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Abstract. The adoption of e-business for Small and Medium Enterprises (SMEs) shou-
ld be easy to use, minimum customization, and not subject to infrastructure procurement.
However, each SME has very diverse characteristics, so that one-size-fits-all system is
not the right solution. In this study, a recommendation system for e-business applica-
tions is proposed for SMEs based on their characteristics. Recommendations are made
using advanced user-based collaborative filtering, which is the improvement of the User-
based Collaborative Filtering (UCF) algorithm. At UCF, SMEs give the same or similar
preferences to an e-business application, and it can be said that SMEs have similar re-
quirements. Thus, those SMEs will likely give the same preference to other e-business
applications. In the proposed advanced UCF, besides using SMEs preference data it also
uses SME characteristic data to produce recommendations. This approach is used by
considering that SMEs that have just used the recommendation system do not yet have a
historical preference for e-business applications. For this reason, recommendations can
be made by considering the characteristics of the organization. Thus, it is expected that
SMEs can use e-business applications that are appropriate to the characteristics of the
organization. This approach is expected to increase the adoption of e-business in SMEs.
Keywords: Advanced UCF, E-business, Collaborative filtering, Recommendation sys-
tem, SMEs

1. Introduction. E-business can be defined as the use of information technology or infor-
mation systems to support business processes in an organization. The use of e-business in
an organization can be widely used, including to increase product sales, organizational col-
laboration, and support the organization’s business processes [1]. By utilizing e-business
technology, the company will get several benefits, one of which is e-business that has a
positive effect on operational competence by facilitating increased gross margin, employee
productivity, employee operational management, and operational excellence [2]. Before
getting the right e-business application recommendation, company should first determine
the business goals and behavior of the business processes, one of which is by using a
framework for model-based quality assurance of online business processes [3]. That would
be useful in detecting and anticipating any deficiencies in meeting business goals at the
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early stages of business process development where corrective actions can be more easily
made.
E-business can be seen as an enabler for business growth, effective competition, and

innovation in SMEs. SMEs are often reluctant to adopt e-business based on lack of
IT managerial skills. A study revealed that the successful adoption of e-business by
organizations is related to the size of the organization [4]. However, this is contrary to
[5], which revealed that SMEs adopt e-business in a non-linear fashion. Organizations
that use IT as a habit in their organizations will find it easier to adopt e-business than
traditional companies. Meanwhile, the area of products and services also influences the
adoption of e-business.
Multi-label classification approach had been carried out in previous study [6], used

to link an SME profile with several appropriate e-business applications. The features
used include the evaluation of the SME characteristics. While the predicted classes are
e-business applications that fit certain characteristics. However, in the multi-label classi-
fication approach, the value of a class that can be predicted only consists of two values,
namely “true” or “false”. The class value represents the requirement of SME for the use
of an e-business application, which is “needed” or “not required”. However, we cannot
get more detailed information related to the level of SME requirements for an e-business
application. Meanwhile, it is very important to know the level of importance of e-business
applications required by SMEs. By using the Kano Model, areas that require more or
less investment can be identified. Application quality can be improved this way and user
satisfaction can be improved.
In this study a recommendation system for e-business application is proposed for SMEs

based on their characteristics. E-business information systems consist of several related
e-business applications. An organization can use several e-business applications to sup-
port its business processes in several functional areas. Recommendations are made using
advanced user-based collaborative filtering, which is the improvement of the User-based
Collaborative Filtering (UCF) algorithm. At UCF, giving recommendations is based on
that SMEs that give the same or similar preferences to an e-business application are the
same, and it can be said that SMEs have similar needs. Thus, the SMEs will likely give
the same preference to other e-business applications.
In the Advanced UCF, besides using SME preference data it also uses SME character-

istic data to produce recommendations. This approach is used by considering that SMEs
that have just used a recommendation system do not yet have a historical preference for
e-business applications. For this reason, recommendations can be made by considering
the characteristics of the organization. Thus, it is expected that SMEs can use e-business
applications that are appropriate to the characteristics of the organization. This approach
is expected to increase the adoption of e-business in SMEs.
The organization of this paper is composed as follows. Section 1 presents state-of-the-

art literature on e-business application recommendation for SMEs. Section 2 presents
the basic literature of collaborative filtering algorithms that are widely used in recom-
mendation system. Section 3 explains the use of collaborative filtering in the e-business
application recommendation system. This section also explains the use of the Kano Model
to determine user preferences for e-business applications based on user requirements and
expectations. Section 4 describes the implementation and evaluation of the recommenda-
tion system. Finally, Section 5 gives the concluding remark.

