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Abstract

The pandemic novel Coronavirus disease and the resulting lockdowns have contributed to major economic distur-
bances around the world, forcing organisations to extend the work-from-home (WFH) option to their employees
wherever feasible. The current major challenge of this option is maintaining the efficiency and productivity of the
employees across the organisations. It is therefore important to understand the impact of this make-shift arrange-

ment of WFH policy and their underlying effects that may affect the efficiency of employees and hence their output
levels. This is a distinctive approach to develop a unique framework for efficiency index computation by evaluating
the efficiency levels of WFH mode in software organisations using multi-grade fuzzy approach and importance—per-
formance analysis. In turn, this would help to determine the crucial attributes that require improvement to increase

efficiency level.

fuzzy, Importance—performance analysis

the efficiency levels of employees concerned. In this study, a case project has been assessed and it was observed
that the efficiency index of WFH accounts to 4.92, which is in between the range of (4.01-6) specified as ‘Efficient’.
The framework can be used on a periodic basis to help software organisations to continuously improve their WFH
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Introduction

The unprecedented COVID-19 pandemic has disrupted
the business ecosystem in many ways. Many organi-
sations across the globe have been left with a choice to
have flexible working arrangements like working from
home (WFH), especially the Information Technol-
ogy (IT)-based organisations. During lockdown, the IT
industry has shifted seamlessly to the work-from-home
model, offering business continuity to customers with-
out reducing efficiency or productivity. Several business
leaders find WFH to be a permanent feature, and have
started to analyse its advantages and drawbacks. Recent
developments in the information and communication
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technologies have made it easier to perform tasks outside
the work-environment. Good internet connectivity and
user-friendly machines enable software professionals in
the IT industry to work from home. But how this work-
model transition has impacted the employees and the
respective stakeholders is a concern to be studied upon.
It is important to analyse the efficiency and performance
of software professionals in the IT industry in order to
evaluate the efficiency of WFH model. Only when effi-
ciency improves, the performance improves. This results
in an increase in productivity levels and performance,
as these factors are interconnected and are essential to
achieve the goals of a company.

This research is conducted to study the efficiency of
software professionals who are working from home due
to this COVID-19 pandemic. The attributes related to
efficiency have been drawn from review of various lit-
eratures and also by taking note of expert opinions. The
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attributes were then rated according to its effect on effi-
ciency, in order to find the weakest among them. An
MGF assessment model is necessary to examine how
the WFH model has affected a team’s or project’s effi-
ciency and productivity. Through this study, the weaker
attributes which are required to be improved in order to
increase the efficiency will be assessed and proper sug-
gestions will be provided to modify the same. Thus, a dis-
tinctive framework was developed which can be adopted
by any organisation in the software industry, to evaluate
the work-from-home efficiency levels of a particular team
or a project.

Literature review

A key policy implemented during the COVID-19 pan-
demic was ’social distancing’ [19] in the absence of a
vaccine or widespread testing which allows employees
in many jobs to work from home wherever feasible. In
addition to this, returning to work is likely to occur more
slowly for those jobs which involves a large degree of per-
sonal closeness to others [22]. According to Felstead et al.
[9], the option of working at home is more likely to be
available in the public sector, in large establishments and
also in those work environments where individuals are
responsible for the quality of their own production.

As per Lakshmi et al. [18], work-from-home is one
such activity that human resource managers should pur-
sue to recruit and retain high-quality employees with
benefits that go beyond the simple work-life balance.
The organisations must consider the relevant perspec-
tives and steps that will help both the organisations and
their employees to plan and provide maximum value by
providing an option to work from home. WFH provides
temporary flexibility and flexibility to the worker when
choosing working conditions [11].

Where occupational characteristics outweigh indi-
vidual characteristics, shifting to work-from-home can
depend on the average level of productivity at home ver-
sus at work, and does not require much selection, train-
ing and monitoring if workers choose to work from home
[17]. From the perspective of work-from-home, most of
the variable organisational and task characteristics were
correlated with the outcome measures including produc-
tivity, while the individual and household variables were
less closely related [3].

