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Abstract—Bring-Your-Own-Device (BYOD) is a phenomenon whereby an 
employee brings their own computing devices to work with them and use them 
in addition to or instead of company-supplied devices. BYOD helps organiza-
tion to cut cost and improve the utilization of organizational resources. Howev-
er, the impacts and phenomenon of BYOD is still unknown and scarcely discuss 
within the body of knowledge; warrant for further exploration of the topic. 
Therefore, the purpose of this paper is to develop and validate an instrument to 
measure BYOD and its productivity. The research went through various empiri-
cal stages and content validity assessment. Based on other studies, a list of pre-
dictors and dependent variables was adopted. Based on the variables that have 
been identified, a pilot instrument was created in the second step. Third, an ex-
pert review process was used to validate the instrument. The face validity and 
reliability investigation of possible respondents was completed. As a result, a 
reliable instrument with six variables and thirty items was created to measures 
BYOD and productivity in the context of universities students in Malaysia.  

Keywords—bring your own device, BYOD, devices, productivity, education, 
organizational 

1 Introduction 

Technological advancements have greatly shaped people nowadays because they 
are grown up with constant access to technology. They spend more time on technical 
tools, using digital technology, and using social media. The evolving patterns of user 
behaviour in the workplace demonstrate that everything they do requires technology 
to complete. Fast and latest technology are the most preferred devices that most of 
employees and student used in their business. Lots of devices nowadays make people 
easier in doing their task without using company or organization devices. People are 
starting to rely more and more on mobile devices for both their personal and profes-
sional electronic lives because of technological development. Due to the nature of 
mobile devices, students can use their mobile phones whenever and whenever they 

iJIM ‒ Vol. 17, No. 11, 2023 83

https://doi.org/10.3991/ijim.v17i11.38139
mailto:amira1220@uitm.edu.my


Paper—“Bring-Your-Own-Device” (BYOD) and Productivity: Instrument Development and Validation 

want, including outside of class. This translates into education as they also offer fresh 
chances for teaching methods [1]. Many people have at least two, each with unique 
settings, passwords, and data. They are combining all these features into one 
smartphone and using it for both personal and professional use. In addition to being 
practical, this integration has the potential to boost productivity, job satisfaction, and 
flexibility [2]. 

Mobile and non-mobile digital devices are becoming more widely accessible on a 
large scale, increasing the opportunities for interpersonal communication, and estab-
lishing new "life" for it [3]. The so-called Bring-Your-Own-Device (BYOD) concept 
is present in this environment. BYOD can be defined as employees that bring their 
own computing devices to work with them and use them in addition to or instead of 
company-supplied devices, such as cell phones, laptops, and tablet PCs [4]. Over the 
last years, the smart-phones, and mobile computers have changed the way we live and 
work besides. The way that technology is used to support learning also has changed 
significantly [5]. Mobile devices are used for more than only personal activities like 
social media and online shopping because to their portability and the wide availability 
of Internet connection offered by telecommunications providers. They are also some-
times used for work-related tasks. The circumstance has caused BYOD to become 
popular. 

Covid-19 virus have changed the normal practice where people move from face-to-
face to digital. Besides that, lack of funding prevented many businesses and educa-
tional institutions from preserving, sustaining, or enhancing their current IT infra-
structure and investments. BYOD enables employees to use their privately-owned 
devices for business purposes. This was a tactic to reduce technological costs due to 
the financial crisis and increase worker productivity [6]. Additionally, employees 
want to use the same devices in a corporate environment as they use in their private 
lives [7]. One of the major benefits of BYOD is mobility where employees where 
they are willing to bring these gadgets into their professional realms to complete cor-
porate tasks. BYOD also is an IT department-supervised policy that allows employees 
to use their own IT devices for work-related tasks [8]. Despite the changing nature of 
the job where employees get freedom of using their own devices and more flexible to 
do their work will increase productivity of the organizations [3].  

The measurement of BYOD and productivity is quite challenging due to security 
issue. Therefore, the objective of this research is to develop and validate instrument 
measuring BYOD and productivity. The paper is as follows: first, we discuss the 
foundation of BYOD from different perspective. Next, the methodology and findings 
were presented. Lastly, the discussion and future research foundation is highlighted. 