2. Collaborative Filtering. Recommendation algorithm is currently widely used in
web applications to predict user preferences for an item [7]. One algorithm that is widely
used to provide recommendations is Collaborative Filtering (CF) [8]. The CF algorithm
is based on the assumption that “similar users have similar preferences”. In other words,
by searching for users who are similar to active users and by checking their preferences,
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the recommendation system can predict the preferences of active users for a particular
item and provide a ranking list of the items most preferred by active users. CF generally
ignores the form and content of these items and can therefore also be applied to non-
textual items. Furthermore, CF can detect relationships between items that do not have
the same content but are implicitly linked through groups of users who access them [9].

CF algorithm has been successfully applied to several case studies, but there are chal-
lenges in its use. First, the traditional CF ignores that the actual recommendation system
is faced with individuals who have different personalities. Second, in the case of insuf-
ficient data, it will result in less credible recommendations. This is because the quality
of CF recommendations is very dependent on the diversity of data used [9]. Then the
final challenge is that traditional CF cannot combine user attribute information and user
rating, which results in less precise or less personalized recommendations [10].

Traditional CF is implemented through three main steps, which will be explained as
follows.

2.1. User-item matrix. User rating data can be described as matrix Am,n as follows:
R11 R12 . . . R1n

R21 R22 . . . R2n

...
...

. . .
...

Rm1 Rm2 . . . Rmn

 (1)

where n represents the number of items and m represents the number of users. Rui shows
user u rating on item i.

2.2. Nearest neighbor query. A key part of nearest neighbor query is to exploit d-
ifferent methods to calculate the similarity between target users and other users. After
that proceed with having the same top users number K to produce the closest neighbor
collection to predict the unknown rating. The accuracy of the similarity calculation is the
key to the accuracy of the CF algorithm. There are two types of similarity calculation
formulas that are most commonly used, which are as follows:

1) Cosine similarity:

sim(u, v) =

∑
i∈Iuv Rui ·Rvi√∑

i∈Iuv Rui
2
√∑

i∈Iuv Rvi
2

(2)

2) Pearson correlation coefficient:

sim(u, v) =

∑
i∈Iuv

[(
Rui − R̄u

)
.
(
Rvi − R̄v

)]√∑
i∈Iuv

(
Rui − R̄u

)2√∑
i∈Iuv

(
Rvi − R̄v

)2 (3)

where Rui, Rvi represent the ratings of the item i given by users u and v. R̄u, R̄v

represent the average ratings of users u and v. Iuv shows a collection of items given a
rating by users u and v.

2.3. Recommendation generation. After getting the N neighbor set, the next step
is to calculate the prediction of the ranking vector from the target user according to the
neighbor’s data set. The calculations for the predicted score are as follows:

Pu,i = R̄u +

∑
v∈N sim(u, v)

(
Rvi − R̄v

)∑
v∈N sim(u, v)

(4)

where sim(u, v) represents the similarity between users u and v. N indicates the collection
of neighbors of the target user.



520 N. M. S. ISWARI, E. K. BUDIARDJO AND Z. A. HASIBUAN

3. E-Business Apps Recommendation System Using Collaborative Filtering.
The aim of the Collaborative Filtering (CF) approach is to provide e-business recom-
mendations that are in accordance with the characteristics of SMEs. CF approach itself
consists of several algorithms, namely, item-based collaborative filtering, user-based col-
laborative filtering, and other algorithms. In this study, a trial of 3 recommendation
approaches was conducted to find the approach that was considered the most appropriate
as a recommendation for SMEs. The approach used is as follows:

1) Item-based Collaborative Filtering (ICF), namely an SME that has a preference for
an e-business application may also need a similar e-business application, so that the
same preferences will be obtained for the two e-business applications.