According to the study conducted by Duxbury et al.
[8], computer-supported supplemental work-at-home
(SWAH) provides advantages for organisations to pro-
mote the adoption of home technology for their employ-
ees. The organisations that provide computer equipment
for their employees to work from home will be benefit-
ing more in terms of employees’ productivity and profit.
If a company is not providing proper technical tools that
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fits the job that needs to be done in a virtual office, it can
adversely affect the productivity of the employees [15].
There should be a well-designed training program for
the employees and also for the leaders which includes
detailed instructions on the usage of technology and also
on the social and psychological changes to be made by
the respective organisations in this regard.

The study conducted by Venkatesh and Vitalari [26]
says that autonomy, flexibility and improved efficiency
are the key reasons behind working from home. Another
major defining factor is the portability. Hence, while
designing jobs, the organisation must consider these fac-
tors to make the work-from-home facility more effective.
The employers should be more conscious of the benefits
that might be obtained from a sound and solid family
lives of their employees, without dismissing these issues,
if it were solely a personal problem of an individual
employee alone [13].

Programmers consider telecommuting as an alterna-
tive to improve job satisfaction as they have a feeling
that it would result in ‘improved morale’ In a study con-
ducted by DeSancctis [6], it was advised to carry out more
research on how organisations can select the most appro-
priate alternative among the following options such as
flexitime, working in a satellite facility and telecommut-
ing so that it is favourable to enhance the productivity of
their programmers.

The economic and psychological benefits gained from a
family-friendly workplace include recruiting and retain-
ing skilled-staff, high levels of physical and psychological
well-being of employees, lower absenteeism, lesser sick-
leave rates and increased productivity [4].

There are many theories related to how employees
manage themselves based on the circumstances that
they have to undergo, in order to achieve the targeted
performance in their work. Also, in the face of high job
demands, employees either adopt performance protec-
tion strategies (e.g. mobilisation of additional mental
effort related with additional costs) or accept a decrease
in insidious performance (with no cost increase). The for-
mer is termed active coping mode, and the latter the pas-
sive coping mode [5, 16].

According to the study conducted by Olson [23], the
count of management and professional workers making
use of information technology to stay in touch twenty-
four hours a day, to extend the work day and the work-
place, and to provide rapid responses is increasing
day-by-day. This led to the usage of information technol-
ogy to support remote collaboration, particularly in those
companies which lack a traditional bureaucratic hierar-
chy structure.

The MGF assessment of efficiency of WFH model
among software professionals is inevitably required at
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various stages of projects in software organisations.
Adopting WFH strategy for all software professionals is a
new research area, and since only a very little exploration
has happened in this field, this has led to a motivation
for our study. The current study attempts to apply multi-
grade fuzzy to assess the efficiency of software profes-
sionals to achieve improvement in overall performance of
software projects, during and post-COVID-19 era.

In this paper, WFH enablers, criteria and their attrib-
utes were identified and a conceptual framework was
developed for the assessment of the efficiency level of
WEFH in COVID-19 era by using a multi-grade fuzzy
approach. The major objectives are shown below:

+ To identify the WFH enablers, criteria and attributes
of various software professionals.

+ To develop a multi-grade fuzzy based assessment
framework for measuring the efficiency of WFH of
software professionals.

+ To identify the weaker attributes of WFH of software
professionals in the case of a software project organi-
sation and to propose suggestions for improvement.

The aforementioned objectives were converted into the
following research questions (RQ):

RQ1: How to measure the efficiency of WFH of soft-
ware professionals?

RQ2: What are the attributes which affect efficiency
of WFH mode in software projects?

RQ3: How to improve the weaker attributes to
enhance the efficiency of WFH model?

In order to answer the questions listed above, an
assessment study was conducted. The measure of effi-
ciency so obtained would assist the project managers to
achieve the scope of their project. Additionally, a peri-
odical assessment on efficiency of WFH level of software
professionals would notably enhance their continuous
improvement in performance and services.

