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ABSTRACT. This study aims to analyze the experiences of individuals involved in a project that had to
quickly transition to remote work during the COVID-19 pandemic. Data were collected in late 2020, a pe-
riod when remote work was intensive, and effective drugs and vaccines against SARS-CoV-2 virus were not
yet available. To collect the data, a link to a questionnaire was made available in project management groups
on social networks. Out of a total of 162 voluntary respondents, data from duplicate records and those who
were not involved in the project during the pandemic were excluded, resulting in 134 valid responses. The
focus was on the perception of remote work in relation to project success criteria and respondent profiles.
Data analysis was conducted using an ordered classification method, utilizing Likert frequency counts,
data segmentation, and the k-modes clustering method, supported by the R programming language. The
findings indicate that remote work has a positive influence on project performance. However, the impact
varies across different respondent profiles. Data segmentation suggests that male participants, unmarried
respondents, individuals without children or elderly dependents, those without a dedicated workspace, and
project managers (when compared to team members) perceive remote work to have a less favorable im-
pact on project success. In the cluster analysis using k-modes, data was organized into two clusters, and it
was observed that within Cluster 2, which had a comparatively lower perceived performance, there were
more components with similar profiles highlighted in the data segmentation analysis. This suggests that the
multi-factorial effect is consistent with the individual segmentation of each profile variable. These insightful
findings have significant implications for the development of tailored project continuity plans, particularly
in situations requiring a swift transition to remote work. The study’s main contribution lies in its innovative
approach to distinguish between participant profiles, providing valuable insights into various criteria for

project success.
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2 CLUSTERING MEMBERS OF PROJECT TEAMS ACCORDING THEIR PERCEPTIONS

1 INTRODUCTION

According to Heng et al. (2012) the rapid transition from on-site work to remote work has been
frequently adopted to ensure business and project continuity in emergency situations, such as
during disasters.

During outbreaks of communicable diseases, remote work has also been employed as a pre-
ventive measure. However, in recent history, no event compares to the isolation imposed by the
SARS-CoV-2 virus pandemic (Buomprisco et al., 2021; Kashive et al., 2021; Liebermann et al.,
2021; Patanjali & Bhatta, 2022).

The SARS-CoV-2 coronavirus pandemic began in late 2019 in Wuhan, the capital of Hubei
province, China, and spread to other regions of the world in the first quarter of 2020. This rapid
spread required the immediate adoption of social distancing measures to prevent the accelerated
transmission of the virus and the overload of healthcare systems (Belzunegui-Eraso & Erro-
Garcés, 2020; Kashive et al., 2021; Shereen et al., 2020).

Despite the pre-pandemic growth of teleworking, which is considered a measure resulting in
increased productivity, employee retention, organizational commitment, and organizational per-
formance (Martin & MacDonnell, 2012), the abrupt migration to this work model involved an
unplanned adoption for many. This unforeseen circumstance may have had a potential negative
impact on project performance.

It is important to note that the overall context of the pandemic was negative, including the psy-
chological impact of quarantine and social isolation on individuals, which could have affected
project performance to varying degrees depending on individual circumstances (Brooks et al.,
2020).

In this regard, this study aimed to evaluate the impact of remote work on project performance
among different profiles of project participants and leaders during the pandemic. As project suc-
cess is measured using multi-factorial approaches (Albert et al., 2017; Borges & De Carvalho,
2015; Varajao et al., 2022), the influence of teleworking on various success criteria collected
from the literature was also assessed.

By acknowledging disparities among participants concerning each dimension of project success,
it becomes feasible to devise tailored responses for each subgroup. This approach instills ratio-
nality in management actions, as group members tend to seek commonalities among themselves
and distinctions from alternative groups. Consequently, in the event of recurrences, attributable
to various potential factors, opportunities for learning can be capitalized upon. Subsequently,
project continuity plans can be formulated while considering these profile differences, enabling
the seamless implementation of teleworking with the preservation of project performance.

Several recent studies have employed K-modes clustering to cluster datasets characterized by
categorical attributes, subsequently suggesting recommendations or actions tailored to each clus-
ter.(De Lorena & Costa, 2023; Chu et al., 2023; Tan & Mehta, 2022; Tolner et al., 2021; Banerjee
etal., 2021).
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Indeed, the K-modes method is specifically designed for the examination of respondent pro-
files defined by categorical data and sets itself apart from other clustering algorithms.(Zafar &
Swarupa Rani, 2021).

The main objective was to to analyze the experiences of individuals who were involved in a
project and had to make a rapid transition to remote working due to the COVID-19 pandemic.
Our initial hypothesis posits that the success of the project could be influenced by social

predictors such as “gender,” “marital status,” and “responsibilities towards the elderly and
children.”

It is important to consider that during the analyzed period, schools and kindergartens were not
operational(Pontarolo et al., 2023), the elderly population was at a higher risk, and vaccines and
medicines were not readily available.

It is plausible that various combinations of profile characteristics could affect the perception of
the project’s success among those involved.

Other assumptions pertained to infrastructure factors, including “internet access” and “shared
workplace facilities.” Finally, we anticipated that project managers might experience more stress
compared to project team members.Consequently, we examined the roles within the project.

To support the investigation of such hypotheses, thereby achieving the central objective
of enhancing continuity plans in future situations, we formulated the following subsidiary
questions:

Q1: What are the project success criteria adopted in academic literature?

Q2: What is the perceived influence of telecommuting in overall project success?

Q3: Was there variation in perceived influence between project success criteria?
* Q4: Was there variation in influence between participants due to social predictors?

* Q5: What is the relationship between the identified criteria and the overall project success
assessment?

L]

Q6: What If we apply clustering technique on data influencing project performance, what
is the performance and profile of the cluster components?

The subsequent sections will present the theoretical foundations, the methodology employed, the
analysis of the findings, and the concluding remarks.

2 THEORETICAL BACKGROUND

Two concepts relevant to the development of this work are presented below, telecommuting and
k-modes clustering.
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2.1 Telecommute

Remote work, work-from-home, work-from-anywhere, and telecommute are some of the terms
used to refer to the migration from the traditional social organization of work, where employees
have a specific place for carrying out activities, to the modern possibility of working outside a
centralized workplace (Green et al., 2020; Liebermann et al., 2021; Martin & MacDonnell, 2012;
Pirzadeh & Lingard, 2021).

The emergence of telecommute is attributed to the work of an American scientist named Jack
Nilles (Nilles, 1975), who proposed the use of telephone lines and computers to divert some
work from traditional offices, thus promoting a reduction in urban traffic. He became known as
the “Father of telecommute” (Pirzadeh & Lingard, 2021). Since then, many transformations in
these models have been experienced, and special conditions, such as the pandemic, have forced
the unplanned adoption of remote work.

