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Abstract
Objectives: The study aims to examine the factors and context that encourage the adoption of e-commerce among selected 
Canadian companies. Methods: The study employed Benaroch use of real-option theory in assessing risk factors from 811 
Canadian companies. Furthermore, the NEBIC model was used to analyse firms’ capacity in managing e-commerce. Data 
were analysed using maximum likelihood estimation, correlation matrix, and t-test of means equality. Findings: The study 
arrived at the following conclusion on the basis of the results obtained: technology-competent employees, competitive 
industry, and high variability of consumer sales positively correlate with the decision to use e-commerce. Applications: 
The study also found the agility of the firm to work on e-commerce positively correlates with e-commerce usage. Agility is 
attained by intensive e-commerce technology in-house training, encouraging its customers to use its e-commerce facility, 
and promoting e-commerce among other members of the industry.

1. Introduction
E-commerce has been considered a key strategy for 
many companies. Since the advent of the Internet, many 
companies have tried to use this channel to boost sales. 
There are a few success stories, but due to the low entry 
cost, even though many have tried using it to boost sales, 
their sales volume through the Internet has not been 
substantial.1–3

In this study, the real-option approach, together 
with other statistical techniques, was used to explain 
why a business would consider e-commerce. This study 
contributes to the literature by using real-option theory 

as a method of dealing with uncertainties associated with 
investments.

Further, using appropriate statistical techniques this 
study also dissected the risks involved in e-commerce 
adoption. Due to their quantitative orientation, the 
techniques utilized in the present study pointed to the 
direction in which a certain variable favoured the decision 
to adopt e-commerce.

Moreover, this study starts with presenting the 
theoretical background of the real-option theory, 
followed by4 a discussion on the features of Information 
Technology Risk Management. This discussion proceeds 
to present three hypotheses. These hypotheses were 
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then analysed based on the data presented, one from 
innovation in e-business models,5,6 and the other from 
Statistics Canada. Subsequently, this article presents an 
interpretation and discussion of the study findings.

2. Theoretical Background
The literature shows that there are two major reasons 
for adopting e-commerce: in-house organizational 
competency, and business environment and product 
characteristics.

E-commerce adoption refers to the conduct of business 
transactions, maintenance of business relationships, and 
sharing of information with the public. This managerial 
decision would mean time and space barriers are removed, 
bringing in substantial benefit to the business. Not only 
does it extend the conduct of business operations to a 24 
X 7 schedule but also projects its availability to the global 
audience 24 X 7 throughout the year.7,8

Different works have considered various factors 
affecting the consideration of e-commerce. These factors 
are as follows: features of the enterprise’s product,9,10 
shortcoming of the enterprise’s e-commerce systems and 
facilities11; current business model’s inertia12; costs related 
to online sales13,14; and risks and threats.12,15

On the other hand, there are various papers that 
discussed factors internal to the firms. These factors 
include insufficient support of management16,17 and the 
general lack of or inadequate know-how of staff about 
information technology.17

The TOE (Technology, Organization, and 
Environment) Framework suggests that the development 
of technology, organizational conditions, and industry 
environment18,19 drives the adoption of e-commerce.

The decision to go on-line involves a lot of changes 
within the firm and some investments in real assets. To 
assess this type of a decision, we adopted in this study the 
real-option framework. In20 it was noted that “real-options 
investments are characterized by sequential, irreversible 
investments made under conditions of uncertainty.”20

Various papers have applied the real-option framework 
in different types of financial capital decisions in various 
industrial situations.21–26 The framework offers analytical 
tools to value alternatives that arise from considering 
various investment decisions, such as a decision to initiate 
a project now or later; decision to expand the business 
operation, or decision to abandon the whole or part of 
business operations. In addition to these is the option 

to learn.27 The “learning” option is synonymous with 
the option to defer or wait, except that in this case, the 
firm emerges wiser and ready to tackle the issue from a 
different angle.