The rest of the paper is organised as follows. "Meth-
ods" section includes research methodology with a multi-
grade fuzzy approach and an analysis on IPA. "Results
and discussions" section is about the results and discus-
sion with suggestions to improve weaker attributes of the
case project. "Practical/Managerial implications" enlists
the practical implications, while "Conclusion" section
deals with the conclusion.

Methods

Case organisation

The case software organisation is located in India, and it
encourages its share of employees to work from home,
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due to the dreaded COVID-19 situation. This particu-
lar organisation runs multiple projects parallelly. An
assessment study was conducted on one among these
case projects, where all members of the team were
working from their home, from various locations across
India and overseas. The objective of this framework was
to assess the overall efficiency of their work through
WFH mode in the respective case project.

Multi-grade fuzzy

The multi-grade fuzzy approach is extensively applied
in manufacturing and service sectors for assessment of
leanness, agility, marketing flexibility, safety practice
level and service level [1, 12, 21, 24, 27-32]. The current
study utilises multi-grade fuzzy to assess the efficiency
of the work-from-home model among software profes-
sionals. The study begins with a review of literature on
work-from-home policy and other related attributes
across various domains. The new conceptual model was
framed on the basis of COVID-19 situation to assess
the efficiency levels with 3 enablers, 11 criteria and 27
attributes (Table 1). The enablers, criteria and attributes
were finalised based on an interview with the experts’
panel. A qualitative data collection was performed to
amass weightage from a panel of five experts from vari-
ous software organisations and ratings were procured
from yet another set comprising five team members,
working under the case project in software organisa-
tion across India. The respondents’ profile is shown
in Table 2. The interview lasted for 30-45 min, and a
brief introduction was given to the respondents on ena-
blers, criteria and attributes. The experts’ opinion was
captured in linguistic variables and was converted into
an equivalent fuzzy scale using Table 3. While allocat-
ing weights, reverse ranking was performed for nega-
tive attributes, as their effect might tend to decrease the
efficiency of software professionals (Table 3).

Here, the efficiency assessment index of software
projects is represented as I. It is the product of overall
assessment level of ratings based on each driver (R) and
the overall weights (W) given by the experts. The equa-
tion for efficiency index is

I=W xR

The assessment scale has been graded into five levels
since every factor involves fuzzy determination. /= (10,
8, 6, 4, 2). 8-10 represents ‘Extremely Efficient, 6-8
represents ‘Highly Efficient, 4—-6 represents ‘Efficient,
2—4 represents ‘Moderately Efficient’ and less than
2 denotes ‘Quite Inefficient. Table 4 lists the assess-
ment model weights and performance rating from the
experts.
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Table 1 Conceptual model for work-from-home for software professionals

Enabler Criteria

Attributes

Work-life balance (O11)

Human perspective (O1)

Health issues (O12)

Time management (O13)

Technical perspective (02) Technical knowledge (021)
Training and development (022)
Network issues (023)

Hardware issues (024)
Management perspective (O3)

Supervisory support (O31)

Colleague support (032)

Rewards and recognition (O33)

Team coordination (034)

Motivation (O111)

Stress (0112)

Self-efficacy (O113)

Readiness to prioritise both work and life (O114)

Ergonomic issues (O121)

Long screen time (0122)

Working hours (O131)

Personal time (0132)

Time lost in transportation (0133)

Software knowledge (0211)

Setting up of VPN and other network-related needs (0212)
Proper training and development (0221)

Knowledge gap (0222)

Unavailability of network at home (0231)

Network speed fluctuations (0232)

Unavailability of required hardware (0241)

Incompatible hardware (0242)

‘Over the shoulder’supervision (0O311)
Supervisor's/Manager’s availability (0312)

Mismatch of intermission period among colleagues (0321)
Spending quality time discussing personal and professional life (0322)
Peer-to-peer relationship (0323)

Opportunities for personal/professional development (0331)
Appreciation and other perks (0332)

Miscommunication among the team members (0341)
Team-building activities (0342)

Feeling of connectedness to the team and organisation (0343)

