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Abstract. Agile software development and User-Centered Design emphasize
aligning with user needs and prioritizing effective feedback collection. Traditi-
onal feedback methods, like interviews and questionnaires, often fail to capture
user reactions. To address this, we introduce CV4FeC, a tool that integrates
OpenCV for analyzing facial expressions and sentiments, offering a comprehen-
sive approach to understanding user communication. CV4FeC combines com-
puter vision and sentiment analysis to provide valuable insights into user re-
actions. A preliminary evaluation demonstrated its effectiveness in enhancing
feedback collection in software development.

Resumo. O desenvolvimento ágil de software e o Design Centrado no Usuário
enfatizam o alinhamento com as necessidades dos usuários e a priorização da
coleta eficaz de feedback. Métodos tradicionais de feedback, como entrevistas e
questionários, muitas vezes não capturam as reações dos usuários. Para resol-
ver isso, introduzimos o CV4FeC, uma ferramenta que integra o OpenCV para
analisar expressões faciais e sentimentos, oferecendo uma abordagem abran-
gente para entender a comunicação dos usuários. O CV4FeC combina visão
computacional e análise de sentimentos para fornecer insights valiosos sobre
as reações dos usuários. Uma avaliação preliminar demonstrou sua eficácia
em aprimorar a coleta de feedback no desenvolvimento de software.

1. Introduction
Agile software development is an iterative and adaptable process that initiate by rapi-
dly transforming ideas into viable minimum requirements [Mehta and Sood 2023]. This
development cycle includes short sprints that produce functional product increments, du-
ring which software teams continually gather user feedback. Agile methods emphasize
frequent reviews and retrospectives to ensure the software aligns with user needs, thereby
facilitating continuous enhancements and reinforcing collaboration [Ågren et al. 2022].

In this context, User-Centered Design (UCD) approaches emphasize the pri-
oritization of user needs and expectations [Shania et al. 2023, Parizi et al. 2022], pla-
cing greater importance on collecting effective user feedback from software prototy-
pes [Hehn et al. 2020]. For example, [Li et al. 2023] highlights the increasing signifi-
cance of user feedback in improving software products. They note that, while organizati-



ons have incorporated multiple sources for feedback collection, such as social networks,
many still depend on traditional methods like interviews, emails, and questionnaires.

However, traditional methods for feedback collection have demonstrated limitati-
ons in capturing user reactions and perceptions, potentially leading to development gaps,
such as inaccuracies in requirement specifications [Obaidi and Klünder 2021]. To address
this issue, we introduce CV4FeC (Computer Vision for Feedback Collection), a tool that
integrates OpenCV to analyze facial expressions and sentiments. Our goal is to propose a
more holistic approach to interpreting users’ verbal and non-verbal communications, the-
reby enhancing the effectiveness of feedback collection from prototypes. This approach
contributes to richer and more detailed feedback activities and strengthens the application
of UCD techniques in software development.

The remainder of this paper is organized as follows: Section 2 introduces Com-
puter Vision, Sentiment Analysis, and the applications of both concepts in Software En-
gineering. Next, Section 3 presents the proposed CV4FeC tool itself. Section 4 shows
the results of the early evaluation study conducted, while Section 5 discusses the final
considerations, highlighting the limitations of the work and future research directions.

2. Background
Computer Vision (CV) involves both the capture of raw data and the interpre-
tation of information extracted from images [Bekhit and Bekhit 2022]. It inte-
grates concepts from image processing, pattern recognition, AI, and computer
graphics [Wiley and Lucas 2018].

OpenCV is one of the most widely recognized libraries in the field of Computer
Vision1. It provides functionalities such as facial recognition, object detection, and mo-
tion tracking [Khan et al. 2019]. OpenCV is utilized in both commercial and academic
applications, including areas like robotics and human-computer interactions. Its capabi-
lities allow for the visual analysis of user reactions, offering insights into their emotions
and supporting sentiment analysis efforts [Sharma et al. 2021].

Sentiment analysis plays a crucial role in decision-making processes. The task
of identifying individuals’ emotional states through machine learning is particularly re-
levant in fields like affective computing [Malviya et al. 2020]. Machine learning algo-
rithms help determine whether an analyzed object conveys positive, neutral, or negative
emotions [Zhang et al. 2018]. In this context, sentiment analysis contributes to unders-
tanding users’ perceptions of a product or service and has been applied in software de-
velopment to identify quality issues, improve user satisfaction, and manage user experi-
ence [Obaidi et al. 2022].