Because of its extremely infectious nature, the COVID-19 pandemic caused extensive social
isolation and a considerable increase in telecommute. Health authorities enacted social distancing
measures, resulting in school closures, workplace closures, and travel restrictions, making remote
work a critical tool for business continuity and virus exposure minimizationSalon et al. (2022);
Mendrika et al. (2021).

2.2 K-modes Clustering

Clustering systems are widely used to identify groups of elements with similar characteristics
and significant differences from other groups. These methods form the basis of computational
intelligence and have been developed since the pioneering works of Steinhaus (1956), Ball &
Hall (1965), MacQueen (1967), and Lloyd (1982), who developed and improved the k-means
algorithm. This algorithm uses the centroid, which is composed of the means of the coordinates
of the elements, to represent the group of elements based on the Euclidean distance from the
elements to the centroid.

There are other algorithms considered as extensions or derivatives of K-means to handle specific
data characteristics or desired applications. For instance, there is the K-medoid algorithm, which,
in determining the cluster center, uses actual data points as representatives of the clusters, referred
to as “'medoids,” thus giving rise to the name *K-medoid.” This approach differs from K-means,
which calculates cluster centers using mean centroids(Kaufman & Rousseeuw, 2009).

Another algorithm is K-modes which is designed specifically for dealing with categorical data,
such as Likert scales(Likert et al., 1934). The K-modes algorithm employs often used when
are involved categorical data. It uses a dissimilarity metric based on mode (instead of means,
for continuous data using k-means) and may effectively group data based on similar response
categories, allowing for more appropriate clustering for this type of data(Kaufman & Rousseeuw,
2009).
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In search of a more suitable tool for this type of data, the k-modes method was developed, which
seeks a representative of the group through the mode. In this case, the mode of each coordi-
nate represents the components of the group. The iterative K-modes algorithm executes proce-
dures to identify elements with the lowest dissimilarity to the mode members of their respective
groups, thereby determining the medoid, which serves as the representative center of the group
that attains the minimum dissimilarity with its set of constituents(Kaufman & Rousseeuw, 2009;
Huang, 1998). Dissimilarity is a metric used to quantify the distinction or separation between
two data entities. Gower distance(Gower, 1975), on the other hand, is a standardized metric that
ranges from 0 (indicating maximum similarity) to 1 (indicating maximum dissimilarity)(Hennig,
2010; Huang et al., 2013).”

3 METHODS

To achieve the objectives of this study, particularly at the appropriate time, which was during the
pandemic and remote work emergency, we initiated by exploring the specialized literature that
investigates the most relevant criteria used to evaluate project success. In addition to the collected
attributes, we incorporated some that, based on our previous experience in project management,
we believed could also affect the project during this pandemic period.

Based on the literature and researchers’ experience, a data collection instrument was constructed
and presented to a small group of respondents to evaluate its form. In this evaluation, the vol-
unteers also provided criticism and suggestions regarding the clarity of the questions and alter-
natives that comprised the form. After collecting this feedback, improvements were made to the
questionnaire before it was exposed to the research’s target audience.

After prospecting social media channels populated by project professionals to display the form
and invite voluntary participation in the survey, data collection was conducted between October
2020 and April 2021.

The collected data underwent analysis using the statistical software R, specifically version 4.1.3.
Essential statistical packages, notably the Likert package (Jason Bryer, 2016) version 1.3.5, were
employed.

The graphical representation of the procedures is depicted in Fig. 1.

3.1 Bibliographic survey

The success of the project is widely discussed in the literature, although this topic is still exhaus-
tive. A literature review was conducted in Scopus and Web of Science (WoS) to identify criteria
that influence project success; following Rodriguez (Rodriguez et al., 2013), this choice avoids
the use of non-peer-reviewed articles and reduces the likelihood of considering “grey literature”
(Rothstein & Hopewell, 2009). or predatory sources.

A search in the literature for the most recent criteria for project success was carried out. The
search was conducted using the databases Scopus and Web of Sciences (Wos). The search term
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Explore the literature for ) Construction of the data

success criteria collection instrument P | Testing the survey form

Analysis of the collected

Data collection — data

— | Discussion of the results

Figure 1 — Procedure used for this study.

used in the Scopus database was (TITLE-ABS-KEY (”project management””) AND TITLE-ABS-
KEY (’success criteria”)).

In the base Web of Science, we used the terms “project management” AND “success criteria”
(Title) or “project management” AND success criteria” (Abstract) or ’project management”
AND ”success criteria” (Author’s keyword).

As a consequence of this investigation, Table 1 was created, in which the following recurring
criteria were identified in the analyzed articles, along with a brief description and corresponding
references.

Such criteria were gathered in order to support a list of variables for measuring project success
in various aspects. Despite the fact that the subjectivity involved is acknowledged, even in each
criterion specifically evaluated.

3.2 Design of the data collection instrument

The questionnaire was designed so that participants could indicate the degree of influence of
remote work on the project success criterion according to the following scale: (1) very negative
influence, (2) negative influence, (3) neutral influence, (4) positive influence, (5) very positive
influence.

Before making the form available to the public, it was tested with 5 selected respondents with
varying degrees of familiarity with project management and computerized tools. After answering
the questionnaire, they were asked to suggest improvements in the question formulation or al-
ternatives and provide feedback on possible ambiguities or inaccuracies in the terms used. After
incorporating the improvement suggestions, the final form was prepared.

The questionnaire was created using the Google Forms platform, and the link to the form was
disseminated through social media, specifically project management groups on Facebook® and
LinkedIn® on November 4, 2020. It was open to receive contributions through the address: https:
/lforms.gle/M8sm2nicg9Sz3TFV7 until December 5, 2020, a period when many workers were in
remote mode due to the SAR-COV-2 Coronavirus pandemic and the absence of control measures
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Table 1 — Project success criteria.