Table 2 Respondents profile

Respondent No Designation No. of years’ work Location Company
experience

For enabler, criteria and attributes weightage
RS-1 IT analyst 6 Hyderabad, India Multinational company
RS-2 Software engineer 3 Bangalore, India Multinational company
RS-3 Cyber security engineer 5 Kochi, India Multinational company
RS-4 Developer 5 Kolkata, India Multinational company
RS-5 Senior engineer 8 Bangalore, India Multinational company

For attributes rating
E-1 Developer 3 Chennai, India Multinational company
E-2 Developer 5 Chennai, India Multinational company
E-3 Business analyst 8 Chennai, India Multinational company
E-4 Developer 4 Chennai, India Multinational company
E-5 Team lead 10 Chennai, India Multinational company
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Table 3 Rating and weight-scale for work-from-home for software professionals

Sl.no Attributes rating Enabler, Criteria and attributes weightage
For positive attributes For negative attributes
Linguistic variable (O Rating Linguistic variable (O Rating Linguistic variable Weightage
(Fuzzy scale) (Wi / Wyl W)
(Fuzzy scale)
1 Worst 1 Outstanding 1 No importance 1
2 Very very poor 2 Very very good 2 Very less important 2
3 Very poor 3 Very good 3 Less important 3
4 Poor 4 Good 4 Moderate important 4
5 Fair 5 Highly fair 5 Important 5
6 Highly fair 6 Fair 6 Highly important 6
7 Good 7 Poor 7 Very high important 7
8 Very good 8 Very poor 8 Very very high important 8
9 Very very good 9 Very very poor 9 Extremely important 9
10 Outstanding 10 Worst 10 Very extremely important 10
Table 4 Normalised weights and experts’ rating of the case project
o} 0; Ojix E1 E2 E3 E4 E5 w; w; w
01 on om 9 5 4 8 3 0.238462 0343511 0.380952
0112 5 8 1 3 2 0.261538
0113 7 7 4 8 9 0.215385
0114 4 3 2 8 3 0.284615
012 0121 4 3 2 2 1 0.490566 0.343511
0122 5 4 2 2 2 0.509434
013 0131 3 4 4 3 7 0.28 0312977
0132 4 5 8 4 7 0.34
0133 7 9 9 9 5 0.38
02 021 0211 6 7 8 8 6 0544118 0.25 0.309524
0212 6 5 4 2 6 0455882
022 0221 7 5 6 8 9 0.575758 0.261111
0222 6 6 5 3 3 0424242
023 0231 3 4 4 6 4 0.512195 0.261111
0232 3 6 6 2 6 0487805
024 0241 3 1 2 1 8 0.514706 0.227778
0242 3 1 4 7 9 0485294
03 031 0311 5 4 4 8 8 0512195 0.235294 0.309524
0312 7 10 8 9 9 0.487805
032 0321 2 5 4 6 3 0424658 0.247059
0322 3 2 4 1 1 0.287671
0323 5 2 4 3 6 0.287671
033 0331 4 7 9 7 8 0581818 0241176
0332 7 3 4 2 4 0418182
034 0341 5 7 4 3 2 0.233766 0.276471
0342 4 1 2 1 1 0.324675
0343 7 4 8 9 8 0441558
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First-level calculation

The first-level calculation done for ‘Work-life balance
(O11) criterion is given below. Weights concerning to
“Work-life balance’ criterion is W;; =[0.238, 0.261, 0.215,
0.284]

9 5 4 8 3
Ro_ |5 8 1 3 2
n=i1z 7 4 8 9

4 3 2 8 3

“Work-life balance’ calculation Index, I;; = W;; X Ry;
I1 = [6.1, 5.65, 2.65, 6.69, 4.03]

Using similar principle, remaining criterion indices
were obtained as follows:

Ly = [4.51, 3,51, 2, 2, 1.51]
113 = [4.86, 6.24, 7.26, 5.62, 6.24]
= [6, 6.08, 6.18, 5.26, 6]
Iy = [6.57, 542, 5.57, 5.87, 6.45]
Iz = [3, 4.97, 4.97, 4.04, 4.97]
La = [3, 1, 2.97, 3.91, 8.48]
= [5.97, 6.92, 5.95, 8.48, 8.48]
I3 = [3.15, 3.27, 4, 3.69, 3.29]
Is3 = [5.25, 5.32, 6.9, 4.9, 6.33]
I34 = [5.55, 3.72, 5.11, 5, 4.32]