2 Literature review 

2.1 BYOD in the organizational context 

In the past, organizations have had control over the IT equipment used by staff 
members in the workplace. Due to the widespread use of mobile devices and the sharp 
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decline in the cost of mobile network services, this has shifted in many organizations. 
The concept of allowing employees and other users to access the corporate network 
using a variety of personal devices is known as BYOD, and it has become very popu-
lar in businesses, hospitals, and colleges BYOD is popular because it allows employ-
ees to be as productive as possible while still being convenient and simple to use for 
businesses [9].  

BYOD in the organizational context permitted employees to view company data 
using their own personal devices. They also employ these private gadgets for their 
own private interests. Employee productivity and happiness can increase because of a 
successful BYOD [10]. Employees of firms should benefit from increased data avail-
ability, accessibility, and mobility because of the rapid development of information 
technology while also saving money. The ability to access work from anywhere is 
made possible by mobile devices like smartphones and tablets for employees. 

Many businesses are implementing the BYOD strategy because they understand 
that their staff members have become adapted to utilising mobile devices for com-
municating with one another, interacting with others, and increasingly using their 
mobile devices for work-related activities. In a recent survey as stated in [11], where 
300 IT directors participated, and 88% of them said that having a BYOD policy at a 
firm boosts staff morale. Besides that, mobility is one of the reasons why employees 
more prefer to bring their own gadget. Modern knowledge workers are frequently 
required to be mobile, which is defined as working outside of a traditional office envi-
ronment or fixed location where they are adopting mobility into their daily operations. 
Being mobile worker, it increased productivity in organization because worker can 
access information at any time anywhere [12].  

Millions of workers have changed their working habits from being physically pre-
sent in the office to adopting Work from Home (WFH) practices because of the 
COVID-19 pandemic. When employees' rights regarding working hours and privacy 
are violated, BYOD has unfortunately demonstrated its prejudice against the employ-
ees [13]. Due to the rapid rise of information technology, organisations are attempting 
to increase the availability and flow of data while incurring the least amount of ex-
pense [11]. Even though many businesses are aware of the benefits of technologies 
like portable laptops, many of these tools are still unwelcome because of control and 
data security concerns.  

BYOD has a substantial strong connection with perceived workload, perceived job 
autonomy, and technology self-efficacy, while perceived workload positively pre-
cedes perceived job autonomy [14]. BYOD is a rapidly evolving challenge to organi-
zations and information technology (IT) cultures. Instead of having all computing 
devices supplied by the employers, employees are bringing their own smartphones, 
tablets, and laptops into the work environment. As people are more encouraged to use 
their personal gadgets in their work realms, the demand for using privately owned 
technologies in their corporate environment is anticipated to increase [15]. 
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2.2 BYOD in education 

Digital technologies and cellphones are commonly and widely used in an educa-
tional setting today and it has become an integral part of school life and culture [16]. 
This results in schools are facing a paradigm shift with 21st- century developments in 
learning [17, 18]. Bring- your- own- device or BYOD becomes one of learning plat-
forms in education that shows that digital technology is strongly established in educa-
tional programmes [16]. This scenario will bring many positive benefits and it can 
give positive impacts to not only students but also educators by optimizing the usage 
of digital technology.  

BYOD is an ICT mediated model of mobile learning which it encourages students 
to bring their personal devices such as laptops and mobile phones with various in-
stalled applications to school that will be used in teaching and learning processes [19, 
20]. These recent years, the BYOD concept has become a phenomenon where people 
are comfortable in using their own personal devices as they are able to use them eve-
rywhere and anytime. This can help them to manage their work more easily and it can 
increase their productivity. The previous survey shows the wider acceptance of 
BYOD concept in the educational institution as most of students have their own per-
sonal devices such as laptops and mobile phone [21].  

Education is one of the industries that are quickly adopting BYOD compared to the 
others. In higher institutions, BYOD concept had widely used, and it has become new 
innovative spaces that are designed for online learning and collaboration [22]. The 
demand for digital information distribution has grown as a result of the development 
of information and communication technology (ICT) [23]. The BYOD has proved to 
be one of the successful and relevant technologies to be used in education [24]. The 
implementation of BYOD in education had given big impact in the changing of peda-
gogy where educators and students can access the information sources immediately 
when needed [25]. Hence, BYOD also may help students in doing their assignments 
during class time since they have their tablets and laptops with them [26, 27]. 