2) User-based Collaborative Filtering (UCF), namely SMEs that give the same or similar
preferences to an e-business application are the same, and it can be said that SMEs
have similar needs. Thus, the SMEs are likely to give the same preference to other
e-business applications.

3) Advanced User-based Collaborative Filtering (Advanced UCF), which in addition to
using SME preference data also uses SME characteristic data to produce recommen-
dations. This approach is used by considering that SMEs that have just used a recom-
mendation system do not yet have a historical preference for e-business applications.
For this reason, recommendations can be made by considering the characteristics of
the organization.

When calculating the similarity between users, the Pearson correlation coefficient out-
performs the similar algorithm [10, 12]. Thus, in this paper we only discuss the calculation
of similarity based on the Pearson correlation coefficient.

3.1. Item-based collaborative filtering. In Item-based Collaborative Filtering (ICF),
as illustrated in Figure 1(a), the assumption used is that an SME that has a preference

Figure 1. (a) Item-based collaborative filtering; (b) user-based collabora-
tive filtering; (c) advanced user-based collaborative filtering
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for an e-business application might also need a similar e-business application, so that the
same preferences are obtained for both e-business applications.

Item-based CF consists of three basic steps, as follows [13]:

1) Building an e-business application environment that is most similar to e-business ap-
plication targets (predicted e-business applications). This is done by calculating the
similarity, sim(u, v), between application u and application v. To calculate similari-
ty, the Pearson correlation coefficient algorithm is used, as explained in the previous
section.

2) The second step is to predict the preferences of SMEs to an e-business application that
has never been given a preference value before.

3) The final step is to build a list of recommendations based on the prediction results of
e-business application preferences.

3.2. User-based collaborative filtering. In User-based Collaborative Filtering (UCF),
as illustrated in Figure 1(b), SMEs that give the same or similar preferences to an e-
business application are the same, and it can be said that the SMEs have similar needs.
Thus, the SME is likely to give the same preference to other e-business applications.

User-based CF consists of three basic steps, as follows [13]:

1) Building an environment of SMEs that is the most similar to the targeted SME (SME
which will be given recommendations). This is done by calculating the similarity,
sim(u, v), between the SME u and the SME v. To calculate similarity, the Pearson
correlation coefficient algorithm is used, as explained in the previous section.

2) The second step is to predict the preferences of SMEs to an e-business application that
has never been given a preference value before.

3) The final step is to build a list of recommendations based on the prediction results of
e-business application preferences.

3.3. Advanced user-based collaborative filtering. In Advanced User-based Collab-
orative Filtering (Advanced UCF), as illustrated in Figure 1(c), besides using SME pref-
erence data it also uses SME characteristic data to produce recommendations. This
approach is used by considering that SMEs that have just used a recommendation system
do not yet have a historical preference for e-business applications. For this reason, recom-
mendations can be made by considering the characteristics of the organization. Following
are the steps of collaborative filtering algorithm based on user attributes and user ratings
[10]:

1) Perform user preferences similarity matrix calculations based on preference information
from SMEs.

2) Perform a user attribute similarity matrix calculation based on characteristic informa-
tion from SMEs.

3) Perform final similarity calculations from SMEs.
4) Using the similarity generated in step 3), select neighbors that are similar to the top

K for SMEs, and do a ranking prediction.
5) Select the top N items with the highest predictive score, resulting in a collection of

recommendations for SMEs.

At this stage an analysis of the preferences of e-business application needed by SMEs
was done using Kano Model. The process begins with preparing a list of requirements
from e-business applications. Using the Kano Model, for each e-business application, a
pair of functional and dysfunctional questions are created, as shown in Table 1. Functional
questions represent user responses if an application is available on an e-business system. In
contrast, dysfunctional questions represent user responses if an application is not available
on e-business systems [11]. User must provide one of 5 answer choices for each question.
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Table 1. Example of functional and dysfunctional questions for e-business applications

Question Answer
Functional How do you feel if the application to

manage income, expenses and other
financial activities is available?