Second-level calculation

The second-level calculation done for ‘Human perspec-
tive (O1)’ enabler is given below. Weights concerning to
‘Human perspective’ enabler is W; =[0.343, 0.343, 0.312]

6.1 565 265 669 4.03
Ry =451 351 2 2 1.51
486 624 726 562 624

‘Human Perspective’ calculation Index, I; = W x R,
I = [5.16, 5.10, 3.87, 4.74, 3.86]

Using similar principle, remaining enabler indices were
obtained as follows:

I, = [4.68, 4.46, 4.97, 4.8, 6.41]
I3 = [4.99, 4.75, 547, 5.48, 5.53]

Third-level calculation

The third-level calculation done for the ‘Efficiency index’
of WFH is given below. Weights concerning the overall
‘efficiency’ are W=[0.381, 0.309, 0.309]
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516 510 3.87 474 3.86
Ry = |[468 446 497 48 641
499 475 547 548 5.53

Overall efficiency calculation Index, /= W x R

I = [4.96, 4.79, 4.70, 4.99, 5.17]
I = (496 4+ 4.79 + 4.70 + 4.99 + 5.17)/5 — 4.92
I =492 € (4, 6) — 'Efficient’

For the respective case project under study, the effi-
ciency index accounts to 4.92, indicative of the fact that
the project employees are ‘efficient! Up next, the IPA
analysis was carried out for classifying the attributes
based on their importance and performance.

Importance—performance analysis (IPA)
Importance—performance analysis (IPA) is widely used
to classify attributes based on weaker attributes (atten-
tion required), good-performance attributes (keep it up),
over-performance attributes (re-allocation of resources
to reduce performance) and low-priority attributes (only
less attention required), etc. It is extensively applied in
manufacturing and service sectors to classify various
attributes or to identify their priority [2, 7, 10, 14, 20,
25]. In IPA, the horizontal axis marks the performance of
attributes and the vertical axis denotes their importance.
In this case project, IPA of mean of x-axis is 4.89 and the
mean of y-axis is 5.72 as per the perpendicular line given
in Fig. 1.

Quadrant I (Weaker attributes): The attributes in this
quadrant need immediate attention by the case project
manager in order to improve the employees’ efficiency.
The attributes are stress, readiness to prioritise work and
life, setting up of VPN and other network-related needs,
unavailability of required hardware or incompatible
hardware, and mismatch of intermission period among
colleagues.

Quadrant IT (Keep up the good work): The attributes in
this quadrant are indeed necessary to keep up the efficacy
of employees. They are motivation, more personal time,
time lost in transportation, software knowledge, proper
training and development, opportunities for personal/
professional development, feeling of connectedness to
the team and organisation.

Quadrant III (Possible overkill): The importance of
these attributes is quite low since the performance rat-
ing is over the top. Those attributes include self-efficacy,
‘Over the shoulder’ supervision, supervisor’s/manager’s
availability.

Quadrant IV (Low priority): The attributes in this
quadrant are of low importance, and requires only lesser
attention. It includes ergonomic issues, long screen time,
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Fig. 1 IPA for efficiency assessment attributes of case project

long working hours, knowledge gap, unavailability of
network at homes, network speed fluctuations, spend-
ing quality time discussing personal and professional life,
peer-to-peer relationship, appreciation and other perks,
miscommunication among the team, and team-building
activities.

Results and discussion

In an effort to measure the efficiency of employees work-
ing from home, the efficiency index was calculated as
4.92, which belongs to the range of (4.01-6) specified as
‘Efficient’ The existing efficiency level requires further
improvement on weaker attributes in order to achieve
the level earmarked as ‘Extremely Efficient. This in turn,
requires a detailed management of actions to be under-
taken to improve the weaker attributes and thereby cer-
tain measures to enhance the efficiency of employees.
According to the current study, the employees’ feels
motivated, enjoys their personal time and are equipped
with proper knowledge about the software that they are
using. They were getting the advantage of time that they
tend to lose early, during their transport between home
and the office. Provisions for proper training and devel-
opment not only helps them to improve and enhance
their efficiency but also provides good opportunities for
their personal and professional development. Though
miles apart, the members would still have the feeling of
connectedness to their team and organisation, keeping

them motivated to work cooperatively to achieve targets
of the company.