Research that was conducted in [28] found that BYOD had given positive influ-
ence on learning and academic achievements of students and BYOD also give impact 
in stimulating and motivating students that will affect the level of students’ perfor-
mances and creation of independent learning. E-learning users believe that high-
quality educational services are acceptable, and that a secure atmosphere for these 
systems might help them feel more useful [29].  

In previous study conducted by [30] also found that BYOD had positive impact to 
students on few aspects in academic achievements which are improve their test scores 
and quality of their project work, strengthening students’ collaboration, communica-
tion, and research skills, increase students’ interest, motivation, and involvement in 
their own learning and growth, and their satisfaction with the course and increase 
students’ final grades. On the other hand, previous studies also confirmed the im-
portance of digital interaction and mobile application usage especially in the Europe-
an context [31-36]. 
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2.3 BYOD and productivity 

Definition of productivity. The term productivity can be simply defined as the 
rate at which a worker, a company, or a country produces goods, as well as the 
amount produced in comparison to the amount of time, work, and money required to 
produce them [37-39]. All organisational resources must be introduced into the pro-
cess in such a way that value is created. Management strives to maximise the value of 
the resources used, and their efficiencies are measured by how much they are success-
ful in adding value to these resources [40]. 

A few previous studies have defined productivity in education as enrollments, 
credit hours, or degrees, as well as graduation rates and time to graduation, credit 
hours per faculty member, cost per credit hour, and even "profitability" per faculty 
member. It was said that there was little agreement on how to develop "strong quanti-
fiable measures of either output or productivity" in the education sector [37, 41]. 

Many researchers on BYOD, either in general organisational aspects or focusing 
on the educational sector, have linked the cost-saving benefits of BYOD implementa-
tion with the employee’s or educational institution's members' productivity and satis-
faction [21, 42, 43]. 

BYOD and productivity. BYOD adoption in organisations has increased in recent 
years, with the goal of improving organisational cost savings, employee job satisfac-
tion, and employee productivity in both government and private institutions [44, 45]. 
Many organisations opted for BYOD when they believed that the policy and practice 
could enhance their employees’ productivity due to its flexibility, mobility, and con-
venience reasons [46, 47]. 

One of the elements that are considered to illustrate productivity in organisations in 
general is that BYOD is allowing employees better access to the files and pro-
grammes they need to be productive even while away from the office using their pre-
ferred devices. Employees can access their papers wherever they are, and they can 
complete real work while on the road, not just whenever they are in the office. They 
can also have access to their business contacts, messages, emails, and documents with 
their own personal devices. BYOD has become a productive activity for employees in 
organisations due to the contribution of improved cloud services and robust collabora-
tion and productivity features that come with modern smartphones and other mobile 
devices [3, 48, 49]. 

BYOD allows employees to connect with one another, resulting in a more connect-
ed mobile workforce and, as a result, increased employee productivity. Due to the 
increased employee availability and connectivity, tasks will be completed considera-
bly more quickly, especially group-based projects or tasks. As a result, BYOD may 
become the magical solution for increasing productivity, particularly in roles and 
activities where mobility is a strong enabler for the adoption of new business models 
[48, 50].  

Employees' productivity also is dictated by the convenience of using their own de-
vices for personal use and work activities. Employees feel more productive when they 
use their own high-quality personal devices under the BYOD policy compared to the 
institutionally provided devices. They can access all their own personal data and work 
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from a single device at any time and from any location. This reduces the amount of 
time required to complete tasks, increasing flexibility and productivity [3, 48, 49, 51].  

BYOD and productivity in education. BYOD (bring your own device) is a prac-
tise that can help with teaching and learning and is becoming more popular in the 
educational sector [43, 52]. Research findings on the productivity effect of BYOD in 
educational institutions revealed that the BYOD intervention had a statistically signif-
icant positive effect on students' learning and achievement, as measured by increases 
in test scores, project quality, and final grades, as well as increased students' motiva-
tion, attitudes, and involvement in the course [30, 43, 53]. 

Students are happy to use their own devices for any activities inside the classroom 
and are willing to share their devices with their friends for learning purposes, which 
are elements that are considered to show productivity once the BYOD policy is im-
plemented in the educational sector. This will motivate them to take part more active-
ly in the learning activities [53]. BYOD can make one-on-one learning more afforda-
ble and accessible to students whose familiarity and proficiency with the devices can 
help them become more self-directed learners [43]. 