The key assumption of real-option framework is the 
irreversibility of investment; that is, once the firm has 
invested a specific amount, the investors never recover 
the original amount in whole. Expanding on this idea, as 
the firm adopts e-commerce, the organization changes 
its operational behavior. As new employees are hired to 
help in this new mode of doing business, the culture of 
the organization shifts as well. Besides, new technology, 
in the form of computers and software, is brought in. A 
decision, therefore, to revert, such as to let go of the hired 
employees or sell all the technology acquired as part of 
this project, will not allow the firm to recover its initial 
investment. In other words, the adoption of e-commerce 
can be treated as an irreversible investment.28

In29 it was noted that under a higher-level irreversibility 
of assets, there is a negative relationship between 
uncertainty and investments. Essentially, the presence of 
irreversibility and uncertainty tends to dampen the value 
of assets. Such irreversibility and uncertainty are brought 
about by the absence of an appropriate second-hand 
market. Part of the elements of the real-option framework 
includes the engagement of flexibility-attaining activities 
to maintain or enhance the recovery sale value.

In discussing this investment decision, we invoke4’s 
use of real-option theory on information technology 
investments. In4 it was stipulated that to consider the 
investment in information technology, the firm has to 
consider three types of risks: firm-specific risks (threats 
related to the firm), competition risks (threats coming 
from rival firms), and market risks (threats related to 
consumer demand). These firm-specific risks refer to 
the chances that the in-house competence to manage 
e-commerce related technology would not be developed 
adequately. Moreover, the competition risks refer to the 
firm’s inability to protect its market. This situation allows 
the competition to snatch the market opportunity. Finally, 
the market risks refer to the chances that the customer’s 
demands for services or product generated from the 
target investment would diminish.25,26,30

3. Research Model
Pursuing this point,4 the following equation is suggested 
as a basis in considering the decision to invest. 
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∏˚ = E(NPVonline) – E(NPVoffline) – I > 0 (1)

The E(NPVonline) refers to the expected value of 
the business if a firm adopts e-commerce, while the 
E(NPVoffline) refers to the expected value of the business 
if the firm ignores e-commerce. Therefore, the difference 
in the online–offline equation is what makes it attractive 
to most decision-makers.

However, central to the issue of real-option theory 
is the concept of risks, and how we concretize this risk 
variable. In focusing the analysis on risk factors, the firm 
might be able to seize upside opportunities and reduce 
downside risks.31 The variable I in equation 1 represents 
uncertainties inherent in many investment decisions.

The value of variable I refer to the idea of waiting 
for some information or the cost associated with “bad 
events.” Alternatively, it is the value of the risk of failures. 
The variable I can be a function of three variables: failed 
internal capability, situated with a strong competitor, and 
faded market demand. 

In this study, we present the following discussion that 
would lead to the following hypotheses.

We have observed that firms with higher internal 
capabilities do not wait for additional information. In 
other domains, like that of,32 it has been noted that 
farmers having better information about farming do not 
wait; rather, they adopt new farming techniques. Hence, 
we assert the following hypothesis:

H1: Firms whose staff can manage technology are 
more likely to employ e-commerce.

Moreover, we noted that firms doing business in a 
tighter competitive environment tend to adopt newer 
technology. In33 it was noted that for a firm surrounded 
by a large set of players, the variability in the competition 
has little impact on the option to wait. Furthermore,3,6 
showed that firms in an industry that conducts business 
over the Internet have a higher tendency to employ 
e-commerce. Hence, we present the following hypothesis:

H2: Firms operating in an area with more competitive 
companies are more likely to adopt e-commerce.

Finally, we note from the literature that firms operating 
in high-demand and uncertain environment tend to delay 
the adoption of newer technologies. Intuitively, this is a 
“play-safe” attitude of many business owners, who wait 
for the storm to subside before taking a decision to invest 
further. Hence, we propose the following hypothesis:

H3: Firms experiencing a high variability in their 
demand are less likely to adopt e-commerce.