Criterion Brief Description References
Time The project is completed within the De Wit (1988); Pinto & Prescott (1988);
initially specified time-schedule Shenhar et al. (1997)
Costs Does not exceed the established Pinto & Prescott (1988); Shenhar et al. (1997);
budgetary limits De Wit (1988); Baccarini (1999); Jugdev &
Miiller (2005); Andersen et al. (2006); Abdul
et al. (2010); Serrador & Turner (2015); Albert
et al. (2017); Koops et al. (2017); Pollack et al.
(2018)
Scope Achieved within the defined scope, Pinto & Prescott (1988); Shenhar et al. (1997);
technical performance, and De Wit (1988); Atkinson (1999); Jugdev &
expected quality, according to Miiller (2005); bin Abdullah et al. (2010);
prescribed requirements and Serrador & Turner (2015); Albert et al. (2017);
implicit expectations Koops et al. (2017); Pollack et al. (2018)
Efficiency Resources were applied in a De Wit (1988); Atkinson (1999); Baccarini
rational manner (1999); Jugdev & Miiller (2005); Andersen
et al. (2006); Serrador & Turner (2015)
Mission/Purpose The project outcome fulfills the Pinto & Prescott (1988); Shenhar et al. (1997);

intended purpose and motivates
project accomplishment

Atkinson (1999); Baccarini (1999); Jugdev &
Miiller (2005); Andersen et al. (2006); Serrador
& Turner (2015); Albert et al. (2017);
Montes-Guerra et al. (2015)

Organizational Benefits

Strategically contributes to
organizational objectives

De Wit (1988); Atkinson (1999); Baccarini
(1999); Jugdev & Miiller (2005); Andersen
et al. (2006); Serrador & Turner (2015)

Future Preparedness

Creates conditions for institutional
development

Shenhar et al. (1997); Serrador & Turner (2015)

Stakeholder
Satisfaction

Meets the expectations of
stakeholders, including sponsor,
end-user, project team, suppliers,
etc.

Pinto & Prescott (1988); Shenhar et al. (1997);
De Wit (1988); Atkinson (1999); Baccarini
(1999); Jugdev & Miiller (2005); Andersen

et al. (2006); Serrador & Turner (2015); Albert
et al. (2017); Koops et al. (2017)

Political and Social
Impacts

Addresses political and social
expectations

Montes-Guerra et al. (2015); Koops et al.
(2017)

Legality and

Carried out in accordance with

Montes-Guerra et al. (2015); Koops et al.

Compliance governance rules and requirements (2017)

Safety Performed with safety measures Koops et al. (2017); Acheamfour et al. (2019)
and provides user safety

Sustainability Positively impacts the environment, ~ Koops et al. (2017); Acheamfour et al. (2019);

society, and finances

Khalifeh et al. (2020); Mansell et al. (2020)

such as vaccines and effective medications.Data collection took place during a limited time-frame

as some regions began vaccinating high-risk groups and easing restrictive measures. Therefore,

we conducted data collection using a convenience sampling approach, where a participant who

fit the expected survey profile was asked to refer other respondents who had been involved in

remote projects during this period.
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4 RESULTS

A total of 162 responses were obtained, after excluding duplicate contributions (due to form
failures), resulting in 145 responses. We also identified 11 participants who were not involved
in projects during the pandemic period and removed their contributions. This data arrangement
resulted in a total of 134 observations.

4.1 Perceived influence in overall project success

Overall data analysis was performed, including the ranking of evaluated aspects (criteria),
the heat map of the provided responses, correspondence analysis (Polychoric matrix), data
segmentation by demographics, and clustering using the k-modes algorithm.

The Fig. 2 shows the influence of telecommuting on the overall success of the project in the

perception of the respondents.

Perceived influence on overall project success
60 58

Frequency

2 4

(1) very negative, (2) negative, (3) neutral, (4) positive, (5) very positive
Figure 2 — Perceived influence of telecommuting on overall project success.

Most of respondents(65.9%) indicated that telecommuting positively influenced the overall
performance of the projects they participated in this period.

Another graph illustrating these preliminary results is shown in Fig. 3, which employs a heat map
to visualize the concentration of responses for each alternative and criterion.

Pesquisa Operacional, Vol. 43, 2023: e276911
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Perceived influence of working from home on the performance of the projects

Sustainability 1.55% 8.20% 22.48% 36.43% 33.33%
Stakeholders_satisfaction 0.00% 8.59% 35.16% 37.50% 18.75%
Scope 0.00% 16.15% 29.23% 33.85% 20.77%
Schedule 0.00% 21.21% 16.67% 36.36% 25.76%
Safety 0.00% 3.82% 17.56% 32.82% 45.80%
Purpose_and_mission 0.76% 6.06% 36.36% 31.06% 25.76%
Project_team_satisfaction 0.00% 19.85% 18.32% 42.75% 19.08% Percent
Preparing_for_the_future 0.00% 9.23% 13.85% 45.38% 31.54% I o
Political_and_social_factors 3.10% 20.16% 31.01% 24.81% 20.93% ;2
Organizational_benefits 0.00% 10.00% 16.15% 47.69% 28.15% 25
Legality_and_compliance 0.79% 10.32% 38.10% 30.95% 19.84% 0
Learning_opportunity 0.00% 10.69% 12.98% 35.11% 41.22%
Innovation 0.76% 12.88% 18.18% 30.30% 37.88%
End_user_satisfaction 0.00% 9.76% 35.77% 39.02% 15.45%
Efficiency 0.75% 14.93% 16.42% 36.57% 31.34%
Cost 0.00% 10.24% 32.28% 22.83% 34.65%
.Overall_performance 0.75% 16.42% 16.42% 43.28% 23.13%
Mean (SD)  Very Negative Nevative Neutral Positive Very Postive

Figure 3 — Heat-map of the influence perceived by respondents of telecommuting on the success of the
project.

4.2 Perceived influence between project success criteria

The questionnaire responses were processed by the statistical software R using the likert package
(Jason Bryer, 2016). The graph generated by the "likert” package’s plot() function that is a visual
representation of Likert scale data. It helps visualize the distribution of participants’ responses
across the scale categories.

The graph consists of a series of bars representing the Likert scale categories along the y-axis,
while the x-axis represents the count or proportion of responses in each category.

The bars are divided into segments, where each segment represents a specific response. In our pa-
per (1) very negative influence, (2) negative influence, (3) neutral influence, (4) positive influence,
(5) very positive influence. The length of the segment within the bar indicates the percentage of
responses in that specific category. Additionally, the bars are split into colored parts to indicate
the direction of divergence from a reference response - in our case (3) neutral influence - so that,
The categories received different colors. At the negative side of the , the answers , (1) very neg-
ative influence are shown with color dark red and (2) negative influence in light red, in the other
hand, the categories (4) positive influence use light green, and (5) very positive influence, dark
green.

Pesquisa Operacional, Vol. 43, 2023: e276911
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The compared questions are shown in the decreasing ordination of balancing (4) and (5) in
comparison of (1) and (2). The result of our analysis are displayed in Figure 4.

Perceived influence of working from home on the performance of the projects

Safety 4% 18% 79%
Preparing_for_the_future 9% 14I% 7%
Leamning_opportunity | 11% 13:% 76%
Organizational_benefits | 10% 16I% 74%
Sustainability 8% 22I% 70%
Innovation | 14% '18I% 68%
Efficiency | 16% 1BI% 68%
.Overall_performance | 17% 1BI% 66%
Schedule | 21% 17% 62%
Project_team_satisfaction |  20% 18I% 62%
Cost| 10% 32I% 57%
Purpose_and_mission 7% SBI% 57%
Stakeholders_satisfaction 9% 35I% 56%
Scope | 16% 29% 55%
End_user_satisfaction |  10% 36I% 54%
Legality_and_compliance | 11% 38I% 51%
Poliical_and_social_factors | 23% 31I% 46%
100 50 fIJ 100
Percentage
Response Very Negative Nevative Neutral Positive . Very Positive

Figure 4 — Ranking of the respondents’ perceived influence of telecommuting on individual success
criteria.