The BYOD policy enables the students to interact with their friends and lecturers 
outside of formal class hours in a more convenient manner, free of space and time 
limitations. Students can potentially connect to friends and resources at any time and 
from any location using their own personal devices rather than those borrowed from 
the school for a limited time. They may also feel more ownership of their learning and 
the technology required for learning, creating e-learning independence among stu-
dents [43]. Students can also easily access the educational online resources provided 
and subscribed to by the institutions in a more flexible manner using their own gadg-
ets [54]. 

BYOD also allows for the smooth progression of work conduct and activities in 
academia. A good example is that most academic staff have laptop computers and 
projectors that they use for teaching and research. Some personal devices are modern 
and of high quality, allowing them to operate more efficiently and effectively [51]. 

3 Methodology 

The study's methodology was based on and adapted from the prior work of [55]. 
Figure 1 displays the overall procedure and the following subtopic. The first stage is 
to determine the topic's predictors and impacts (for example, BYOD, productivity, 
etc.). Following that, the instrument was created by incorporating the previous re-
search findings. 
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Fig. 1. Research methodology 

3.1 Identifying predictors and impacts 

A Systematic Literature Review (SLR) technique was used to discover the topic's 
predictors and impacts. The SLR concept was derived from the work of [56, 57]. The 
SLR employs the following procedure: (1) SLR begins with a prominent journal, (2) 
conducts a backward search for relevant publications, and (3) conducts a forward 
search to consider citing publications. The terms used for searching are such as (1) 
BYOD, (2) productivity, (3) mobile device adoption, (4) personal devices, and (5) 
organizational policy. Literature was gathered from a variety of renowned internet 
databases, including Scopus, IEEE Explore, ProQuest, and Emerald. Journal Europe-
an Journal of Information Systems, Journal of Academic Librarianship, Aslib Journal 
of Information Management, Scientific Data, Journal of Librarianship and Infor-
mation Science, International Journal of Information Management, Information Sys-
tem Research, and other leading relevant journals are also included. 

We uploaded the findings of the systematic literature searches into EndNote to lead 
the systematic literature searches, and further analysis was performed to remove irrel-
evant literature and duplicate results. A total of 150 papers were identified as poten-
tially useful for further investigation. We assess the literature by skimming the papers 
and paying close attention to the abstract and conclusion. As a result, the following 
six factors were chosen: (1) technological readiness (2) individual readiness, (3) con-
textual readiness, (4) organizational readiness, (5) intention to adopt BYOD and (6) 
productivity.  

3.2 Development of instruments 

The instrument was developed by adopting and adapting to the previous instru-
ments, as shown in Table 1. 

 

Identifying 
Predictors and 

Impacts

Development of 
Instruments

Expert Reviews

Content Validity
Face Validity and 

Reliability 
Analysis
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Table 1.  Instrument development 

Variable Number of Item Source 
Technological  
Readiness 5 

- 
Individual Readiness 5 
Contextual Readiness 5 
Organisational  
Readiness 5 

Intention to Adopt BYOD 5 [29, 58, 59] 
Productivity 5 [60-62] 

 
The development of the instrument follows two stages process that include (1) the 

building of the structure and content of instrument, and (2) the scaling of the instru-
ment [63, 64]. Both processes must work concurrently in order to produce a good 
quality instrument. In general, there are four important sections of the instrument. The 
first main section includes ethical statement and potential impacts of the question 
towards the well-being of the respondents. The second section is used to gather de-
mographic information of the respondents. Then, the subsequent section was used to 
gather responses based on each variable and determinants. 

3.3 Expert review  

The purpose of experts’ review is twofold; first, to determine the suitability of the 
variables selected for the study. Second, to ensure that the items selected does meas-
ure the variables selected. To guide the expert reviewing process, an expert review 
form was developed. The experts were expected to validate the instrument based on 
their vast knowledge on the subject matter.   

3.4 Face validity and reliability analysis 

Next, face validity was conducted with proposed respondents – undergraduate stu-
dents. The purpose of face validity is to ensure that the items does measure the actual 
purpose of the research. Face validity allows the project team to improve the efficien-
cy and effectiveness of the instrument, as well as increasing the probability of increas-
ing the response rate among the targeted respondents by matching the instrument 
towards their preferences and interest. Then, reliability analysis was conducted to 
determine the reliability of the instrument, prior to adjustment and improvement as 
suggested by the expert review process and face validity process.   