The integration of Computer Vision and sentiment analysis in Software Engine-
ering (SE) is well-documented in the literature. [Obaidi and Klünder 2021] conducted a
systematic review identifying 80 studies that apply sentiment analysis in SE, with the aim
of improving communication among developers. Similarly, [Lin et al. 2018] highlights
the adoption of sentiment analysis tools within the SE community, where they are used to
assess the polarity of app reviews, identify negative opinions about APIs, and monitor the
emotional well-being of teams.

1https://opencv.org/



In this context, we introduce an innovative tool that combines Computer Vision
and sentiment analysis to enhance feedback collection from prototypes in software deve-
lopment processes.

3. CV4FeC: Computer Vision For Feedback Collection
This paper presents CV4FeC, a tool designed to collect and analyze feedback through
users’ facial reactions to software prototypes. Our objective is to integrate computer
vision and sentiment analysis to thoroughly explore users’ responses to proposed soft-
ware solutions in the form of prototypes, thereby contributing to the development team’s
decision-making process.

In designing and conducting the initial evaluation of CV4FeC, we were guided by
the Design Science Research (DSR) methodology [Runeson et al. 2020]. This approach
emphasized the Design and Validation stages within the solution space2. As a result, this
study presents the developed artifacts, which represent the constructed solution.

3.1. Solution Design

During the Solution Design stage, we conducted brainstorming sessions with three rese-
archers in Software Engineering from the Lardev Research group and one professional
from software industry. These sessions took place between October and December 2023.
As a result, the participants proposed the concept of CV4FeC and outlined a solution de-
sign process, which included: 1. Identifying personas related to feedback collection from
prototypes; 2. Creating low-fidelity prototypes; and 3. Proposing an architecture diagram
for the CV4FeC tool, along with an initial implementation that incorporates the OpenCV
library.

3.1.1. Personas Definition

During the brainstorming sessions, we identified personas to represent user interactions
with the tool. We followed the approach outlined by [Karolita et al. 2023] for defining
personas. Figure 1 illustrates the two personas we defined, named Emily and Mark. This
duality reflects the main requirements of CV4FeC: capturing detailed user feedback and
enabling developers to refine the software based on these data, thereby highlighting the
interaction between user experience and software development within a feedback cycle.

3.1.2. Low-level fidelity prototypes construction

We constructed low-fidelity prototypes of the tool, drawing inspiration from the defined
personas, Emily and Mark. In Figure 2-A, users can log in to the tool. In Figure 2-B, a
DevTeam user can view the feedback analyses already conducted and create a new feed-
back collection using the “+” button in the top right corner. Figure 2-C presents the fields
for creating a new feedback collection, including the project’s name (identifier), date, pro-
totypes to be evaluated (with upload capability), and the emails of users who will validate
them. Finally, in Figure 2-D, the DevTeam can access a completed project (e.g., Proj

2The Problem Understanding stage was achieved through a non-systematic literature review.



1 from Figure 2-B) and review user reactions while analyzing the uploaded prototypes.
On this screen, it is possible to view the sentiment graph for each screen and the percen-
tage breakdown of each collected sentiment, which includes Angry, Disgusted, Fearful,
Happy, Neutral, Sad, and Surprised3. At the bottom of Figure 2-D, a general evaluation
of the prototypes in terms of the mentioned sentiments (overall score) is displayed.

Figure 2-E and Figure 2-F show the features of CV4FeC for the user evaluating
the prototypes (Persona Emily). In Figure 2-E, the tool provides text explaining how the
evaluation works, the prototype to be evaluated, start and stop buttons, and the user’s
image that is being collected via OpenCV. Additionally, a bar indicating the remaining
time for each prototype is displayed to assist the user.

In the initial version of CV4FeC, prototype evaluations are conducted manually,
requiring users to independently initiate the reaction collection process. A “stop” button
is available to terminate the evaluation at any time. The tool displays all prototypes re-
gistered by the Development Team, and upon completion of the evaluations, it concludes
the evaluation cycle as shown in Figure 2-F. Users have the option to review the results
for each prototype in section (F), where they can either agree with the findings or choose
to restart the evaluation. If the user decides to finalize the evaluation, a “close” button is
provided for this purpose.

