and Brainstorming alone (control 

group). The quasi-experiment was carried out with 74 students enrolled in the 

Bachelor of Computer Engineering course at the Universitat Politècnica de Va-

lència in 2021. The results reveal a statistically significant effect on Identified 

Stakeholders when using Empathy Maps. Descriptive analysis also shows an in-

crease in Identified Stakeholders when using Personas, and in the Effectiveness 

of Brainstorming sessions when used together with Empathy Maps or Personas. 

There is also a variation in the type of ideas, with the number of functional ideas 

being higher, and that of non-functional ideas being lower when Empathy Maps 

are used. These results seem to indicate that Brainstorming sessions are improved 

when complemented with Empathy Maps or personas techniques. However, we 

still do not have enough evidence to recommend either Personas or Empathy 

Maps. Therefore, further experimentations will be needed to obtain more conclu-

sive results considering some improvements that are discussed in the paper. 

Keywords: Requirement Engineering, Requirements elicitation process, Design 

Thinking, Empathy Map, Personas, Quasi-experiment. 

1 Introduction 

The first work that linked Design Thinking (DT) to Requirements Engineering (RE) 

appeared more than nine years ago [1] and, since then, the interest in this topic has been 

increasing. Nowadays, there are several studies demonstrating the potential of applying 

DT in synergy with RE, in particular with the requirements elicitation phase [2–5]. Alt-

hough these studies show that it would be possible to improve the RE process by the 
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application of DT [6], there is insufficient evidence as to which DT techniques are more 

appropriate or yield better results. As Brainstorming is often used as an individual elic-

itation technique [7], previous research would suggest that it is possible to improve the 

Effectiveness of the ideas of requirements generated during a Brainstorming session, 

complementing it with other user-centered and empathy-driven ideas [5]. As already 

stated in previous work, empathy is a key feature of the requirements elicitation process 

and also of DT in general [5, 8]. Empathy is a concept that includes both the involuntary 

act of feeling sympathy for someone else and the cognitive act of placing oneself in 

another’s position and adopting their perspective [9]. It is the attempt to reconstruct the 

specific perspective of another person and how they perceive the situation. Although 

empathy development occurs in all stages of DT, it is particularly relevant during the 

“Empathize” stage, which is usually the first stage of the process.  

In an earlier quasi-experiment, we proposed a requirements elicitation process that 

included an empathy stage [5]. The independent variable of interest was the elicitation 

technique used with two treatments 1) Empathy Maps + Personas + Brainstorming 

(EM+P+B), and 2) Personas + Brainstorming (P+B). The dependent variable was Ef-

fectiveness, measured as the quantity of ideas of requirements (QIR) generated. Several 

interesting insights emerged from this study, such as an increase in the number of func-

tional ideas of requirements, and an improvement in the perception of usefulness of the 

Brainstorming technique when using Empathy Maps. Some of the learnings and limi-

tations of this quasi-experiment were: 1) not having defined a specific treatment to 

evaluate the Empathy Maps technique alone prevented from discovering if it contrib-

uted more or less to the Brainstorming session; 2) also, the subject´s perception revealed 

that the Perceived Utility of Personas was lower in the Empathy Maps and Personas 

treatment (first treatment) - this could be interpreted as a certain level of overlapping 

between Empathy Maps and Personas; and 3) after analysing the ideas of requirements 

generated by the participants, several inconsistencies, contradictions, or reiterations 

were found. This showed the need to provide the participants with a template for spec-

ifying the ideas of requirements during the generation phase of the Brainstorming ses-

sion.  

Considering the above limitations, and the need for more evidence about the useful-

ness of DT techniques for the requirements elicitation process, we proposed a new 

quasi-experiment, in which the following changes were introduced: 1) Empathy Maps 

and Personas techniques, were separated into two different treatments to compare the 

contribution of these techniques when used separately. In addition, a third treatment 

was added as a control group, in which no other techniques were applied prior to the 