4 Result and discussion 

The following subsection discuss the result of the study, in term of expert charac-
teristic, content validity, face validity, reliability analysis, final instruments. 
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4.1 Experts review demographic 

Table 2 shows the demographic profiles of the expert reviewer. In total, there are 
five experts involved in the validation of the instrument. All the experts possess a 
minimum of doctorate qualification in the field of information management, record 
management, and policy studies. All experts also have more than 10 years’ experience 
in academic and as a practitioner. The selected experts also active in publishing re-
search work in their relevant field of study. The experts were given two weeks to 
complete the assessment of the instrument by completing the expert review form in 
relation of content clarity and content relevance, following the work of [65]. 

Table 2.  Demographic profiles of experts 

# Academic  
Qualification Position Academic and Practitioner  

Experience 
1. PhD Senior Lecturer > 10 years 
2. PhD Senior Lecturer > 10 years 
3. PhD Senior Lecturer > 10 years 
4. PhD Senior Lecturer > 10 years 
5. PhD Senior Lecturer > 10 years 

4.2 Content validity index (CV-i) 

To assess Content Validity Index, this study adopted the work in [65]. The follow-
ing Table 3 shows the result of Content Validity Assessment based on content clarity 
and content relevance. For content clarity, the mean i-CVI is 0.95, S-CVI/UA is 0.76, 
while the mean expert proportion is 0.95, indicating a strong content clarity assess-
ment. Similarly, the assessment of content relevance also producing a mean i-CVI of 
0.95, S-CVI/UA of 0.76, and mean expert proportion of 0.95, indicating a strong 
content relevance assessment. 

Table 3.  Content validity index 

Item Content Clarity Content Relevance 
Mean I-CVI 0.95 0.95 
S-CVI/ UA 0.76 0.76 
Mean Expert Proportion 0.95 0.95 

4.3 Face validity 

The face validity was performed to further validate the instrument. The face validi-
ty is conducted by the prospective respondent of the study. A total of 10 bachelor’s 
degree students from one of the public universities in Kelantan were selected for the 
face validity assessment and this respondent will be excluded from the actual data 
collection process. Based on the face validity process, no further recommendation was 
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received as all respondents agreed that the questionnaire is understandable and easy to 
relate to their knowledge and understanding. 

4.4 Reliability analysis 

Following the process of content validity and face validity, adjustment and modifi-
cation were made to the instrument as suggested by the experts. Then, we conducted a 
pilot study to determine the reliability of the instrument. An invitation for pilot study 
was sent to 60 students selected from one of the faculty in Universiti Teknologi MA-
RA Kelantan Branch, Malaysia; in which 40 responses were received; indicating a 
response rate of 67%. The responses were imported into Statistical Package for Social 
Sciences (SPSS) version 26 for further analysis. Cronbach’s Alpha coefficient was 
used to determine the reliability of the instrument. The following Table 4 shows the 
result of the Cronbach’s Alpha coefficient. The finding shows a value between 0.876 
to 0.966, indicating an acceptable value of more than 0.7 as suggested by [66]. 

Table 4.  Reliability analysis 

Variable Item Cronbach Alpha 
Technological Readiness (TRE) 5 0.876 
Individual Readiness (IRE) 5 0.905 
Contextual Readiness (CRE) 5 0.917 
Organisational Readiness (ORE) 5 0.966 
Intention to Adopt BYOD (IAB) 5 0.946 
Productivity (PRO) 5 0.881 

4.5 Final instrument 

Following the completion of validity and reliability assessment, no further changes 
are to be made to the final set of items. The following Table 5 shows the final instru-
ment measuring BYOD and productivity in the context of students from Malaysia 
local universities. 

Table 5.  Final instrument 

Variable Item Code Item 

Technological 
Readiness (TRE) 

TRE1 I have adequate device(s) to support my learning process. 
TRE2 I have access to good Internet connection. 

TRE3 I can perform my work using computer or other devices without 
sharing with others. 

TRE4 I am able to install latest application on my device (s). 

TRE5 I am able to updates my software to the latest version provided by 
the software developers. 