The weaker attributes demand proper attention and
strategies to improve them. Measures taken to improve
these attributes not only helps to increase the efficiency
of individual employees but also of the team as a whole.
Engaging in stress-relieving activities, prioritising both
work and life, proper rectification of network/software/
hardware-related issues and coordination among team
members demands major attention in accordance with
IPA analysis performed as a part of this research. Sug-

gestions to improve the weaker attributes are listed in
Table 5.

Practical/Managerial implications
The present study initially identifies the enablers, criteria
and attributes which assists to measure the efficiency and
productivity of employees from various software/Infor-
mation Technology domains of an organisation, work-
ing from home during the COVID-19 period. Responses
from various employees including a panel of experts from
varied projects were recorded based on the attributes
and were taken thereafter for a detailed IPA analysis. The
output of IPA analysis identifies the weaker attributes as
stress, readiness to prioritise both work and life, setting
up of VPN and other network-related needs, unavailabil-
ity of required hardware or incompatible hardware and
mismatch of intermission period among colleagues, etc.
It is necessary for an organisation to take note of these
weaker attributes in order to improve the efficiency of
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Table 5 Identified weaker attributes and decisions suggested for their improvement

Weaker attributes

Suggestions for improvement

Stress

Find a right place at home to work

Take a break in between the working hours
Relaxing in between the working time by listening to songs, doing yoga, ergonomic exercises,

etc.

Organise the way of working
Get support from friends and family

Learn new hobbies
Readiness to prioritise both work and life

Fix proper boundaries while devoting time exclusively for work and personal life

To-do list prioritising tasks to be done

Proper log-in and log-off time (fixed working hours)

Learn to say 'No'to those tasks which you are not ready to take up
Avoid non-value-added activities during the working hours
Support from the co-workers

Setting up of VPN and other network-related needs
are being used

The company has to provide proper network connection devices/reimburse if personal devices

Migrate to a better network service provider
Proper power-backup at home
An alternative should be available in case of unpredicted network issues hampering the work

Unavailability of required hardware

Office/Client laptop is preferred over personal laptops

The company should plan for digital transformation reducing the need for physical hardware like
printers, scanners, etc.

Incompatible hardware

Patching/software updates should be planned as per the availability

The support team should be available as and when it is required to provide a solution
If needed, monitors should be provided so that the employees can avoid stress on eyes by look-
ing into small laptop screens

Mismatch of intermission period among colleagues
in advance

The daily activities/tasks should be planned and communicated among the team members well

Maintenance of proper timetable

The team has to work on the same shift whenever possible

The team members have to be connected to better network in order to avoid non-value-added
activities due to network issues

employees within a team and across teams to guarantee
the achievement of maximum productivity. The sugges-
tions for improvement should be taken into considera-
tion to assist an organisation to achieve its goals through
an efficient work-from-home policy for its employees
during the COVID-19 situation. Both the team members
and the panel of experts should be well-aware of these
attributes which would encourage them to work more
efficiently and effectively. The managers and the organi-
sations must ensure that the stronger attributes and their
related criteria are continuing as the way it is at present.
Hence, with cooperation from the team as well as the
organisation, one can succeed the challenges that hinder
efficiency in a work-from-home model.

Conclusion

The unprecedented COVID-19 situation has forced many
organisations to practise work-from-home policy for
their employees wherever feasible. Through IPA analysis,
the study identifies certain weaker attributes that demand
immediate improvement. The enablers, criteria and
attributes identified were manipulated and were used for
IPA analysis. In order to evaluate the current efficiency

level of employees working in an Information Technology
(software) domain, this study can be considered as a base
for further research on remaining domains as well. The
suggested new approach would definitely improve the
efficiency of employees within a team as well as across
teams and would also help in attaining both personal and
organisational goals. Management should be ready to
accommodate these changes which would further help to
improve the efficiency and in turn, the productivity of the
employees both at team and organisational level.
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Enabler weightage.