It can be noticed that “Overall performance” was influenced negatively or very negatively by
19% of respondents, neutrally by 16%, and positively or very positively influenced by 65% of
survey participants.

Among the 16 criteria presented, ”learning opportunity” obtained the best evaluation, with 80%
positive or very positive influence evaluations, and “attention to political and social factors” got
the most negative evaluation, with 12% negative or very negative evaluations, 36% neutral, and
52% positive or very positive evaluations.

It is worth noting that in all cases, less than 2% of respondents chose the alternative (1) “very
negative” influence. The (3) “neutral” ratings ranged from 12.98% in terms of learning oppor-
tunity to 36.59% in terms of “cost.” The (5) “very positive” evaluation only received 13.95%
for ”end user satisfaction,” 45.86% for “project team satisfaction,” and 45.86% for “legality and
compliance.” However, none of the respondents indicated (1) a very negative influence for 9 of
the 16 criteria, namely “stakeholder satisfaction”, ’scope”, “performed safely”, ”project team

Pesquisa Operacional, Vol. 43, 2023: e276911
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95 99 9% 99

satisfaction”, "future readiness”, “organizational benefits”, "legality and compliance”, “end user
satisfaction”, ’learning opportunity”, and “costs”.

4.3 Data analysis segmented by respondent profile

Brazil had the highest participation rate in projects, with 101(75.4%), followed by the United
States with 13(9.7%), Germany with 9(6.7%), and other countries with 11(8.2%). It is also worth
noting that only 24 (17.9%) of these respondents worked remotely before the pandemic.

Respondent profiles were assessed based on their project role, gender, marital status, parental
responsibility of children or the elderly, and workplace usage. Table 2 shows the number of
respondents and percentages for each profile variant.

Table 2 — Respondents Profiles.

Profile Respondents(n) Percentage
Role played in the project

Project manager 60 44.8%
Team member 74 55.2%
Gender

Female 33 24.6%
Male 101 75.4%
Marital Status

Single 102 76.1%
Married 24 17.9%
Divorced 8 6.0%
Responsible for children or elderly

Yes 73 54.5%
No 61 45.5%
Workplace use

Exclusive 87 64.9%
Shared 47 35.1%
Adequate Internet

Yes 121 90.3%
No 13 9.7%

The likert package of R (Jason Bryer, 2016) was used to perform the comparative analysis, where
for each variable a neutral(3) response is centered and summed positive (4) and very positive(5)
influence responses on the right and negative(2) and very negative(1) responses on the left.

The results are show in Figure 5 wich shows the segmentation by profile, considering variables:
”Role in project team” and ”Gender of respondent” , Figure 6 that shows the segmentation by
profile, considering variables: ”Marital Status” and “Responsibility for elderly or children”. , and
Figure 7 that depict the segmented Results by ”Workplace Sharing” and ”Quality of Internet”.

Pesquisa Operacional, Vol. 43, 2023: e276911
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(a) Role in project team (b) Gender of respondent

Figure 5 — Segmentation by profile - Role in project team / Gender of respondent.

The results presented in Figure Sa indicate that the respondents’ performance varied according
to the different criteria. Figure 5b reveals that female respondents reported a greater positive
influence of remote work compared to male respondents. Except for a few criteria, respondents
with care-giving responsibilities for the elderly or children had a more positive influence on
remote work, as shown in Figure 6a. In Figure 6b, married or divorced participants scored higher
on 11 of the 16 criteria than single participants. Finally, Figure 7a shows that respondents who
had an exclusive workspace outperformed those who had to share the workspace with others,
whereas Figure 7b shows that the quality of the available internet influenced project performance.
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4.4 Relationship between criteria and overall success
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A polychoric correspondence matrix is used to understand how ordinal categorical variables re-

late to or influence one another. It facilitates in the detection of noteworthy patterns and provides
insights into the relationships between the variables under examination.

The index for the polychoric correlation matrix is calculated by utilizing statistical associ-

ation measures that take into account the ordinal character of the category variables under

consideration.

The Polychoric Contingency Coefficient (PCC) is a statistical measure used to assess the strength

of relationships between ordinal categorical variables. It has a value between 0 and 1, and it is as

follows:

¢ 0 (null) indicates that there is no correlation between the variables

* 1 (one) represents a perfect association between the variables.
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With the purpose of investigating the relationship between the identified criteria and the overall
project success assessment another analysis was carried out using the Polychoric correlation
matrix between individual success criteria and global success, with the results shown in Fig. 8.

The following individual criteria had the highest correspondence indices with Overall Success:
Efficiency (0.78), Purpose and mission (0.68), Scope, stakeholders and project team satisfac-
tion (0.62), Schedule (0.61) and Organizational benefits (0.55). The lowest indices Learning
Opportunity (0.32) and Sustainability (0.38).
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Figure 8 — Polychoric correlation between success criteria and global success.

4.5 Data clustering and Respondent profiles

The k-modes clustering method (Huang, 1998), which is suitable for leading with categorical
data, was used to observe clusters with similar evaluation. We utilized the radar chart to mark the
coordinates of the medoids for each cluster, which is representative of its cluster due to having
the lowest dissimilarity, as per the method’s objective. Thus, we can analyze the cluster through
its best representative, a virtual medoid component that has the modes for each variable from the
assessments of the components within that cluster. The cluster number k=2 was determined using
the Silhouette method (Rousseeuw, 1987). The illustration depicting the comparison between
clusters is presented in Figure 9.

In Figure 9, where the modes are represented as radar plots, a significant difference between the
clusters is evident. However, in Figure 10, which presents the ordering using the likert package
for each criterion grouped by cluster, it can be observed that the mode, which provided the
modeoid, fails to convey all the information that the likert graph enables. Despite likert graphs
being the recommended method, there is a suspicion that k-means clustering for this type of
analysis may be more comprehensive in comparing categories. This is because the mean, which
indicates the centroids of the clusters, preserves more information from the dataset that composes
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Figure 9 — Radar Plot: Variables of Medoide of each cluster.

such clusters. The successful utilization of these methods can be seen in previous studies such as
De Souza & Costa (2021); De Souza et al. (2022b, 2023, 2022c¢).