1) I like it that way
2) It must be that way
3) I am neutral
4) I can live with it that way
I dislike it that way

Dysfunctional How do you feel if the application to
manage income, expenses and other
financial activities is not available?

1) I like it that way
2) It must be that way
3) I am neutral
4) I can live with it that way
I dislike it that way

Table 2. Kano evaluation matrix [14]

Question
Dysfunctional

Like Must-be Neutral Live with Dislike

Functional

Like Q A A A O
Must-be R I I I M
Neutral R I I I M
Live with R I I I M
Dislike R R R R Q

Then the questions are categorized, as shown in Table 2 to determine which category the
product/service belongs to.
In the Collaborative Filtering (CF) calculation, the value from the Kano classification

will be converted to a number to make the calculation easier. Reverse (R) classification
is converted to value 1. Indifferent (I) classification is converted to value 2. Must-be (M)
classification is converted to value 3. One-dimensional (O) classification is converted to
value 4. Attractive (A) classification is converted to value 5. Meanwhile, Questionable
(Q) classification is not included in calculations.
From the results of Kano evaluation, we can get an overview of the preferences of SMEs

related to the requirements of e-business applications. Based on the Kano evaluation ma-
trix, requirements are grouped into six categories, namely attractive, one-dimensional,
must-be, indifferent, reverse, and questionable. Based on the results of the Kano evalua-
tion matrix, we can determine user preferences for e-business applications based on user
requirements and expectations. Thus, the recommendation of Advanced UCF calcula-
tion results is expected to match the requirements and expectations of SMEs, and can
optimally support SMEs business processes.

4. Implementation and Analysis. In this process, a trial of the three collaborative
filtering approaches described previously was carried out. This trial is conducted to find
out which algorithm is considered the most appropriate to be implemented to provide
e-business application recommendations in accordance with the characteristics of SMEs.
The algorithm used is

1) Item-based collaborative filtering
2) User-based collaborative filtering
3) Advanced user-based collaborative filtering

4.1. Evaluation of recommendation system. To evaluate prediction results, predic-
tion accuracy metrics are used to measure the extent to which the recommendation system
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can predict user ratings. This metric is very useful for systems that display rating pre-
dictions to users [13]. There are two types of predictive accuracy metrics that are widely
used, namely

1) Mean Absolute Error (MAE)

MAE =
1

N

N∑
i=1

∣∣∣Ru,i − R̂u,i

∣∣∣ (5)

2) Root Mean Square Error (RMSE)

RMSE =

√√√√∑N
i=1

(
Ru,i − R̂u,i

)2

N
(6)

where Ru,i and R̂u,i are the actual rating and prediction rating. N is the total amount of
test data. The smaller the MEA or RMSE value, the more precise the recommendations
given.

4.2. Performance comparison of collaborative filtering algorithm. To show the
performance of the three CF approaches, ICF, UCF, and Advanced UCF, a comparison
of the three approaches was performed. Under the same conditions, the smaller the MAE
value, the better the performance of an algorithm. In this performance test, all 50 SMEs
data are used.

Based on test results by comparing MAE values, as shown in Figure 2, it can be seen that
the Item-based Collaborative Filtering (ICF) algorithm has the lowest error compared to
the other two approaches. These results indicate that the ICF algorithm is very suitable
for SME data that is very diverse and has its own characteristics. SMEs have their own
e-business application needs, so they cannot be compared to other SMEs. When using
the User-based Collaborative Filtering (UCF) or Advanced UCF algorithm, the error or
prediction error is higher, because the need for e-business applications for an SME is not
necessarily suitable if it is recommended for other SMEs.