These three hypotheses assert that the value of variable 
I in equation 1 decrease as internal capabilities increase, 
just as the value of variable I decreases as the size of 
competition increases. Similarly, the value of variable 
I increases as the uncertainties of demand increase. 
Furthermore, as the value of variable I in equation 
1 increases, the firm tends to ignore e-commerce. 
Alternatively, as the value of I decreases, the firm tends to 
adopt e-commerce.

The following equations embody the tendency to 
employ or ignore e-commerce:

 Pr[∏˚ > 0] = Pr[Xi * βx + Zi * βz + εi > 0] (2)

 =Pr[εi >− (Xi * βx + Zi * βz)] (3)

 =Φ(Xi * βx + Zi * βz) (4)

To estimate the parameters of equation 1, we use the 
reduced form of equation 2, which is equation 4,

where
Xi is a set of variables affecting the net present value of 

the investment and
Zi is a set of variables representing the three risk 

categories.
Then, working on equation 4, we form the following 

Maximum Likelihood Equation to determine those drivers 
that enhance the firm’s likelihood to adopt e-commerce 
and those that push the firm to ignore e-commerce. We 
now present the following likelihood equation:

Li = Ai * log(Φ(Xi * βx + Zi * βz)) + (1 – Ai) *  
(log( 1 – Φ( Xi * βx + Zi * βz)) (5)

where
Li is the likelihood that the firm will adopt e-commerce;
Ai is equal to 1 if the specific firm adopts e-commerce, 

0 otherwise;
Xi’s are the explanatory variables influencing the net 

present value of the investment;
βx are pseudo-multipliers that drive the firm to adopt 

e-commerce;
Zi’s are the substitute variables of the three risk 

categories; and
βz are the pseudo-multipliers that drive the firm to 

adopt e-commerce.
Equation 5 now drives the analysis of the data and its 

subsequent calculations. The objective is now to work 
towards the estimation of the parameters Bx and Bz.
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4. Data Description
We present here the data used for measuring the in-house 
competency as well as those of the competition and 
demand variability.

4.1. Derivation of In-house Competency 
Based on the NEBIC Model
The data supporting the findings of this study are derived 
from secondary data. The data were derived from a 
2011 survey of the in-house competencies of Canadian 
companies. The in-house competencies were measured 
using the Net-Enabled Business Innovation Cycle 
(NEBIC) constructs.5,34 The NEBIC model assesses the 
in-house competency of the firm to leverage technology 
based on (a) its capability to choose technology, (b) its 
capability to match the technology with relevant business 
applications, and (3) its capability to operate and manage 
the technology.35

In Innovation in e-Business Models,5 the in-house 
competencies of various firms are calculated. From the 
validated responses coming from 811 firms, the following 
demographic variables were computed: the number 
of employees as an indicator of the company size, the 
previous year’s sales, the year the company was founded, 
and the sector in which the company operates.

Working on the data of5 (see Table 1), we ascertain that 
in those who participated in the survey, there seems to 
be a lower-sector perception of whether the industry is 
appropriate for e-commerce as shown in Figure 1.

Figure 1. Appropriateness of e-commerce by industry.

Code Legend:

 1 AFFH—Agriculture, forestry, fishing, and hunting 
[11]

 2 MQOG—Mining, quarrying, and oil and gas extrac-
tion [21]

 3 UTIL—Utilities [22]
 4 CONS—Construction [23]
 5 MNFG—Manufacturing [31-33]
 6 WTRD—Wholesale trade [41]
 7 RTRD—Retail trade [44-45]
 8 TRWH—Transportation and warehousing [48-49]
 9 INCU—Information and cultural industries [51]
10 FIIN—Finance and insurance [52]
11 RERL—Real estate and rental and leasing [53]

Table 1. List of variables

S. 
No.

Symbol Caption Meaning

1 Ai Adopt_YesNo_i For firms doing e-commerce, this variable gets the value of 1; otherwise it gets 0.
2 Competencyi NEBIC_value_i This measures the in-house competency based on NEBIC as computed by Basiouni.
3 Rivalryi Firm’s_Sector_

HiLo_Adoption 
Rate

For firms having high adoption rate, this variable gets the value of 1; otherwise it gets 
0. This measures the number of competitors in the sectors, and this is treated as a 
surrogate for adoption rate. 