Brainstorming session; 2) An analysis of the identified stakeholders was included as 

well. This information is valuable when analysing the quality of the ideas of require-

ments generated, because more accurate stakeholders identification allows to get a more 

complete understanding of the needs of the system.  The quantity of stakeholders was 

consider as additional dependent variable; 3) given the popularity of User Stories (US) 

in the agile software development [9-11], it was decided in this new quasi-experiment 

to provide US as the reference template for specifying the ideas of requirements. The 

rest of the experiment conditions, including instructions and supporting materials were 

the same of our previous quasi-experiment.  
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This paper presents the results of this new quasi-experiment carried out to evaluate 

the effect in the Effectiveness and in the Identified Stakeholders of Brainstorming ses-

sions when using them together with Empathy Maps or Personas. Effectiveness was 

measured in terms of the quantity of ideas of requirements obtained in the Brainstorm-

ing session. We also measured the quantity of stakeholders identified by the students 

and the distribution of ideas among them. The quasi experiment was conducted with a 

group of 74 students enrolled on a Bachelor’s degree course at the Universitat Politèc-

nica de València in October 2021.  

The remainder of this paper is structured as follows. Section 2 provides an overview 

of the related work. Section 3 introduces the main characteristics of the quasi-experi-

ment; Section 4 presents the data analysis and interpretation of the data collected in the 

quasi-experiment; and Section 5 discusses the threats to validity. Finally, Section 6 pre-

sents the conclusions and outlines suggestions for future work. 

2 Related work 

The interest in employing DT techniques for requirements elicitation has grown in 

the Information System field in recent years, as evidenced by the fact that several sec-

ondary studies have appeared on the subject [12, 13]. However, the empirical studies 

that evaluate the contribution of usual techniques in DT in RE, such as Empathy Map, 

or Persona, are still very scarce. Searching Scopus for the following search string “("ex-

periment*" OR "empiric*" OR "survey" OR "case study" OR "action research") AND 

("Empathy Map" OR "persona") AND Requirement”, only 3 studies were found: 

Teixeira et al. In [14] the use of the Lean Persona technique with 21 software profes-

sionals is investigated. They carried out a comparison to see whether the startup pro-

fessionals use the technique in a different way from the established company profes-

sionals. Results revealed that the professionals used the technique for similar purposes 

and wrote up UX-related requirements in different levels of abstraction. Costa et al. 

[15] carried out an exploratory case study with 17 undergraduate Computer Science

students with the aim of discovering: “What are the perceptions of students regarding

learning DT?”. Projects using individual techniques (Personas, Empathy Maps) and

team techniques (Brainstorming and co-creation workshop) were then employed for the

development of the authors’ mobile application. The students considered techniques

very useful but stated that more training time was required to carry out the case study.

Ferreira et al. [16] presents a controlled experiment carried out with 37 Computer Sci-

ence undergraduates in order to compare two Personas-related techniques: traditional

Personas and PATHY. The authors analysed the efficiency of the techniques and the

participants' perceptions of their use. PATHY generated more relevant characteristics

for the application design than did the technique that followed the traditional descrip-

tion. It was also more efficient as regards creating Personas.

The existing evidence is therefore isolated empirical studies on different DT tech-

niques, which differ from the objective pursued in the current quasi-experiment (see 

Section 3.1.), which is part of a long-term investigation whose first results, as men-

tioned in Section 1, were presented in [5]. 
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3 Quasi-experiment description 

The main characteristics of the quasi-experiment are described in the following subsec-

tions. This quasi-experiment was designed and reported by following the recommen-

dations provided in [18]. Due to space constraints, the experimental material, guidelines 

to perform experimental tasks, and examples of the results of the experimental tasks 

performed by the subjects have been published online as an appendix [17]. 

3.1 Goal, variables and hypotheses 

Following the GQM template [19], the goal of this quasi-experiment was to analyse 

Elicitation Techniques for the purpose of comparing them with respect to their Effec-

tiveness and Identified Stakeholders  from the point of view of requirements analysts 

in the context of students enrolled on a Bachelor’s degree course in Computer Engi-

neering. 

 The independent variable is the Elicitation Technique used, taking into consideration 

three treatments: Personas + Brainstorming, Empathy Map + Brainstorming, and Brain-

storming alone (P+B, EM+B and B, respectively).  