3.1.3. Architectural Diagram Proposal and Initial Implementation

After completing the prototyping phase, we developed an architectural diagram of
the tool (Figure 3). We used the Structurizr tool4, adhering to the C4 model stan-
dard [Vázquez-Ingelmo et al. 2020]. The diagram illustrates the modules of CV4FeC
and their relationships with the involved actors (User - Persona Emily and DevTeam -
Persona Mark).

In CV4FeC, DevTeam users can create projects and upload prototypes (as images)
to be evaluated by users through the FaceExpression Collection module. Once the pro-
totypes are uploaded, users can access the tool, which collects reactions to the prototypes
using the OpenCV library (OpenCV face analysis module). The tool gathers this data
via the user’s video camera. After collecting the reactions, CV4FeC sends the feedback

User Persona: Emily
• Age: 30
• Occupation: Marketing Manager
• Goal: Emily seeks products that enhance her daily work efficiency. She is invited to test software prototypes and 

provide feedback.
• Behavior: While interacting with prototypes, Emily shares her opinions both verbally and through facial 

expressions. The feedback collection system uses OpenCV and sentiment analysis to capture and interpret her 
reactions, providing valuable insights into her experience with the product.

Development Team Persona: Mark
• Age: 35
• Occupation: Software Development Team Lead
• Goal: Mark and his team are committed to continually improving their products based on user feedback.
• Behavior: Mark uses the feedback collection system to upload prototypes and gather analytical data on user 

reactions. He and his team then analyze this data to identify patterns, issues, and opportunities for enhancing the 
design and functionality of the software.

Figura 1. Personas Emily and Mark

3These reactions are listed based on the dataset used in the initial development of the tool.
4https://structurizr.com/dsl



Figura 2. Low level fidelity prototypes CV4FeC for Personas Emily and Mark

Figura 3. Architectural Diagram based on C4 model

to the Sentiment Analysis module, which generates an analysis graph and forwards it to
the development team through the Data Report module. Additionally, the CV4FeC tool
integrates with a database for data storage (user reactions, projects, etc.)5.

We developed CV4FeC using Python, a programming language that supports the
implementation of OpenCV libraries, image datasets, and training based on facial re-
cognition. For instance, CV4FeC uses Haar Cascade for facial expression detection,
a well-known method for object detection in images, particularly in facial recogni-
tion [Minu et al. 2020]. The FERC-2013 dataset [Sambare 2023] is employed for training
facial recognition models [Sang et al. 2017]. The training set contains 28,709 examples,
while the public test set includes 3,589 examples. The objective is to classify each face
based on the emotion expressed in the facial expression into one of seven categories: 0 =
Anger, 1 = Disgust, 2 = Fear, 3 = Happy, 4 = Sad, 5 = Surprise, and 6 = Neutral.

Figure 4 shows the initial screen of the CV4FeC tool, which displays the projects

5CV4FeC does not store images of users, in compliance with the General Data Protection Law.



and data collected from users who evaluate the prototypes6. When clicking on the “Quick
Results” button in Project 1, the tool presents the screen shown in Figure 5. In Figure
5, three key pieces of project information are displayed in columns. The left column
contains the prototypes viewed by the user during evaluation. The central column shows
the collection of user reactions to the prototypes, and the right column displays the graph
of the feedback results collected from the user. In this example, the “Happy” emotion was
the most prominent among the others7.

Figura 4. Initial Implementation - Projects screen

Figura 5. Initial implementation - feedback collection and report screen

3.2. Early Tool Evaluation and Data Analysis
To conduct a preliminary evaluation of CV4FeC, we utilized its initial implementation
to collect feedback on the tool’s own developed prototypes. Five researchers from our
research group, who were not involved in the development process, participated in this
initial assessment.

We collected feedback using the Technology Acceptance Model (TAM) and the
System Usability Scale (SUS) [Davis 1989, Brooke 1996], as shown in Table 1 and Table

6The data presented is fictitious, as it is part of a tool proposal.
7For the purposes of reviewing the article, the image of the user using the tool is fictitious.



2, respectively. For the quantitative data analysis, we applied statistical methods to eva-
luate the collected feedback. This analysis enabled us to quantify user perceptions and
usability, offering valuable insights into the effectiveness of CV4FeC in capturing and
analyzing user feedback through facial reactions.

