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ABSTRACT

Although there are numerous contributions why firms outsource IT
activities, research on Business Process Outsourcing (BPO) decisions
is scarce. As BPO might affect outsourcer s core, decisions are likely to
be taken on firm level. We therefore aim at answering the following re-
search question: What is the impact of firm-level characteristics on the decision
to outsource business processes? Using publicly available data we analyze
BPO decisions in the German banking market. Our findings show that BPO is
perceived to provide significant strategic value for outsourcers. We provide evi-
dence that large and diversified banks with low cost efficiency are more likely to
outsource. Contradictory to prior research findings we further demonstrate that
more activities are sourced out, if outsourcer s profit increases. Further research
is suggested to explain BPO success using publicly available data.

Keywords: Business Process Outsourcing, outsourcing decision, firm character-
istics, banking, JEL Classification: G21, G34

1. INTRODUCTION

The examination of outsourcing — the purchase of a good or service that was pre-
viously provided internally (Lacity and Hirschheim (1993)) — has been a domain
of IS research for several years now. When considering outsourcing, most of the
academic discussions have addressed the questions of “why”, “what”, “which”
and “how” to outsource (Dibbern, Goles, Hirschheim and Jayatilaka (2004)).
As several motives for outsourcing have been analyzed in prior IT outsourcing
research, little is known in the context of Business Process Outsourcing (BPO)
(Dibbern et al. (2004)). This is especially surprising as BPO is a fast growing
area in the outsourcing market (Gartner (2004)). One of the unique characteristics
of BPO seems to be its proximity to outsourcer’s core: several researchers (see
e.g. Rouse and Corbitt (2004); Franke and Wiillenweber (2006); Gewald (2006))
showed that benefits and risks of BPO are closely related to firm-level objectives
and strategic directions. However, these findings provide an incomplete picture
as they are drawn from empirical studies with process owners and thus provide
only a process-level perspective. Taking a firm-level view, we therefore aim at
answering the following research question:

What is the impact of firm-level characteristics on the decision to outsource
business processes?

To answer our research question, we first review prior studies on business process
outsourcing and motives for outsourcing decisions (section 2). In section 3, we
derive our hypotheses and explain the methodology used. Section 4 presents
descriptive statistics of our data. The results of our study are given in section 5.
Finally, we summarize our findings and discuss further research (section 6).

2. LITERATURE REVIEW
In the last two decades academic research on outsourcing, especially IT-outsourc-
ing, has evolved rapidly. According to Dibbern et al. (2004) most researcher have

focused on determinants and motives to outsource IT operations. As current
outsourcing literature provides for very few comparative studies, differences
between IT outsourcing and business process outsourcing have been suggested
as promising research path (Dibbern et al. (2004)). However, little is known on
BPO motives at all. Gewald (2006) as well as Gewald, Wiillenweber and Weitzel
(2006) outline BPO’s strategic importance. The authors analyze potential BPO
benefits and risks as perceived by German bank managers. Focusing on core
competencies has been identified in these studies as most important benefit as-
sociated with BPO. From the risk perspective, process’s closeness to outsourcer’s
core was amongst the most significant inhibitors as BPO may result in substantial
loss of know-how and innovative capabilities.

Besides these studies, empirical evidence is rare. Thus, we draw on prior research
analyzing firm-level financial characteristics of companies involved in IT out-
sourcing arrangements. Loh and Venkatraman (1992) find that high overall costs
as well as high IT costs and a poor IT performance are significantly correlated
with outsourcing. Smith, Mitra and Narasimhan (1998) concluded that low over-
head costs, low cash reserves, high debt, and declining growth rates determine
outsourcing decisions. Hall and Liedtka (2005) demonstrate that IT outsourcing
is determined by poor performance, poor cost control, and short term cash needs
of the firms. Ang and Straub (1998) show that IT outsourcing is best explained
by high production costs. The authors further outline that outsourcer’s size is
negatively related to outsourcing.

Astheabove studies focus on outsourcing decisions, there are several contributions
on the firm-level effects affer outsourcing. Most studies find outsourcing influenc-
ing firm’s performance negatively Kotabe, Murray and Javalgi (1998); Gorzig
and Andreas (2003), marginally D’Aveni and Ravenscraft (1994) or having no
significant effect (Gilley and Rasheed (2000)). Holzhéuser (2006) find that banks
benefit from either a very high or a low vertical integration. Studying the influence
of outsourcing on productivity, Girma and Gorg (2004) find labor productivity
and total productivity growth positively related to outsourcing.

None of the literature we reviewed was attributed to pre-event firm character-
istics of business process outsourcing. Within this paper, BPO is defined as the
delegation of one or more entire business processes to third party providers,
including the software and hardware that support those processes Halvey and
Melby (2000). A business process is defined as a “set of logically related tasks
performed to achieve a defined business outcome” (Davenport (2005)). Thus,
BPO is the combination of application development/maintenance outsourcing,
IT infrastructure outsourcing and the outsourcing of business activities which are
not IT supported like business process re-design.