4  Sigma_firm This variable measures the sales variability of the firm. This is an indicator of the firm’s 
sales risk. 

5 ∑i Firm’s Sector_
HiLo_Variability

For sector having high sales volatility, this variable gets 1; otherwise it gets 0. 

6 Spxi Sales_Per_Emp This variable represents the sales of the firm divided by the staff count.
7 Nbei Number of Emp This variable is simply the number of staff, a surrogate measure for the size of the firm.
8 Yoei Years_of_

Existence
This variable represents the firm’s number of years of its existence.

9 Inappropriatei Opinion_
Inappropriate_1

This variable gets a “1” if the firm’s sector is opined to be inappropriate for e-commerce. 
The sector’s inappropriateness is dependent on the portion of firms (of that sector) who 
opined that “going e-commerce is not appropriate for them.” 



Indian Journal of Science and Technology 5Vol 12 (44) | November 2019 | www.indjst.org 

Ahmed Alojairi, Abdullah Almansour, Abdullah Basiouni, Kang Mun Arturo Tan, Hafizi Muhamad Ali and Walid Bahamdan

12 PSTS—Professional, scientific, and technical services 
[54]

13 MGCE—Management of companies and enterprises 
[55]

14 ADWA—Admin support, waste management and 
services [56]

15 EDUC—Educational services [61]
16 HCSA—Health care and social assistance [62]
17 AERE—Arts, entertainment, and recreation [71]
18 ACFS—Accommodation and food services [72]

And when we grouped the industries into seven 
categories, taking just the first digit of the industry code, for 
instance, grouping the firms as AERE (arts, entertainment, 
and recreation) and ACFS (accommodation and food 
services) and assigning them the number 7, we have the 
following:

In Figure 2, it can be seen that the individual firms are 
optimistic about their actual participation compared to 
the overall opinion of the industry. 

Figure 2. Grouping of industries.
As we can see, those in the blue column bar refer to the 

sector-specific perception of the appropriateness of using 
e-commerce. Those in the red column are those who use 
e-commerce.

4.2. Derivation of the Industry Rivalry and 
Firm’s Demand Variability Data
Other secondary data sets for each sector were obtained 
from Statistics Canada, as described below.

Data Set B1. Monthly time series of the Gross Domestic 
Value.

Data Set B2. Percentage of businesses transacting on 
the internet and the issues of having sales transaction 
online for each sector.

Using those available data sets B1 and B2, we compute 
the following variables:

Considering equation 5, Xi includes Salesi, Sizei, 
Expi and Inappropriatei. On the other hand, Zi includes 
In-house Competencyi, σi, ∑i and Rivalryi.

A good estimate of σi is obtained by collecting the 
time series data for each firm included in the survey. As 
this is difficult to obtain, the riskiness of the firm’s sales 
is calculated by using the sales’ cross-sectional values as 
an estimate of the distribution function. The distribution 
function becomes the basis of the σi.32

First, Salesi is regressed on a set of explanatory sets of 
variables. That is, 

 Salesi = Xi * B + v 

Where:
Salesi = level of the firm revenue
Xi = set of the explanatory variable (This includes 

In-house Competency, Size, Yoe -Years of Existence, and 
sector dummies.)

The error estimates are consistent as evidenced by 
the consistency of the OLS (Ordinary Least Squares) 
estimates of B.

5. Discussion of Results
Based on the details presented in Table 2, it can be seen 
that there is a very high correlation between the sector 
variability and the firms who adopted online selling 
strategy. It is noted that in this computation, the variable 
rivalry is a surrogate variable for adoption. Furthermore, 
no correlation is established between those who ignored 
e-commerce to sector variability.