The dependent variables were Effectiveness and Identified Stakholders. The authors 

of this paper consider that a greater number of ideas of requirements generated during 

a Brainstorming session implies a greater Effectiveness for it. Also, the identification 

of a greater number of stakeholders could implies a greater degree of completeness in 

the requirements elicitation process [20], since they represent the holders of the needs 

and goals of the problem to be solved. Therefore, the following hypotheses was for-

mulated: 

• H1-0: There is no significant difference between the subjects’ Effectiveness when

using P+B or EM+B or B / H1-a: ≠ H1-0.

• H2-0: There is no significant difference between the subjects’ Identified stake-

holders when using P+B or EM+B or B / H2-a: ≠ H2-0.

Effectiveness and Identified stakeholders were measured as being the quantity of 

ideas of requirements generated by the students (QIR), and the quantity of different 

stakeholders identified by the students (QS), respectively. To define the measure QIR, 

since the ideas of requirements generated by the students were very different, the ideas 

of requirements were clustered into two categories, as is usual in RE processes:  

• Functional ideas / Business-oriented (QIR-F). This category included all the ideas of

requirements that describe or propose functionalities for the software system for an

Animal Adoption Centre (the problem domain chosen for this quasi-experiment,

which is introduced in Section 3.4).

• Non-functional ideas (QIR-NF). This category included all the ideas of requirements

that describe or propose restrictions or constraints for the software system to be de-

veloped [20]. This category was sub-divided into two sub-categories: Technology-

oriented ideas (QIR-NF-T), which refer to ideas of requirements that establish
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technological needs, and People-centered needs (QIR-NF-P), which refer to ideas of 

requirements where people that will use the application are the central target. 

When classifying the ideas of requirements, it was necessary to define another cate-

gory, called Others, to deal with those proposed ideas of requirements not directly re-

lated to the software system to be developed, e.g., “Creation of tutorials on how to 

properly take care for animals”. Therefore, these ideas were not considered to measure 

the Effectiveness, which was calculated using the following formula: QIR = QIR-F + 

QIR-NF. Regarding the Identified stakeholders, a baseline with the stakeholders of 

interest was defined, according to the problem description. This baseline was used 

to compare with the stakeholders identified by the students (QS) and determine 

how complete and correct were the points of views considered by the students when 

proposing ideas of requirements. Although the quality of the ideas of requirements 

was not directly evaluated, we understand that the total quantity of different ideas of 

requirements, which are directly related to the problem domain addressed, together with 

the correctly identified stakeholders, may be considered an as indicator of the quality 

of the ideas of requirements identified in terms of coverage. 

3.2 Selection of the subjects 

We took a convenience sample of undergraduate students enrolled on a Bachelor’s de-

gree course in Computer Engineering the Universitat Politècnica de València. The stu-

dents attended a theorical-practical course on RE during the academic year 2021-2022. 

The practical part of the course was divided into 3 class time shifts. This course in-

cluded an introduction to and examples of the use of the techniques employed in the 

quasi-experiment, i.e., Personas, Empathy Maps, and Brainstorming. The students had 

no prior experience in the use of any of these three techniques. Finally, considering that 

the main purpose of the quasi-experiment was to study the improvement of a Brain-

storming session when using Empathy Maps or Personas, and that Brainstorming is a 

group-based technique, we set up several working groups with which to run the quasi-

experiment. For this reason, each time shift was divided in groups, between 4 to 7 stu-

dents, were randomly assigned by the course instructor. Three types of groups were 

defined: Groups A, which used Personas together with Brainstorming (27 students or-

ganized in 5 groups); Groups B, which used Empathy Map together with Brainstorming 

(33 students organized in 6 groups), and finally, Groups C, which used only Brain-

storming (14 students organized in 2 groups). It was decided that the time shift with the 

fewest students would be assigned to group C (control group). 

3.3 Experimental object, tasks, and design 

The experimental object of the quasi-experiment describes the characteristics and prin-

cipal needs of an Animal Adoption Centre, called “MODEPRAN”. This description 

provided the subjects with an overview of and context in which to begin identifying the 

main stakeholders, and the scope in which to propose the ideas of requirements for the 

software system during the Brainstorming sessions. This domain was chosen because 
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the participants may be familiar with the problem to address, and also because it does 

not have a strong technical component. The authors of this paper consider that a very 

unknown or highly-technical problem could influence negatively the objective of the 

experiment. In addition, this case has a moderate length, that can be addressed in one 

lab session without the need for an intensive training or explanation of the concepts to 

be managed. Both, the case and the support material, are the same used in [5], so it has 

been tested and validated in terms of clarity of the requested instructions. The experi-

mental task included the generation of ideas of requirements by means of a Brainstorm-

ing session using only Personas, in the case of the Groups A (P+B treatment), using 