3. RESEARCH MODEL AND METHODOLOGY

3.1 Hypotheses

Following the studies outlined in section 2, we look at three categories of firm
characteristics that might influence the BPO decisions: outsourcer’s size, firm
performance, cost efficiency, and degree of diversification.

Size. Concerning the outsourcer’s size ambiguous explanations can be found in
the literature. Ang et al. (1998) as well as Girma et al. (2004) argue that it is more
difficult for smaller firms to achieve economies of scale and therefore outsource
their operations. However, only Ang etal. (1998) confirm this hypothesis. Smith et
al. (1998); Girma et al. (2004) as well as Hall et al. (2005) find a positive relation
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of firm size and outsourcing as the absolute amount of outsourcing deals should
be greater in larger firms than in smaller firms. We follow the later argument and
propose that larger outsourcers tend to outsource business processes as for smaller
outsourcers the efforts to monitor and control outsourced processes will exceed
cost savings. In addition to firm size, we look at firm growth to account for size
changes. Smith et al. (1998) find that declining growth rates entail outsourcing.
They argue that firms who are lacking growth opportunities focus on cost reduc-
tion strategies and therefore tend to outsource.

H1:Firmsizeispositively, growthratesarenegativelyrelatedtothedecisiontooutsource
business processes.

Firm performance. Hall et al. (2005) suggest that poorly performing firms are
more prone to outsourcing as they will try to increase their short term performance.
Outsourcing contracts can especially help to increase reported earnings in the year
of the outsourcing event by selling their assets through the transfer of operations
to the insourcer above book value. Loh et al. (1992) argue that under conditions
of poor business performance firms seek to streamline their operations. Kotabe et
al. (1998) postulate that outsourcing is negatively related to financial performance
as it can be seen as a strategic reaction to declining competitiveness.

H2: Firm performance is negatively related to the decision to outsource business
processes.

Cost efficiency. Most research articles on outsourcing show that firms outsource
part of their operations, if cost efficiency is low. Hall et al. (2005) as well as Loh
et al. (1992) find that high administrative costs and operating expenses — used as
a synonym of low cost efficiency - are positively associated with outsourcing. In
particular, we will draw special attention to wage levels as Girma et al. (2004)
show that firms with high labor costs are more prone towards outsourcing in order
to gain cost reductions.

H3: Costefficiency isnegatively, wage levels are positively related to the decision to
outsource business processes.

Diversification. In the outsourcing literature hardly any study discusses the
influence of diversification on outsourcing decisions. Only Holzhéuser (2006)
find that diversified banks tend to operate at a lower level of vertical integration.
However, empirical studies show that diversification is associated with higher
costs (Holzhéuser (2006)). Thus, diversified banks will have a greater need to
reduce costs and will purse cost cutting strategies including BPO.

H4: Diversification is positively related to the decision to outsource business
processes.

Finally, we control whether the banks are a savings institute (‘Sparkasse’). In
Germany, these institutes are institutionally tied and might decide within their
group that all institutes source out. In this case, we would have to reduce our
sample to count all ‘Sparkasse’ outsourcing deals as one single outsourcing event.
To control for this effect we use a dummy variable which is set to one, if the bank
is a savings bank and zero otherwise.

3.2 Methodology

We chose to analyze BPO arrangements in the German banking area. As IS re-
search should account for industry-specific results Chiasson and Davidson (2005),
we selected the financial services sector as research object, since it is the second
largest buyer of outsourcing services Gartner (2004). We use publicly available
accounting data to explain outsourcing decisions as audited financial data provide
a more objective evaluation of a firm’s performance than the perception-based
intermediate metrics typically used in case studies (Smith et al. (1998)). Further,
respondents answers in surveys may by self justifying (Ang et al. (1998)).

To derive factors explaining outsourcing decisions we compare firm characteris-
tics of banks where we observed BPO the year prior to the outsourcing event to

the characteristics of the control group without BPO in the same year. We apply
nonparametric tests to analyze the influence of each variable identified on the
outsourcing decision as described by Smith et al. (1998) as well as Hall et al.
(2005) and control for multivariate effects of our variables using a logistic panel
regression model Hall et al. (2005):

h [L] —b, +b,-SIZE,, ,+b, -GROWTH,, , +b,-ROA,, , +b, -CIR,, , +b,-COSTASS,, ,

1-m i1

1

+b,- EMPLCOST,, ,+b, DIV, +b,-SPARKASSE,, , +e,,

i1

where m, = p(BPO,, =1) BPO is one, if bank i has sourced out a business process
in year t, and zero otherwise. The independent variables are described in Table
2. The measure of diversification is taken from Elsas, Hackethal and Holzhduser
(2006).