Acknowledgements
Not applicable.

Authors’ contributions

SM analysed the data, and KG interpreted the data. All authors had con-
tributed equally in other sections of the manuscript. All authors read and
approved the final manuscript.

Funding
The study received no external funding.



Suresh and Gopakumar Futur Bus J 2021,7(1):10

Availability of data and materials
The datasets used and/or analysed during the current study are presented in
Table 3 of this paper.

Competing interests
The authors declare that they have no competing interests.

Received: 21 August 2020 Accepted: 10 February 2021
Published: 15 March 2021

References

1. Almutairi AM, Salonitis K, Al-Ashaab A (2019) Assessing the leanness of a
supply chain using multi-grade fuzzy logic: a health-care case study. Int J
Lean Six Sigma 10(1):81-105

2. Atalay KD, Atalay B, Isin FB (2019) FIPIA with information entropy: a
new hybrid method to assess airline service quality. J Air Transp Manag
76:67-77

3. BakerE, Avery GC, Crawford JD (2007) Satisfaction and perceived produc-
tivity when professionals work from home. Res Pract Hum Resour Manag
15(1):37-62

4. Brough P, O'Driscoll MP (2010) Organizational interventions for balancing
work and home demands: an overview. Work Stress 24(3):280-297

5. Demerouti E, Bakker AB, Bulters AJ (2004) The loss spiral of work pressure,
work-home interference and exhaustion: reciprocal relations in a three-
wave study. J Vocat Behav 64(1):131-149

6. DeSanctis G (1984) Attitudes toward telecommuting: implications for
work-at-home programs. Inf Manag 7(3):133-139

7. Dickson D, Ford R, Deng WJ (2008) Fuzzy importance-performance
analysis for determining critical service attributes. Int J Serv Ind Manag
19(2):252-270

8. Duxbury LE, Higgins CA, Thomas DR (1996) Work and family environ-
ments and the adoption of computer-supported supplemental work-at-
home. JVocat Behav 49(1):1-23

9. Felstead A, Jewson N, Phizacklea A, Walters S (2002) Opportunities to
work at home in the context of work-life balance. Hum Resour Manag J
12(1):54-76

10. Feng M, Mangan J, Wong C, Xu M, Lalwani C (2014) Investigating the
different approaches to importance—performance analysis. Serv Ind J
34(12):1021-1041

11. Gajendran RS, Harrison DA (2007) The good, the bad, and the unknown
about telecommuting: meta-analysis of psychological mediators and
individual consequences. J Appl Psychol 92(6):1524

12. Ganesh J, Suresh M (2016) Safety practice level assessment using
multigrade fuzzy approach: a case of Indian manufacturing company. In:
2016 IEEE international conference on computational intelligence and
computing research (ICCIC). IEEE, pp 1-5

13. Geurts S, Rutte C, Peeters M (1999) Antecedents and consequences
of work-home interference among medical residents. Soc Sci Med
48(9):1135-1148

14. Hemmington N, Kim PB, Wang C (2018) Benchmarking hotel service qual-
ity using two-dimensional importance-performance benchmark vectors
(IPBV). J Serv Theory Pract 28(1):2-25

15. Hill EJ, Miller BC, Weiner SP, Colihan J (1998) Influences of the virtual office
on aspects of work and work/life balance. Pers Psychol 51(3):667-683

16. Hockey GRJ (1993) Cognitive-energetical control mechanisms in the
management of work demands and psychological health. In: Baddely A,
Weiskrantz L (eds) Attention: selection, awareness, and control. Clarendon
Press, Oxford, pp 328-345

17. Kramer A, Kramer KZ (2020) The potential impact of the Covid-19
pandemic on occupational status, work from home, and occupational
mobility. J Vocat Behav. https://doi.org/10.1016/).jvb.2020.103442

18. LakshmiV, Nigam R, Mishra S (2017) Telecommuting—a key driver to
work-life balance and productivity. IOSR J Bus Manag 19(01):20-23. https
://doi.org/10.9790/487X-1901032023