But, it is possible to notice a difference between the groups, where the answers of cluster 1
outnumber those of cluster 2 in all criteria. Thus, we sought to compare what would be the
profile of the respondents in each cluster. Table 3 shows the predominant respondent profile in
each cluster.

It was possible to verify that the profiles that in the segmented Likert chart showed the best
influence of remote work on project performance, were more present in cluster 1.

In the consolidated table, which presents a comprehensive overview of respondent characteristics
and their corresponding clusters, we can observe the following trends. The categorization by
respondents’ roles in projects shows that Cluster 1 has a slightly higher proportion of project
participants compared to project managers. When examining the distribution of gender within
each cluster, it becomes apparent that Cluster 1 has a higher proportion of females, particularly
those with a more positive perception of telecommuting in projects. Analyzing the data based on
marital status, we find a significant predominance of unmarried individuals in Cluster 2, which
represents respondents with a more negative perception of remote work. The segmentation by
responsibility for children or the elderly indicates a slightly higher proportion of individuals in
Cluster 1 who bear this responsibility. Notably, Cluster 1 is characterized by a greater presence
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k-modes clustering
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Figure 10 — Segmented criteria by cluster.

of respondents who have an exclusive workplace for themselves, contributing to their overall
better performance. Lastly, the comparison based on the quality of internet networks reveals a
slight increase in the proportion of dissatisfied respondents with their networks in Cluster 2.
The consolidated table provides a more concise and organized representation of these insights,
making it easier to interpret the data holistically.
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Table 3 — Profiles present in each Cluster.

Variable and Variants % Respond. in Cluster 1 % Respond. in Cluster 2
Role in Projet Team

Team Member 56.9% 54.5%

Project Manager 43.1% 45.5%
Gender

Male 72.4% 77.9%

Female 27.6% 22.1%
Marital Status

Single 8.6% 24.7%

Married 79.3% 74,00%

Divorced 12.1% 1.3%
Responsible for eldery or children

Yes 58.6% 53.2%

No 41.4% 46.8%
Workplace sharing

Dedicated 58.6% 53.2%

Shared 41.4% 46.8%
Internet Quality

Suitable 91.4% 88.3%

Unsuitable 8.6% 11.7%

4.6 Consolidating the analysis

To consolidate the analysis performed, Table 4 was organized with the research question, analysis
technique, and main conclusions.

Comparing the findings of priority with the proposed model of De Souza et al. (2022a) for deter-
mining the relative importance of the criteria based on a multi-criteria technique (AHP), the top
five criteria identified are: ’Learning opportunities’, ’Scope’, *Innovation’, ’Cost’, and "Purpose
and Mission’.

As this is a recent experience, there is great opportunity in the specialized literature to reflect
on the "permanent’ consequences of the emergency adoption of remote work. Some first works
(Kifor et al., 2022; Nolan et al., 2021; Pillai & Prasad, 2022) indicate that, after the pandemic,
the system can continue as a mode of work, taking into account the nature of the work to be done
and the personal conditions of the participants. There is a tendency for the work mode to remain,
even if in combination with face-to-face or hybrid work.

Our work indicated better perceived performance of workers who had tutoring, without checking
the age or degree of dependence on the tutor. Such absence of information may explain the
difference to the findings of Kifor et al. (2022) who indicated that having young children in the
house (6 years or younger) has a negative impact on technical performance, on the other hand,
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Table 4 — Consolidation of analysis.

Question

Analysis performed

Comments

Ql

Bibliographic survey

Was identified in specific literature the frequent criteria
used to evaluate project success

Q2

Histogram

Most of the participants (66%) perceived positive or very
positive influence of telecommuting on overall project
success

Q3

Overall Likert Order

Overall performance scored positive or very positive in
65% of the responses provided. The evaluations had a
positive balance in all criteria

Q4

Segmentation by role in the project

It was observed that project managers evaluated more
positively the overall performance in relation to political
factors, legality, compliance, and political and social
factors. On the other hand, team members reported a more
positive impact on sustainability criteria and learning
opportunities.

Q4

Segmentation by gender

In all criteria, female respondents registered more positive
influence responses than male respondents

Q4

Segmentation by responsibility for
the elderly and children

Observed prevalence of more positive influence for
respondents who were responsible for the elderly or
children.

Q4

Segmentation by marital status

Perceived, for all criteria, more positive responses in the
following order: 1 divorced, 2 married, and 3 single.

Q4

Segmentation by workplace use

Perceived more favorable performance for respondents who
had an exclusive workplace compared to those who shared
it with another resident.

Q4

Segmentation by adequate internet
availability

The quality of the available internet affected the
performance of the project, with an advantage for
respondents who had good internet network, but only 9.7%
are subject to less than desirable internet quality

Q5

Polychoric Correlation

The correlation index of the individual criteria showed that
the following 5 highest correspondence with the global
performance: Efficiency (0.78), Purpose and mission (0.68),
Scope, stakeholders and Project team satisfaction (0.62),
Schedule (0.61)

Q6

Clustering k-modes

Cluster 1 outperforms Cluster 2, observing the same
advantage to the profiles observed in the profile-by-profile
segmentation

there was convergence on the benefits of an adequate infrastructure for performing remote work
(internet and dedicated workspace). The study of Kifor et al. (2022) also found that employees
who work from home are more likely to adapt to the new working environment and develop
routines and strategies that allow them to work productively, compared to those employees who
only occasionally turn their homes into offices.

In line with our work, Pillai & Prasad (2022), discussing differences by gender, found that also
that women employees benefit from flexible working as the main success factor highlighted.
The article also indicated that productivity increased throughout, but in the extended phase of
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teleworking. Especially those oriented towards technology faced health risks, burnout and job
attrition.

Nolan et al. (2021); Pillai & Prasad (2022) suggest that adopting a hybrid approach, with the ap-
propriate ratio of home and office working, is a balanced solution. Nolan et al. (2021) highlights
that this allows developers the flexibility to adapt to their personal needs, while maintaining
face-to-face interaction and effective collaboration with the team. Also registered that this hy-
brid approach can lead to a better work-life balance, increased productivity, higher employee
satisfaction and better overall performance.

Pillai & Prasad (2022) emphasizes the importance of Human Resources (HR) interventions,
specifically through effective training programs, to optimize the management of full-time re-
mote work and promote a positive work experience in both full-time and hybrid work settings.
By implementing these interventions, organizations can build on the productivity potential of
their employees and promote a culture of flexibility and adaptability.

Some of our findings could not be compared with the recent literature, because the profiles of
respondents by “role in project” and “marital status” were not discussed in the documents we
found and analyzed.

5 CONCLUSIONS, LIMITATIONS AND FUTURE RESEARCH

We surveyed the recurring criteria in the literature for evaluating project success, which
we list here: time, cost, scope, efficiency, mission/purpose, organizational benefits, future-
proofing, stakeholder satisfaction, political and social impact, legality and compliance, safety,
and sustainability.