Tabela 1. TAM Statements for CV4FeC
Perceived Usefulness

PU 1 Using CV4FeC increases the effectiveness of collecting feedback from software prototypes.
PU 2 CV4FeC improves the quality of feedback analysis through facial reactions.
PU 3 Using CV4FeC allows the development team to make more informed decisions about the prototypes.
PU 4 CV4FeC speeds up the process of evaluating software prototypes.

Perceived Ease of Use
PEU 1 Interacting with CV4FeC is easy and understandable.
PEU 2 CV4FeC is intuitive and does not require much effort to use.
PEU 3 Learning to use CV4FeC was easy for me.
PEU 4 Navigating through the features of CV4FeC is straightforward.

Intention to Use
IU 1 I intend to continue using CV4FeC to collect feedback on prototypes in the future.
IU 2 I would use CV4FeC in other software development projects for feedback collection.
IU 3 I would recommend using CV4FeC to colleagues in similar projects.
IU 4 I see value in integrating CV4FeC into future software development processes.

Tabela 2. SUS Statements for CV4FeC
Question Statement
Question 1 I think that I would like to use CV4FeC frequently.
Question 2 I found CV4FeC unnecessarily complex
Question 3 I thought CV4FeC was easy to use
Question 4 I would need the support of a technical person to use CV4FeC
Question 5 I found the various functions in CV4FeC were well integrated
Question 6 I thought there was too much inconsistency in CV4FeC
Question 7 I would imagine that most people would learn to use CV4FeC very quickly
Question 8 I found CV4FeC very confusing to use
Question 9 I felt very confident using CV4FeC
Question 10 I needed to learn a lot of things before I could get going with CV4FeC.

4. Preliminary Results

This section presents the results of a preliminary evaluation conducted on the CV4FeC
tool. At this stage, we collected feedback through simulations using videos sourced from
public databases on the internet, featuring people expressing various reactions.

4.1. Technology Acceptance Model Evaluation

Figure 6 presents the results of the TAM evaluation for CV4FeC. The analysis shows
that participants overwhelmingly responded positively across all categories: Perceived
Usefulness, Perceived Ease of Use, and Intention to Use. The majority of respondents
either “Totally Agree” or “Strongly Agree” with the statements provided. This indicates
that users found the CV4FeC tool effective in improving the feedback collection process
for software prototypes, easy to use, and something they intend to continue using in future
projects. The consistently high ratings across all TAM statements reflect the tool’s strong
usability and perceived value among its users.



Figura 6. TAM Final

4.2. System Usability Scale Evaluation
Blattgerste et al. (2022) [Blattgerste et al. 2022] introduced an online analysis tool speci-
fically designed for the System Usability Scale (SUS). This tool simplifies the calculation
of the SUS score, median values, response distribution, and other key metrics. Figure 7
shows the SUS scale as applied to CV4FeC. The overall SUS score was 97.5 (Percentile
Value), placing it in the “Best Imaginable” category.

Figura 7. SUS results

5. Final Remarks
This paper introduced CV4FeC as an innovative tool for software development, enabling
teams to collect and analyze feedback through the integration of facial expression and
sentiment analysis. This approach not only enhances the accuracy of specifying functional
requirements but also aligns software design with user expectations.



However, given its nature, our study faces several validity threats. The reliance
on facial expression and sentiment analysis may introduce biases due to variations in
user expressions, potentially affecting feedback accuracy. To address this, we utilized
the FERC-2013 dataset and conducted diverse user testing, though the findings may not
be fully generalizable. Additionally, the feedback reflects the subjective views of our
participants, which may not represent the broader user population. We mitigated this by
conducting multiple evaluation iterations using TAM and SUS methods. Moreover, the
specific software prototypes tested could influence perceptions of the tool’s usefulness
and ease of use; we minimized this by selecting a variety of prototypes, but the results
should be interpreted with this limitation in mind.

Despite these limitations, the study shows that CV4FeC is effective in a controlled
environment and holds significant potential to enhance feedback collection in software de-
velopment. Future work will focus on expanding the tool’s application to a wider range of
user groups and prototypes, as well as refining the analysis algorithms to further improve
accuracy and generalizability.
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