Table 2. Sector-level variables correlation matrix

Rivalry 
(adopted)

Inappropriate 
(ignored)

Sigma 
(sector)

Rivalry 
(adopted)

1.000 1.000

Inappropriate 
(ignored)

0.068 1.000

Sigma (sector) 0.711 0.227

There are 20 sectors.

Table 3 shows a comparison of those who adopted 
e-commerce with those who ignored it; this comparison 
asserts that the difference between in-house competency, 
sales volatility, and years of existence is significant. 
The data suggest that adopters are more capable, have 
experience working in rough sales environment, and are 
relatively younger. The number of employees and sales 
per employee do not seem to be relevant.
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Table 4. Probit model maximum likelihood estimation 
(MLE) results

Coefficient Value z-Statistic Prob.
Constant −1.3151 −4.6515 0.0000
βCompetency 0.0843 3.6113 0.0003
βRivalry 0.3893 1.9189 0.0550
βσ2 0.2990 2.3314 0.0197
β∑2 0.4960 2.5212 0.0117
βYoe −0.0118 −2.3238 0.0201
βSales −0.0004 −0.0062 0.9950
βInappropriate 0.4376 2.3148 0.0206

Table 5. Supporting data for the MLE calculation

Log-likelihood 380.280
Standard deviation, dependent variable 0.480
McFadden R2 0.055
Likelihood ratio statistic 44.460
Probability (LR statistic) 0.000
Count of observations for A = 0 396
Count of observations for A = 1 221
Overall observations (missing values removed) 617

Given the results presented in Table 4 and 5, this discourse 
claims that the enterprise is likely to transact through the 
Internet if it exhibits the following characteristics: high 
competency of technology (βCompetency>0), firm situated 
in a sector where demand is variable (βUnsuitable> 0), and 
high demand volatility (βσ2> 0). 

The computation has sustained the first hypothesis 
(H1) that firms with high-level in-house competency are 
more likely to transact online. Furthermore, reasserting 
the result inspired by the NEBIC model, we found that 
firms who are able to utilize the potential of information 
technology are also capable of pairing it with appropriate 
economic decisions and skilfully manage projects by 
transacting via e-commerce, even in an uncertain 
environment.

The second hypothesis (H2) is supported as well. 
The second hypothesis claims that a vibrant and high- 
competition environment is associated with more firms 
adopting e-commerce. In this situation, the decision to 
adopt online selling becomes a strategic move, and the 
option to wait for further developments loses its appeal.

However, the third hypothesis (H3) is not supported. 
The third hypothesis claims that high sales uncertainty 

induces a firm to hold out and wait for a better time before 
making a move towards e-commerce. The computation 
does not support this. Considering that βσ2 and β∑2 are 
both positive and significant, this implies that high sales 
uncertainty encourages a firm to adopt online selling. 
Furthermore, this discourse implies that enterprises adopt 
e-commerce as a safeguard when the economy turns bad.

6. Conclusion
By using the real-options approach as discussed, this 
study concludes that firms’ resolve to move on to 
e-commerce is influenced heavily by various factors: the 
level of in-house competency, risk of competition, and 
risk of market demand volatility and unpredictability. 
Finally, this study suggested three flexibility-attaining 
activities: (1) intensive in-house training on e-commerce 
technology, (2) promotion of e-commerce among 
customers, and (3) encouraging other industry members 
to adopt e-commerce. Furthermore, we conclude that 
the following factors lead towards the adoption of 
e-commerce: (1) high in-house competency to manage 
information technology, (2) strong rivalry within the 
industry, and (3) high variability in sales performance. 

Finally, as for flexibility-attaining activities (sometimes 
referred to as agility), it is recommended that firms 
engage in (1) in-house training and development on the 
latest e-commerce technology, (2) promote e-commerce 
as the preferred mode of buying among the clientele, and 
(3) encourage other industry members to move on to 
e-commerce from traditional ways of doing business.
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