Empathy Maps, in the case of the Groups B (EM+B treatment), or running the Brain-

storming session without any previous technique Groups C (B treatment). Both Per-

sonas and Empathy Maps were created by the group of students themselves using the 

provided material. Multiple documents were defined as instrumentation [17], including: 

i) the problem statement; ii) guidelines on how to run a Brainstorming session and the

template required to report the ideas of requirements generated; iii) an introduction to

the Personas technique with examples; iv) an introduction to the Empathy Maps tech-

nique with examples. A between-subject design was used, meaning that the subjects

(i.e., working groups) in the quasi-experiment were assigned to different treatments,

with each working group experiencing only one of the treatments.

3.4 Execution 

The students were not aware that they were participating in a quasi-experiment. For 

them, this activity was just another exercise in the context of the RE course on which 

they were enrolled. Since the RE course is a weekly course of three hours per week, the 

training and the experiment were performed in two sessions over two weeks. The first 

week was the training session, whose purpose was to introduce the concepts, examples, 

and short exercises concerning the techniques that would then be applied in the quasi-

experiment: Personas, Empathy Map, and Brainstorming. The quasi-experiment took 

place in the second week. During the execution, students were assigned to one of three 

groups A, B or C, and organised in smaller sub-groups composed of between four to 

seven students. The quasi-experiment was controlled, meaning that no interactions took 

place between the working groups. The training and experimental sessions lasted ap-

proximately three hours each. Once the quasi-experiment had finished, two of the au-

thors of this paper classified the ideas of requirements obtained by each of the working 

groups in accordance with the classification introduced in Section 3.1 (i.e., functional, 

non-functional, others). The authors of this paper then analysed and classified each idea 

of requirement into one or more of the categories defined in Section 2.2, reaching a 

consensus when necessary. Examples of the results of the experimental tasks performed 

by the groups can be found in [17]. 
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4 Data Analysis and Interpretation 

In this section the data analysis and interpretation of the results obtained in the quasi-

experiment is presented. 

4.1 Analysis of Effectiveness 

Table 1 classifies the descriptive statistics of the ideas of requirements. Groups A 

and B shows bigger mean values than Groups C (the control group), which might indi-

cate a contribution of Empathy Maps and Personas on the generation of ideas of re-

quirements. 

Table 1. Descriptive statistics of QIR 

Groups A (Treatment P+B) Groups B (Treatment EM+B) Groups C (Treatment B) 

Mean SD Min Max Mean SD Min Max Mean SD Min Max 

QIR 37.4 5.68 30 46 40.67 5.20 34 47 35.5 0.71 35 36 

QIR- F 31.20 8.17 22 44 36.17 3.87 32 43 30.5 2.12 29 32 

QIR-NF 6.2 5.17 2 15 4.5 3.94 1 12 5 2.83 3 7 

QIR-NF-T 5.2 3.70 2 11 2.67 2.87 0 8 3 1.41 2 4 

QIR-NF-P 1 1.73 0 4 1.83 2.14 0 5 2 1.41 1 3 

QIR-F is 15.9% higher and QIR-NF is 37.77% lower in Groups B than A, showing 

that there is also a difference in the number of functional and non-functional ideas gen-

erated between groups. Similar to previous quasi-experiment [5], there is a reduction in 

QIR-NF-T, showing that in the Empathy Maps treatment, fewer technological ideas of 

requirements were generated and more functional ones. Table 2 compares Number of 

ideas of requirements by category (QIR, QIR-F, QIR-NF, QIR-NF-T and QIR-NF-P) 

as between the previous quasi-experiment and this current one. The number of ideas 

generated in this quasi-experiment was on average 21.5% higher than in the previous 

one [5]. 