We found that the perceived influence of telecommute was positive on the overall success of the
project, where 66% of the respondents indicated a positive (4) or very positive (5) influence.

The analysis using the Likert package of criteria indicated the following ordering of per-
ceived influence and their corresponding percentages of positive (4) or very positive (5) in-
fluence evaluations: “Safety” (79%), Preparation for the future (77%), Learning opportunity
(74%), Organizational benefits (70%), Sustainability (68%), Efficiency (68%), and Overall
success (66%).

The perception of influence on project success varies by distinct respondent profiles. For instance,
male participants, unmarried respondents, individuals without children or elderly dependents,
those lacking a dedicated workspace, and project managers perceive telecommuting to have a
less favorable impact on project success.

By the polychoric correspondence analysis, we observed higher rates of correspondence with
the global success criteria: “Carrying out the project efficiently,” Meeting the project’s pur-
pose and mission, Satisfaction of the project’s stakeholders, Satisfaction of the project team,
and Accomplishment of the project in the desired scope, respectively.
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In the cluster analysis using k-modes, we observed clustering data according informed percep-
tions of influence in all criteria, the higher presence of profiles that had a less positive impact on
project performance within Cluster 2, witch is the one with lower perceived influence on project
success. This suggests that the multivariate effect aligns with the individual segmentation of each
profile variable.

The main objective of this article was to analyze the experiences of individuals who were in-
volved in a project and had to make a rapid transition to remote working due to the COVID-19
pandemic. By achieving the main objective of this study, we successfully identified the segmen-
tation of profiles that require more support for projects and measures to support future rapid
transitions to a remote working model, preserving and even increasing the performance of the
projects they are involved in.

The findings of this paper can support the development of customized project continuity plans,
especially in situations that necessitate rapid transitions to telecommuting, by tailoring strate-
gies and approaches to address the specific requirements of different participant profiles, or-
ganizations can enhance project outcomes and effectively navigate future scenarios involving
telecommuting.

Regarding the limitations of this study, we recognize that there was limited participation from
Asian and African respondents, which may have impacted the extension of the findings. To ob-
tain more robust results, a broader sample should be considered. Additionally, it is important to
highlight that the trajectory of the pandemic varies across regions, as do the stringency of social
isolation measures implemented. These regional differences should be taken into account when
interpreting the results.

We propose the following suggestions for future research to address the limitations: increase
diversity in the sample by including Asian and African respondents, expand the sample size to
enhance result extension, consider regional variations in the pandemic curve and social isolation
measures, assess the impact of cultural factors on remote work, and conduct longitudinal studies
across different pandemic phases to understand evolving experiences and implications.

By addressing these suggestions, future research can contribute to a more comprehensive un-
derstanding of the impact of remote work during the COVID-19 pandemic, while mitigating the
limitations mentioned in this study.

We also pointed as limitation of our study and suggestion for future research to employ logistic
regression to assess the probability of individual group membership, providing a more detailed
understanding of group categorization. Additionally, the application of Gaussian mixture mod-
els could offer valuable insights into clustering patterns. Furthermore, increasing the sample
size should be considered, with the objective of identify nuances in the data analysis, thereby
enhancing the robustness of the findings and their extension to a broader context.

Pesquisa Operacional, Vol. 43, 2023: e276911



22 CLUSTERING MEMBERS OF PROJECT TEAMS ACCORDING THEIR PERCEPTIONS

Acknowledgements

This study was financed in part by the Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior — Brasil (CAPES) — Finance Code 001, Conselho Nacional de Desenvolvimento
Cientifico e Tecnolégico (CNPq), and Fundacdo de Amparo a Pesquisa do Estado do Rio de
Janeiro(FAPERJ). The data (De Souza & Costa, 2022) used in this research are accessible in
https://data.mendeley.com/datasets/p3xpk6gkm6/1.

References

ABDUL AA, HAMZAH AR, ZAKARIA H, ALI MA & ABDUL MB. 2010. Literature map-
ping: A bird’s eye view on classification of factors influencing project success. African Jour-
nal of Business Management, 4(19): 4174—4182. Available at: http://www.academicjournals.org/
journal/AJBM/article-abstract/61F202518141.

ACHEAMFOUR VK, KissI E & ADJEI-KuMI T. 2019. Ascertaining the impact of contractors
pre-qualification criteria on project success criteria. Engineering, Construction and Architectural
Management, 26.

ALBERT M, BALVE P & SPANG K. 2017. Evaluation of project success: a structured literature

review.

ANDERSEN ES, BIRCHALL D, JESSEN SA & MONEY AH. 2006. Exploring project suc-
cess. Baltic Journal of Management, 1(2): 127-147. Available at: www.emeraldinsight.com/
1746-5265.htm.

ATKINSON R. 1999. Project management: Cost, time and quality, two best guesses and a phe-
nomenon, its time to accept other success criteria. International Journal of Project Management,
17(6): 337-342.

BACCARINI D. 1999. The Logical Framework Method for Defining Project Success. Project
Management Journal, 30(4): 25-32. Available at: http://journals.sagepub.com/doi/10.1177/
875697289903000405.

BALL GH & HALL DJ. 1965. ISODATA, a novel method of data analysis and pattern
classification. Tech. rep.. Stanford research inst Menlo Park CA.

BANERJEE M, CHIEW D, PATEL KT, JOHNS I, CHAPPELL D, LINTON N, COLE GD, FRAN-
cis DP, SzZrRaM J, Ross J ET AL. 2021. The impact of artificial intelligence on clinical edu-
cation: perceptions of postgraduate trainee doctors in London (UK) and recommendations for
trainers. BMC medical education, 21(1): 1-10.

BELZUNEGUI-ERASO A & ERRO-GARCES A. 2020. Teleworking in the Context of the Covid-
19 Crisis. Sustainability 2020, Vol. 12, Page 3662, 12(9): 3662. Available at: https://www.mdpi.
com/2071-1050/12/9/3662/htmhttps://www.mdpi.com/2071-1050/12/9/3662.

Pesquisa Operacional, Vol. 43, 2023: e276911



LUCIANO AZEVEDO DE SOUZA and HELDER GOMES COSTA 23

BIN ABDULLAH AA, RAHMAN HDA, BIN HARUN Z, ALASHWAL AM & MUTALIB A. 2010.
Literature mapping: A bird s eye view on classification of factors influencing project success.

BORGES JG & DE CARVALHO MM. 2015. Project success criteria: An exploratory study on
the influence of the variables project typology and type of stakeholder. Producao, 25(1): 232~
253. Available at: https://www.scielo.br/scielo.php?7pid=S0103-65132015000100232&script=
sci_arttext&tlng=pthttp://dx.doi.org/10.1590/S0103-65132014005000019.