Individual Readiness 
(IRE) 

IRE1 I have a positive perception on BYOD concept and adoption 
IRE2 I have relevant knowledge on the concept of BYOD 
IRE3 I have adequate skills to implement BYOD concept 
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Variable Item Code Item 
IRE4 I have the ability to adopt BYOD concept 

IRE5 I consider BYOD as an important approach in supporting my 
institution vision and mission 

Contextual Readi-
ness (CRE) 

CRE1 My lecturers encourage me to bring my own device to the class 
CRE2 My friends encourage me to bring my own device to the class 
CRE3 My family encourage me to bring my own device to the class 

CRE4 The subject that I am enrol for the current semester require me to 
bring my own device to the class. 

CRE5 The faculty that I am currently enrol require me to bring my own 
device to the class. 

Organisational 
Readiness (ORE) 

ORE1 My institution provides necessary knowledge on the BYOD 
implementation 

ORE2 My institution provides adequate standard operating procedure 
(SOP) on BYOD implementation 

ORE3 My institution provides technical support in the implementation of 
BYOD 

ORE4 My institution encourages me to implement the concept of BYOD 
ORE5 My institution motivates me to implement the concept of BYOD 

Intention to Adopt 
BYOD (IAB) 

IAB1 I plan to adopt BYOD concept in supporting my learning process. 
IAB2 Adopting BYOD enables my institution to cut operational cost 
IAB3 I intent to adopt BYOD to complete my academic assignment 
IAB4 I predict that I would continue to adopt BYOD 
IAB5 I intend to adopt BYOD to improve my performance 

Productivity (PRO) 

PRO1 I am satisfied with the quality of my academic assignment 

PRO2 I am satisfied with the quantity of the academic assignment that I 
have produced 

PRO3 BYOD enables me to complete my academic assignment quickly 
PRO4 BYOD enabled me to quickly obtained the information that I seek 
PRO5 Overall, BYOD increased my productivity 

5 Discussion  

Studies on BYOD have increased and are getting more attention today. The use of 
mobile devices is becoming widespread in today’s environment and with the influ-
ence of portable computing in the hands of everyone and anyone, the use of mobile 
devices in education should be considered [67]. Tools, services, and roles of ICT had 
become the highlights in modern trends in education which it takes part in students’ 
achievements of education targets as well as improvement in their learning experience 
[68, 69].  

The present study is conducted to develop and validate instruments for measuring 
the level of BYOD in an organization. There are six variable that were identified, 
which are which are technological readiness, individual readiness, contextual readi-
ness, organizational readiness, intention to adopt BYOD, and productivity. The in-
struments can be used to predict the performance of individuals based on their interac-
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tion using BYOD. A series of steps were conducted which are instrument develop-
ment, experts review, face validity, pilot study, and reliability analysis. Then, data 
collection will be conducted for further validation of the instruments. The expected 
audiences of this study are academicians, students, practitioners, and industry. Acad-
emicians can help to extend the research model by including other variables. Students 
can help in re-evaluating and replicating the research model in a different context. On 
the other hand, practitioners can use the finding to improve service delivery while 
organization or industry can help to determine and decide on BYOD implementation 
or strategy. This instrument can also be used to extend the conceptual model as well 
as expand research in BYOD. 

6 Conclusion 

The present study was conducted to develop and validate a valid instrument for 
measuring the interrelationship between intention to adopt BYOD, productivity and 
its antecedents. There are six variables that were identified, which are technological 
readiness, individual readiness, contextual readiness, organizational readiness, the 
intention to adopt BYOD, and productivity. A series of steps were conducted; identi-
fication of the topic's predictors and impacts by applying the systematic literature 
review technique, instrument development, expert review, content validity, face valid-
ity, a pilot study, and reliability analysis. It can be concluded that the final instrument, 
consisting of 30 items, is sufficient to be used in a research project related to BYOD 
and productivity in an organization. The expected respondents to the future study are 
academicians, students, practitioners, and industry. The primary limitation of this 
study is the generalizability of its results. All respondents were drawn from the same 
department at a single university. We propose that future studies include participants 
among academicians and students from various faculties and universities, as well as 
those from industry. Another limitation is that we only focused on the BYOD and 
productivity aspects. Future studies could include other aspects of BYOD such as the 
technological and security aspects, as well as the cost factor. 
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