Table 2. Number of ideas of requirements (QIR) by category - related measures in the previous 

and current quasi-experiment 

Experiment Treatment QIR-F 
QIR-NF 

QIR Mean 
QIR-NF-T QIR-NF-P 

Previous experiment 

(2019) [5] 

P+B 147 42 31 220 31.43 

E+P+B 157 28 31 216 30.86 

Current experiment 

(2021) 

P+B 156 26 5 187 37.4 

E+B 217 16 11 244 40.67 

B 61 6 4 71 35.5 

Although there were differences in the groups between both experiments, the in-

structions and support material were similar in both, so these differences can probably 

be explained by the use of the template of US to support the specification of the gener-

ated ideas of requirements. To test the hypothesis formulated, we analysed the effect of 

every treatment (P, EM, and B) on the measures considered (QIR, QIR-F, QIR-NF, 

QIR-NF-T; QIR-NF-P) using the non-parametric Kruskal Wallis test. All these values 
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were calculated using a standard configuration of SPSS. Is was also carried out the non-

parametric Mann-Whitney U test, taking Groups A and C, and Groups B and C sepa-

rately. Results obtained do not allow to reject H1-0, i.e., the techniques had no effect 

on the QIR. Similar results were obtained after repeating the test for each individual 

variable (QIR-F, QIR-NF, QIR-NF-T and QIR-NF-U), i.e., it was not possible to reject 

H1-0 in any of the cases. In the case of the comparison between Groups B and C, the 

values for QIR-F were close to the rejection condition (p-value = 0.062), with a mod-

erate Observed Power (OP) = 0.362, which indicates a slight correlation. As in previous 

quasi-experiment [5], the total number of ideas does not differ significantly between 

the three techniques. The number of functional ideas was higher, and that of non-func-

tional ideas was lower in Groups B, to which the EM+B techniques were applied. This 

supports the idea that Empathy Maps enabled subjects to become more aware (or em-

phatic) of functional requirements than non-functional ones. However, this result was 

not significant enough to confirm the hypothesis - this may be because the number of 

groups involved in the quasi-experiment was not large enough.   

When comparing the ideas generated in this quasi-experiment against the previous 

one, there is an increase in the total number of ideas of requirements generated, as well 

as in the number of ideas of functional requirements. A possible explanation is that the 

use of US helped the participants to better focus and conceptualise an idea of require-

ment that is relevant to the problem. For both groups, A (P + B treatment) and B (EM 

+ B treatment), the number of ideas and the number of stakeholders is higher than in

the control treatment. A significant aspect seems to be the fact that the number of ideas

that arise in the current quasi-experiment applying the Personas technique (Groups A)

or the Empathy Map (Groups B) is greater than the number of ideas generated by ap-

plying both techniques together (Empathy Maps and Personas) to run the Brainstorming

session, as in the previous quasi-experiment. It can be observed that there is no positive

effect in terms of the number of ideas when using both techniques (Personas and Em-

pathy Maps) together. We believe that it can be valuable to use both techniques in cases

where it is necessary to define stakeholders in a more “formal” way, something that the

structure of the Personas technique could do more effectively. Empathy Maps provide

a more general view of stakeholders emphasizing their feelings and thoughts, mean-

while Personas provides a more descriptive view of the stakeholders. Moreover, there

is no statistically significant difference between these techniques that would allow us

to suggest or recommend one over the other.

4.2 Analysis of Identified stakeholders 

To assess the Identified Stakholders of the ideas of requirement, we built a baseline 

against which to compare them. This baseline was built from the explicit description of 

stakeholders in the material provided to the students and includes the following 6 stake-

holders: adopter, donor, employee, partner, sponsor, and volunteer. QSB variable was 

created to measure the number of stakeholders that the participants identified, and 

which coincided with the baseline established by the authors. From the analysis of the 

descriptive statistics shown in Table 3, it was observed that Personas and Empathy 
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Maps techniques contribute to a greater identification of stakeholders, with Groups A 

identifying 40%, and Groups B 50%, more than Groups C (control group). 