BRrROOKS SK, WEBSTER RK, SMITH LE, WOODLAND L, WESSELY S, GREENBERG N &
RUBIN GJ. 2020. The psychological impact of quarantine and how to reduce it: rapid review of
the evidence. The Lancet, 395(10227): 912-920.

BuomMPRISCO G, Ricct S, PERRI R & DE S10 S. 2021. Health and Telework: New Challenges
after COVID-19 Pandemic. European Journal of Environment and Public Health, 2021(2): 73.
Auvailable at: https://www.ejeph.com.https//doi.org/10.21601/ejeph/9705.

CHU M, MA H, LEE CY, ZHAO Z, CHEN T, ZHANG S & CHIANG YC. 2023. Effect of online
and offline social network group clusters on life satisfaction across age groups. Heliyon, 9(5).

DE LORENA A & CoOSTA A. 2023. What entails risk management maturity in public
organisations? Journal of Risk Research, 26(5): 563-580.

DE SouzA LA & CosTA HG. 2021. Managing the conditions for project success: an approach
using k-means clustering. In: International Conference on Hybrid Intelligent Systems. pp. 396—
406. Springer.

DE SouzA LA & CosTtA HG. 2022. Work from home during the COVID-19 pandemic and
its influences on project success. Mendeley Data, 2. Available at: https://data.mendeley.com/
datasets/p3xpk6gkm6/1.

DE SouzA LA, CoSTA HG & DE ARAUJO HO. 2022a. Prioritizing criteria to evaluate project
success: modeling with the Analytic Hierarchy Process”. International Journal of the Analytic
Hierarchy Process, 14(1): 1-20. Available at: https://www.ijahp.org/index.php/IJAHP/article/
view/913.

DE Souza LA, DE PAULA FERREIRA M & COSTA HG. 2022b. Combining Clustering and Ma-
turity Models to Provide Better Decisions to Elevate Maturity Level. In: International Conference
on Intelligent Systems Design and Applications. pp. 337-346. Springer.

DE Souza LA, bo CANTO SoUzA W, DA SILVA WF, DE Souza HH, bE MELLO JCCBS
& CosTA HG. 2022c. Prioritizing Management Action of Stricto Sensu Course: Data Anal-
ysis Supported by the k-means Algorithm. In: International Conference on Hybrid Intelligent
Systems. pp. 432-440. Springer.

Pesquisa Operacional, Vol. 43, 2023: e276911



24 CLUSTERING MEMBERS OF PROJECT TEAMS ACCORDING THEIR PERCEPTIONS

DE SouzA LA, RaMos MMLC & CosTA HG. 2023. Prioritizing Educational Website Re-
source Adaptations: Data Analysis Supported by the k-Means Algorithm. In: Proceedings of In-
ternational Conference on Information Technology and Applications: ICITA 2022. pp. 139-150.
Springer.

DE WIT A. 1988. Measurement of project success. International Journal of Project
Management, 6(3): 164—170.

GOWER JC. 1975. Generalized procrustes analysis. Psychometrika, 40: 33-51.

GREEN N, TAPPIN D & BENTLEY T. 2020. Working from home before, during and after the
Covid-19 pandemic: Implications for workers and organisations. New Zealand Journal of Em-
ployment Relations, 45(2). Available at: https://search.informit.org/doi/epdf/10.3316/informit.
776939020713956.

HENG TB, Hoo1 SC, LIANG YY, OTHMA A & SAN OT. 2012. Telecommuting for business
continuity in a non-profit environment. Asian Social Science, 8(12): 226-237. Available at: https:
/lccsenet.org/journal/index.php/ass/article/view/20782.

HENNIG C. 2010. Methods for merging Gaussian mixture components. Advances in data
analysis and classification, 4: 3-34.

HUANG H, TANG Q & L1u Z. 2013. Adaptive correction forecasting approach for urban traf-
fic flow based on Fuzzy c¢ -mean clustering and advanced neural network. Journal of Applied
Mathematics, 2013.

HUANG Z. 1998. Extensions to the k-means algorithm for clustering large data sets with
categorical values. Data mining and knowledge discovery, 2(3): 283-304.

JASON BRYER M. 2016. Type Package Title Analysis and Visualization Likert Items, .

JUGDEV K & MULLER R. 2005. A Retrospective look at our Evolving Understanding of Project
Success. Project Management Journal, 36(4): 19-31.

KASHIVE N, SHARMA B & KHANNA VT. 2021. Work from home: understanding boundary
management profiles using boundary-fit perspective. International Journal of Organizational
Analysis, ahead-of-print(ahead-of-print).

KAUFMAN L & ROUSSEEUW PIJ. 2009. Finding groups in data: an introduction to cluster
analysis. John Wiley & Sons.

KHALIFEH A, FARRELL P & AL-EDENAT M. 2020. The impact of project sustainability man-

agement (PSM) on project success: A systematic literature review. Journal of Management
Development, 39(4): 453-474.

KiFOR CV, SAVESCU RF & DANUT R. 2022. Work from home during the COVID-19 pan-
demic—the impact on employees’ self-assessed job performance. International Journal of
Environmental Research and Public Health, 19(17): 10935.

Pesquisa Operacional, Vol. 43, 2023: e276911



LUCIANO AZEVEDO DE SOUZA and HELDER GOMES COSTA 25

Koors L, VAN LOENHOUT C, BOSCH-REKVELDT M, HERTOGH M & BAKKER H. 2017.
Different perspectives of public project managers on project success. Engineering, Construction
and Architectural Management, 24(6): 1294-1318.

LIEBERMANN SC, BLENCKNER K, DIEHL JH, FEILKE J, FREI C, GRIKSCHEIT S, HUNSCH
S, KOHRING K, LAY J, LORENZEN G & REINHARDT J. 2021. Abrupt Implementation of
Telework in the Public Sector during the COVID-19 Crisis: Challenges to Transformational
Leadership. Zeitschrift fur Arbeits- und Organisationspsychologie, 65(4): 258-266. Available
at: https://econtent.hogrefe.com/doi/pdf/10.1026/0932-4089/a000367.

LIKERT R, ROSLOW S & MURPHY G. 1934. A Simple and Reliable Method of Scoring the
Thurstone Attitude Scales.

LLOYD S. 1982. Least squares quantization in PCM. IEEE transactions on information theory,
28(2): 129-137.

MACQUEEN J. 1967. Some methods for classification and analysis of multivariate ob-
servations. vol. 5.1. University of California Press. 281-298 pp.. Available at: https:
/Iprojecteuclid.org/ebooks/berkeley-symposium-on-mathematical-statistics-and-probability/
Proceedings- of-the-Fifth- Berkeley- Symposium-on-Mathematical-Statistics-and/chapter/
Some-methods-for-classification-and-analysis-of-multivariate-observations/bsmsp/
1200512992.