However, if looking back at the purpose of this recommendation, namely to increase
the use of e-business for SMEs so that SMEs can get benefit for the organization, then
the recommendations given are considered necessary to consider the preferences of other

Figure 2. Performance of the three collaborative filtering approaches
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SMEs that have successfully implemented e-business (based on success stories). Therefore,
the approach that is considered more appropriate is actually UCF. However, not only
considering preferences but it is also necessary to consider the characteristics of SMEs.
Thus, SMEs can follow the use of e-business applications from other SMEs that have
similar characteristics. Evaluation related to this will be discussed in the next section.

4.3. Performance comparison in cold start conditions. In the previous section, a
comparative test of the performance of 50 SMEs data has been conducted. In this testing,
the SMEs data are sorted, where the data used for the trial are only SME data that have
a relatively high impact factor on other data. The data used are data that have greater
impact factors equal to 35. The total data used after sorting is 35 data.
The purpose of this test is to find out the comparison of algorithm performance to

provide recommendations based on SME data that has benefited from the use of e-business
applications for its business. This is indicated by the relatively higher impact factor
assessment. Thus, other SMEs are expected to follow the use of e-business applications
from SMEs that have succeeded in gaining benefits (based on success stories).
However, the next challenge is the problem of cold start, which is a condition where the

recommendation system does not have enough information to provide recommendations
for users. This condition occurs when the user uses the recommendation system for the
first time, where the user has not provided preference data in advance on the recommen-
dation system [9]. This condition may arise in the ICF and UCF algorithms, where the
data used to process recommendations only consider the e-business application preference
data by the user. However, the Advanced UCF cold start conditions can be overcome
because in addition to considering the preferences of e-business applications from users,
it also considered characteristic data from SMEs. Thus, the Advanced UCF can provide
recommendations that are more effective and can handle cold start conditions.
The results of MAE and RMSE comparisons for the three algorithms are shown in

Figure 3. Comparisons are made by analyzing the error rate based on the amount of data
used for the recommendation process. Based on trials carried out, the Advanced UCF
algorithm is proven to be able to overcome the cold start conditions that occur when the
amount of data used is still small. As the amount of data increases, the error rate in the
Advanced UCF algorithm tends to decrease.

Figure 3. MAE and RMSE comparison in cold start condition

In Figure 3, it is not sufficiently proven that the Advanced UCF algorithm is superior
to UCF and ICF in cold start conditions. This is because the data used in this study
are still limited. However, on this graph, it can be observed that the Advanced UCF
graph has an error that decreases as the data increases. Thus, it can be assumed that if
the data used is added, the Advanced UCF error graph will decrease again. This will be
re-evaluated as a future study of this research.
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5. Conclusions. In developing the appropriate e-business application recommendation
model for SMEs, at this study implementation and evaluation of three algorithms are
conducted, namely Item-based Collaborative Filtering (ICF), User-based Collaborative
Filtering (UCF), and Advanced User-based Collaborative Filtering (Advanced UCF). In
the ICF and UCF approaches, e-business application recommendations can only be given
based on the preference needs of e-business applications obtained from Kano Model data
processing. Both of these approaches have limitations, namely if there has never been a
preference data for e-business application needs (or when SMEs used the recommendation
system for the first time), then the recommendation system does not yet have enough
information to provide recommendations. Therefore, an algorithm improvement is needed,
where the characteristics of SME are also considered in providing recommendations.

The Advanced UCF algorithm is an improvement of the UCF algorithm that considers
the characteristics of SMEs in providing recommendations. The UCF is the basis for the
developed algorithm because the algorithm is considered more appropriate to be used in
this SME case study. The purpose of the recommendations given is to increase the use
of e-business for SMEs so that SMEs can get benefit for the organization. Therefore, the
recommendations given are considered necessary to consider the preferences and other
characteristics of SMEs that have successfully implemented e-business (based on success
stories).

As future work, the resulting recommendation model will be used to develop a method-
ology for developing e-business software product lines based on the characteristics of
SMEs using the Software Product Line Engineering (SPLE) approach. The proposed
methodology adopts the stages of the process in general SPLE. In the domain require-
ments engineering sub-process, a list of software requirements is obtained from e-business
application recommendations and e-business application features. This will make it easier
for users to get applications that suit their needs.
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