Table 3. Descriptive statistics of QS 

Groups A (Treatment P+B) Groups B (Treatment EM+B) Groups C (Treatment B) 

Mean SD Min Max Mean SD Min Max Mean SD Min Max 

QS 7 1.22 5 8 7.5 1.38 5 9 5 1.41 4 6 

QSB 5.4 0.89 4 6 5.5 0.84 4 6 3.5 0.71 3 4 

To test the hypothesis related to Identified Stakeholders (H2-0), the effect of each 

one of the treatments (P + B, EM + B, B) was analysed on the measures considered 

(QS, QSB) using the non-parametric Kruskal Wallis test. It was also carried out the 

non-parametric Mann-Whitney U test in pairs taking Groups A and B, A and C, and B 

and C separately. The results obtained allow to reject H2-0: for Groups B / C, variable 

QSB, given that the p-value is 0.049, which is lower than 0.05, i.e., the Empathy Maps 

influenced QS. For Groups A / C, even when p-value was higher than 0.05 for all the 

variables, in the case of QSB with a p-value = 0.068, and OP of 0.604, the result and 

the observed power allow us to make a slightly correlation between the treatment and 

the result achieved. From the above, it can be said that both Personas and the Empathy 

Maps helped identify the essential stakeholders, which evidences the empowerment of 

using these techniques in combination with Brainstorming. In the case of Groups C, not 

only was the number of stakeholders significantly lower, but also the percentage of 

essential stakeholders identified. Additionally, upon analysing the stakeholders found 

by the subjects, it seemed valuable to establish a categorisation of stakeholders in a way 

that could reflect some of the expected contribution of the techniques. Authors pro-

posed grouping the stakeholders into 3 categories that reflect the relation of the inter-

ested party with the Animal Adoption Centre. The categories proposed were: 

• Ideas related to Internal stakeholders (IRI): includes the ideas related to the

stakeholders who are staff members of the Animal Adoption Centre. Examples

of this are: Veterinarian, Employee, Manager, etc.

• Ideas related to External stakeholders (IRE): includes the ideas related to the

stakeholders who are not staff member of the Animal Adoption Center. Exam-

ples of this are: Sponsor, Volunteer, etc.

• Ideas related to Internal and External stakeholders (IRIE): includes the ideas re-

lated to the stakeholders that may either be employees or people who are not part

of the Animal Adoption Center. Included in this are generic stakeholders, or

ideas of requirements that mention more than one stakeholder for a single idea,

and where those stakeholders belong to both the categories.

It was evaluated how many of the stakeholders identified in the different groups be-

longed to the IRI, IRE and IRIE categories. Table 4 shows descriptive distribution of 

ideas for the different groups according to the proposed categories. 
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Table 4. Descriptive statistics of IRI, IRE and IRIE 

Groups A (Treatment P+B) Groups B (Treatment EM+B) Groups C (Treatment B) 

Mean SD Min Max Mean SD Min Max Mean SD Min Max 

IRI 18.20 3.11 13 21 17.33 3.50 11 21 9.50 0.71 9 10 

IRE 16.00 3.81 11 21 17.83 7.30 4 24 13.50 3.54 11 16 

IRIE 3.20 2.95 0 6 5.50 5.24 1 15 12.50 2.12 11 14 

In Groups A, the IRI category is the majority, with almost 49% of the ideas. In 

Groups B, although the percentage is slightly lower than the IRE category (43% vs 

44%), it remains at a high value compared to Groups C. In this, the IRI category is only 

27%. This seems to indicate that the techniques contribute to the identification of ideas 

related to internal stakeholders. In the case of Groups C, where no techniques were 

applied, most of the ideas are related to external stakeholders. In addition, we see that 

the number of ideas that are simultaneously attributable to both categories is, in the case 

of Groups C, 3.8 to 1 time greater than Groups A, and 2.5 to 1 times greater than Groups 

B. In terms of the quantity of stakeholders, this would indicate that in the case of Groups

C there is a greater proportion of "generic" ideas than is attributable to either type of

stakeholder, which makes us suppose that the techniques help to generate more “pre-

cise” ideas, attributable to a specific type of stakeholder.