Page 9 of 9

19. Lakshmi Priyadarsini S, Suresh M (2020) Factors influencing the epide-
miological characteristics of pandemic COVID 19: a TISM approach. Int J
Healthc Manag 13(2):89-98

20. Martin JC, Mendoza C, Roman C (2018) Revising importance-perfor-
mance analysis: a new synthetic service quality indicator applied to the
tourist apartment industry. Tour Anal 23(3):337-350

21. Mishra R, Mishra ON (2018) A hybrid PCA-AHP-multi-grade fuzzy
approach to assess marketing-based flexibility. Mark intell Plan
36(2):213-229

22. Mongey S, Weinberg A (2020) Characteristics of workers in low work-
from-home and high personal-proximity occupations. Becker Friedman
Institute for Economic White Paper, Chicago

23. Olson MH (1989) Work at home for computer professionals: current
attitudes and future prospects. ACM Trans Inf Syst (TOIS) 7(4):317-338

24. SridharanV, Suresh M (2016) Environmental sustainability assessment
using multigrade fuzzy—a case of two Indian colleges. In 2016 IEEE
international conference on computational intelligence and computing
research (ICCIC). IEEE, pp 1-4

25. Tzeng GH, Chang HF (2011) Applying importance-performance analysis
as a service quality measure in food service industry. J Technol Manag
Innov 6(3):106-115

26. Venkatesh A, Vitalari NP (1992) An emerging distributed work arrange-
ment: an investigation of computer-based supplemental work at home.
Manag Sci 38(12):1687-1706

27. Vimal KEK, Vinodh S, Muralidharan R (2015) An approach for evaluation of
process sustainability using multi-grade fuzzy method. Int J Sustain Eng
8(1):40-54

28. Vinodh S (2011) Assessment of sustainability using multi-grade fuzzy
approach. Clean Technol Environ Policy 13(3):509-515

29. Vinodh S, Prasanna M (2011) Evaluation of agility in supply chains using
multi-grade fuzzy approach. Int J Prod Res 49(17):5263-5276

30. Vinodh S, Chintha SK (2011) Leanness assessment using multi-grade
fuzzy approach. Int J Prod Res 49(2):431-445

31. Vinodh S, Devadasan SR, Vasudeva Reddy B, Ravichand K (2010) Agility
index measurement using multi-grade fuzzy approach integrated in a 20
criteria agile model. Int J Prod Res 48(23):7159-7176

32. Vinodh S, Madhyasta UR, Praveen T (2012) Scoring and multi-grade fuzzy
assessment of agility in an Indian electric automotive car manufacturing
organisation. Int J Prod Res 50(3):647-660

M. Suresh is an Associate Professor at Amrita School
of Business, Amrita Vishwa Vidyapeetham, Coimbatore,
India. He holds a Ph.D. in Project Management from
Indian Institute of Technology, Bombay, India, and Mas-
ter’s in Industrial Engineering from PSG College of Tech-
nology, Coimbatore, India. His research interests include
issues related to lean and agile operations and perfor-
mance management. He has authored several papers in
Operations Management and currently working on lean
and agile Healthcare Operations Management. He is also
a member of International Society on Multiple Criteria
Decision Making.

Kavya Gopakumar is a MBA student at Amrita
School of Business, Amrita Vishwa Vidyapeetham, Coim-
batore, India. Her field of study is Service operations
management. Her research interests include work sys-
tems, ecommerce supply chain and sustainability.


https://doi.org/10.1016/j.jvb.2020.103442
https://doi.org/10.9790/487X-1901032023
https://doi.org/10.9790/487X-1901032023

	Multi-grade fuzzy assessment framework for software professionals in work-from-home mode during and post-COVID-19 era
	Abstract 
	Introduction
	Literature review
	Methods
	Case organisation
	Multi-grade fuzzy
	First-level calculation
	Second-level calculation
	Third-level calculation

	Importance–performance analysis (IPA)

	Results and discussion
	PracticalManagerial implications
	Conclusion
	Acknowledgements
	References