MANSELL P, PHILBIN SP & KONSTANTINOU E. 2020. Delivering un sustainable develop-
ment goals’ impact on infrastructure projects: An empirical study of senior executives in the
UK construction sector. Sustainability (Switzerland), 12(19): 1-29.

MARTIN BH & MACDONNELL R. 2012. Is telework effective for organizations?: A meta-
analysis of empirical research on perceptions of telework and organizational outcomes. Man-
agement Research Review, 35(7): 602—-616. Available at: www.emeraldinsight.com/2040-8269.
htm.

MENDRIKA V, DARMAWAN D, ANJANARKO TS, JAHRONI J, SHALEH M & HANDAYANTI B.
2021. The Effectiveness of the Work from Home (WFH) Program during the Covid-19 Pandemic.
Journal of Social Science Studies (JOS3), 1(2): 44—46.

MONTES-GUERRA M, DE-MIGUEL A, PEREZ-EZCURDIA M, RamMos F & MAURICIO
DiEZ-SILVA H. 2015. Project management in development cooperation. Non-governmental
organizations. Innovar, 25(56): 53-68.

NILLES J. 1975. Telecommunications and organizational decentralization. IEEE Transactions on
Communications, 23(10): 1142-1147.

NOLAN A, WHITE R, SOOMRO M, DoPAMU BC, YILMAZ M, SOLAN D & CLARKE P. 2021.
To work from home (WFH) or not to work from home? Lessons learned by software engineers

Pesquisa Operacional, Vol. 43, 2023: e276911



26 CLUSTERING MEMBERS OF PROJECT TEAMS ACCORDING THEIR PERCEPTIONS

during the COVID-19 pandemic. In: European Conference on Software Process Improvement.
pp. 14-33. Springer.

PATANJALI S & BHATTA NM. 2022. Work from Home During the Pandemic: The Im-
pact of Organizational Factors on the Productivity of Employees in the IT Industry:. New
Delhi, India: SAGE Publications. Available at: https://journals.sagepub.com/doi/full/10.1177/
09722629221074137.

PILLAT SV & PRASAD J. 2022. Investigating the key success metrics for WFH/remote work
models. Industrial and Commercial Training, (ahead-of-print).

PINTO JK & PRESCOTT JE. 1988. Variations in Critical Success Factors Over the Stages in the
Project Life Cycle. Journal of Management, 14(1): 5-18. Available at: http://journals.sagepub.
com/doi/10.1177/014920638801400102.

PIRZADEH P & LINGARD H. 2021. Working from Home during the COVID-19 Pandemic:
Health and Well-Being of Project-Based Construction Workers, Available at: https://orcid.org/
0000-0001-6511-0946.

PoLLACK J, HELM J & ADLER D. 2018. What is the Iron Triangle, and how has it changed?
International Journal of Managing Projects in Business, 11(2): 527-547. Available at: www.
emeraldinsight.com/1753-8378.htm.

PoNTAROLO MCC, DE Souza LA, DE CASTRO GR, ARONSON D & BERGIANTE
NCR. 2023. Universities in small brazilian cities: analysis of the impact of Covid 19 using
value-focused thinking. Pesquisa Operacional, 43: €263680.

RODRIGUEZ DSS, CoSTA HG & D0 CARMO LFRRS. 2013. Métodos de auxilio multicritério
a decisao aplicados a problemas de PCP: Mapeamento da producdo em periddicos publicados no
Brasil. Gestao e Producao, 20(1): 134-146.

ROTHSTEIN HR & HOPEWELL S. 2009. Grey literature. The handbook of research synthesis
and meta-analysis, 2: 103—125.

ROUSSEEUW P1J. 1987. Silhouettes: A graphical aid to the interpretation and validation of cluster
analysis. Journal of Computational and Applied Mathematics, 20(C): 53-65.

SALON D, MIRTICH L, BHAGAT-CONWAY MW, COSTELLO A, RAHIMI E, MOHAMMADIAN
AK, CHAUHAN RS, DERRIBLE S, DA SILVA BAKER D & PENDYALA RM. 2022. The COVID-
19 pandemic and the future of telecommuting in the United States. Transportation Research Part
D: Transport and Environment, 112: 103473.

SERRADOR P & TURNER R. 2015. The Relationship between Project Success and Project Ef-
ficiency. Project Management Journal, 46(1): 30-39. Available at: http://journals.sagepub.com/
doi/10.1002/pm;j.21468.

Pesquisa Operacional, Vol. 43, 2023: e276911



LUCIANO AZEVEDO DE SOUZA and HELDER GOMES COSTA 27

SHENHAR AJ, DVIR D & LEVY O. 1997. Project success: a multidimensional, strategic con-
cept — IEEE Conference Publication — IEEE Xplore, Available at: https://ieeexplore.ieee.org/
/abstrac//document//653423.

SHEREEN MA, KHAN S, KazMI A, BASHIR N & SIDDIQUE R. 2020. COVID-19 infection:
Origin, transmission, and characteristics of human coronaviruses. Journal of Advanced Research,
24: 91-98.

STEINHAUS H. 1956. Sur la division des corps materiels en parties. Bull. Acad. Polon. Sci., C1.
IIT vol IV: 801-804.

TAN F & MEHTA D. 2022. Health state risk categorization: A machine learning clustering ap-
proach using health and retirement study data. The Journal of Financial Data Science, 4(2):
139-167.

TOLNER F, FEGYVERNEKI S, EIGNER G & BARTA B. 2021. Clustering based on Preferences
with K-modes using Categorical Variables. In: 2021 IEEE 19th International Symposium on
Intelligent Systems and Informatics (SISY). pp. 55-60. IEEE.

VARAJAO J, MAGALHAES L, FREITAS L & ROCHA P. 2022. Success Management — From

theory to practice. International Journal of Project Management, Available at: https://linkinghub.
elsevier.com/retrieve/pii/S0263786322000473.

ZAFAR A & SWARUPA RANI K. 2021. Novel Initialization Strategy for K-modes Clustering

Algorithm. In: Proceedings of International Conference on Big Data, Machine Learning and
Applications: BigDML 2019. pp. 89-100. Springer.

How to cite

SouzAa LA & CosTA HG. 2023. Clustering Members of Project Teams According their Perceptions
about the Impact of Remote Work on Project Success: A Comparative Analysis. Pesquisa Operacional,
43: ¢276911. doi: 10.1590/0101-7438.2023.043.00276911.

Pesquisa Operacional, Vol. 43, 2023: e276911