Once again, the effect of every one of the treatments (P+B, EM+B and B) was ana-

lysed on the measures considered (IRE, IRI and IRIE), using the non-parametric Krus-

kal Wallis test with the three groups A, B and C, and the non-parametric Mann-Whitney 

U test taking pairs of groups A and B, A and C, and B and C. Table 5 shows the results 

obtained for each measure employed in the Kruskal-Wallis and in the Mann-Whitney 

U tests.  
Table 5. Kruskal-Wallis and Mann-Whitney U test results for IRI, IRE and IRIE 

Group Test Variable P-value OP 

ES 
(Mean1 – 

Mean2/ 

Standard 

error) 

R 

A / B / C Kruskal-Wallis 

IRI 0.081 < 0.744 0.418 NO 

IRE 0.283 < 0.103 0.210 NO 

IRIE 0.225 < 0.335 0.298 NO 

A / B Mann-Whitney U 

IRI 0.579 0.067 -0.167 NO 

IRE 0.271 0.074 -0.332 NO 

IRIE 0.437 0.05 -0.259 NO 

A / C Mann-Whitney U 

IRI 0.053 0.839 -0.732 NO* 

IRE 0.430 0.1 -0.298 NO 

IRIE 0.076 0.966 -0.795 NO* 

B / C Mann-Whitney U 

IRI 0.044 0.703 -0.711 YES 

IRE 0.182 0.101 -0.471 NO 

IRIE 0.182 0.318 -0.471 NO 

The results obtained allow to reject Groups B / C, variable IRI, given that the p-value 

is 0.044, which is lower than 0.05., i.e., the Empathy Maps had no effect on IRI. For 

Groups A / C, even when the p-value was higher than 0.05 for all the variable, in the 

case of IRI with a p-value = 0.053, and OP of 0.839 and IRIE, with a p-value of = 0.076 

and op of 0.966, the result and the Observed Power allows to evaluate a correlation 

between the treatment and the result achieved. 
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Summarizing, statistical analysis shows the influence of the Empathy Maps tech-

nique on the number of identified baseline stakeholders, and a slight influence of Per-

sonas. So, the contribution of the techniques to increase the identified stakeholders of 

the ideas generated, is positive. Likewise, comparing these values with the number of 

ideas generated, it could be concluded, with some caution, that the number of identified 

stakeholders influence positively in the number and content of the ideas generated. 

 In Groups A (P+B treatment) and B (EM+B treatment), the number of ideas around 

internal stakeholders was equal to or greater than the external ones, which could be 

explained as a contribution of the technique to empathise with these stakeholders. 

Therefore, the Empathy Maps and Personas techniques would seem to facilitate empa-

thy with stakeholders in domains in which they are not experts, such as veterinarian or 

employee, which would then be reflected in a greater flow of ideas. This is an important 

result because it confirms the contribution of the techniques to help subjects to empa-

thise. In the case of Groups C (Brainstorming treatment), there are more ideas around 

external stakeholders. This was an expected result, as usually people tend to find it 

easier to put themselves in the place of these types of stakeholders (member, adopter, 

or volunteer) than the internal ones (veterinarian, employee, manager, etc.). On the 

other hand, the number of stakeholders that simultaneously belonged to both stakehold-

ers (IRIE variable) were, in the case of Groups B, 3.9 times greater than Groups A, and 

2.27 times greater than Groups C, which shows that the ideas generated by applying 

Brainstorming only are, in terms of stakeholders, much more generic. 

5 Threats to validity 

Certain issues which may have threatened the validity of the quasi-experiment must be 

considered [21]: 

• External validity may be threatened when experiments are performed with students,

as doubts have been raised regarding the representativeness of the subjects with re-

spect to software professionals. Despite this, the tasks to be performed did not re-

quire real world experience, and we believe, therefore, that this quasi-experiment

could be considered appropriate, as suggested in the literature [15]. Even that two

different techniques were used and there was a third control group, the execution of

a single case study could limit the scope of the conclusions. In the future, the exper-

iment could be replicated again, incorporating additional case studies from other do-

mains to compare if there is an effect between the techniques and the domains. The

possibility of contamination between groups, whereby students in one group may

have shared information with those in another, may be considered a threat to the

validity of the study. However, we made special efforts to ensure that this did not

occur. Even so, if it had occurred, the effect of prior knowledge on the brainstorming

process is likely to be attenuated because it were conducted in groups, so the influ-

ence of any one participant was diluted.

• Threats to internal validity are to some extent mitigated by the design of the quasi-

experiment. In our case, both the support materials and the exercise were the same

for all the groups, but an additional technique was presented to Group A (P+B
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treatment) and Group B (EM+B treatment). Due to time constraints some parts of 

the experiment tasks were completed a posteriori, outside of the controlled environ-

ment. Although this has occurred in all groups, i.e., for all treatments, it is an aspect 

that may have affected the results. We will therefore take it into account in future 

replications and experiments. 

• Conclusion validity concerns the data collection, the reliability of the measurement,

and the validity of the statistical tests. Statistical tests appropriate to the type of

measures of the dependent variables have been used to test the hypotheses. It has

been explicitly mentioned and discussed whenever non-significant differences were

found to be present. It is also necessary to state that the conclusion validity could

also be affected by the number of observations. Further replications with larger da-

tasets are, therefore, required to confirm or contradict the results shown herein.

• Construct validity may be influenced by the measures used to attain a quantitative

evaluation of the ideas generated, the comprehension of the techniques explained,

and the experimental tasks. The number of ideas of requirements were measure, to

avoid any subjectivity as regards the way in which they were written. Since partici-

pants were asked to generate ideas of requirements that still need to be negotiated

and validated with the clients, we paper understand that it is an interesting and val-

uable result for the requirements engineer since the expected result of the use of the

Brainstorming technique as an elicitation tool is the generation of a large flow of

relevant ideas of requirements but not necessarily high-quality ideas of requirements,

which may be performed during the negotiation and validation of the requirements

of the software system to be developed.

6 Conclusions 

This paper presents the results of a quasi-experiment carried out to evaluate the im-

provement in the Effectiveness, measured as quantity of ideas of requirements gener-

ated by the students, and Identified Stakeholders, measured as quantity of different 

stakeholders identified by the students, of Brainstorming sessions when are comple-

mented with Empathy Maps or Personas techniques. The quasi-experiment was carried 

out with 74 undergraduate students enrolled on a Bachelor’s degree in Computer Engi-

neering at the Universitat Politècnica de València in October 2021.  

The main findings obtained are the following: (1) The descriptive analysis reveals 

an increase in number of ideas of requirements generated in Brainstorming sessions 

when using Empathy Maps and Personas techniques even when there is no statistically 

significant difference. Moreover, when using Empathy Maps, there is an increase in the 

number of functional and a reduction in that of non-functional ideas of requirements, 

which evidences that the technique influences the type of idea identified, as was already 

stated in previous studies. This result indicates that it may be useful to complement 

Brainstorming sessions with the use of DT-based techniques. (2) The use of a US tem-

plate seems to contribute to the generation of a greater number and more precise ideas 

of requirements. This finding emerges from comparing the number of ideas in this 

quasi-experiment with the results obtained in our previous study. (3) The number of 
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stakeholders identified, according to the baseline defined by the authors of this paper, 

is greater when applying Personas and Empathy Maps as opposed to using 

Brainstorm-ing alone, with a statistically significant difference in favour of 

Empathy Maps. This result must be evaluated with caution, since the treatment 

groups, particularly group C (Brainstorming Treatment), were very small. (4) When 

analyzing the distribution of ideas among internal, external, and internal and external 

stakeholders, we found a sta-tistically significant difference when applying Empathy 

Maps on the ideas among in-ternal stakeholders’ variable. When applying Personas 

on the internal stakeholder and internal and external stakeholders’ variables, even 

when there is no statistical signifi-cance, the p-value and observed power allows to 

evaluate a strong correlation between the treatment. This would indicate that the 

techniques favour the identification of stake-holders in domains in which they are 

not experts. (5) It would not seem to be worth using both techniques together, but 

rather to use either Empathy Maps or Personas. However, it could not be 

concluded whether Empathy Maps or Personas is better in terms of Effectiveness 

or Identified stakeholders of the ideas of requirements. These results may be useful 

to practitioners as well as to RE and Software Engineering lec-turers since there are 

various techniques available for requirements elicitation but very little evidence 

about how to combine them to improve the quantity and quality of re-quirements 

obtained.  

As future work we plan to replicate this quasi-experiment to corroborate the 

findings and to obtain more conclusive results. We will consider using experimental 

objects re-lated to different domains and larger samples. Also, we will be considering 

the incor-poration of additional dependent variables, which allow a better evaluation 

of the qual-ity of the validated requirements ideas, such as a measure of correctness. 

In addition, we want to explore whether there is any significative difference 

between Empathy Maps and Personas and to identify under which circumstances 

(e.g., type of problem domain, number or type of stakeholders, team experience, 

team composition) these dif-ferences might appear. 
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