4. THE DATA

The information on outsourced business processes was retrieved from a survey,
which was sent out in May 2005 among the 200 largest banks in Germany. Re-
sponses from 126 banks were received resulting in a response rate of 63%. Twelve
responses were anonymous and therefore had to be excluded. To obtain the account-
ing data we used Fitch IBCA Bankscope. Due to limited availability of accounting
data before the year 1997 we had to restrict our study on outsourcing deals that
occurred between 1998 and 2005, as we are interested in the accounting data the
year before the outsourcing. We included all banks in our sample where at least
one year of accounting data in the range between 1997 and 2004 were available.
In addition, we excluded all banks that had any process sourced out before 1998
or where the accounting data in the year before the BPO were not available. This
selection process reduces our sample to 101 banks for which we obtained 743
years of accounting data over the years between 1997 and 2004.

In this sample we find 41 BPO events. Three banks sourced out two processes
in the same year, which we counted as one outsourcing event in the respective
year, which leaves us with a total of 38 outsourcing events for our observed time
frame (Table 1).

5. STATISTICAL ANALYSIS

5.1 Non Parametric Analysis

Starting with the results of the median difference test (Table 4) we observe the
univariate influence of the variables on the decision to outsource business processes.
Apositive value in the median difference column indicates a positive effect of the
variable on outsourcing, while a negative value indicates that the variable has a
negative effect on the outsourcing decision.

The variable SIZE is positively correlated to outsourcing and the Wilcoxon test
shows significance at the 1% level, indicating that larger bank tend to source
out business processes more likely than smaller banks. The median difference
for GROWTH is slightly positive but not significant. The same applies for ROA

Table 1. Sample

Number of banks Number of banks

Year with BPO event in control group Total
1998 2 76 78
1999 1 90 91
2000 1 91 92
2001 5 89 94
2002 5 90 95
2003 4 94 98
2004 6 92 98
2005 14 85 99
Total 38 707 745
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Variable Description

Definition

SIZE Size

GROWTH Annual growth of total assets

ROA Return over assets
CIR Cost-to-income ratio
COSTASS Total operating cost/total assets

EMPCOST Cost per employee

DIV Diversification

SPARKASSE Dummy for Sparkasse

Logarithm of total assets of the bank

Total assets divided by total assets of previous year

Net income divided by total assets of the bank

Total operating costs divided by total operating income of the bank

Total operating costs divided by total assets of the bank

Wages and salaries plus social security contributions plus pension contributions divided by number of
employees

2 2 2
DIV =1 INT N CoOM N oT1
TOR TOR TOR
INT =interest revenue; COM =net commission revenue, OTI =all other net revenue; TOR=sum of the ab-
solute values of INT, COM, and OTI. DIV increases in the degree of revenue diversification. By definition

DIV can take on values between 0 (the bank is fully specialized on one revenue source) and 0.75 (the bank
generates a fully balanced revenue mix from all four revenue sources).

Binary dummy variable: 1 for state owned, 0 for privately owned

Table 3. Characteristics of independen

t variables

Variable N Mean Median Std. Dev. Min. Max.
SIZE 745 9.0809 8.5767 1.3885 6.0154 13.1690
GROWTH 644 1.0663 1.0405 0.2528 0.6237 6.7580
ROA 744 0.2118 0.1900 0.3657 -6.0300 4.3500
CIR 744 64.6929 65.1750 14.8277 18.3300 177.0300
COSTASS 744 0.0168 0.0185 0.0088 0.0005 0.1076
EMPCOST 742 0.0557 0.0478 0.0239 0.0145 0.3393
DIV 744 0.1790 0.1741 0.1004 0.0011 0.6026
SPARKASSE 745 0 1

Table 4. Median difference test

Wilcoxon signed rank test

Variable Median Difference Z-statitic p-value
SIZE 0.775 2.632 *** 0.009
GROWTH 0.046 0.049 0.961
ROA 0.163 -0.341 0.733
CIR 4.530 1.994 ** 0.046
COSTASS 0.002 1.835 * 0.067
EMPCOST 0.014 2.748 *** 0.006
DIV 0.059 3.009 *** 0.003

*=significant at the 10% level, **=significant at the 5% level, ***=significant at the 1% level

which measures the return over assets and is our proxy for the performance of the

banks. The variables that measure cost efficiency are higher for the banks with  sourced out than for the industry control group (at a 1% significance level).
BPO than the median of the peer group at a significance level of 5% (CIR) and

10% (COSTASS). Hence we conclude, that banks with a high costs and a low cost

efficiency tend to source out business processes. The same applies for the wage -2 Logistic Regression Analysis

level (EMPCOST) which is higher for the outsourcing banks at a significance
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We tested several models in our logistic regression analysis. Correlation among
the independent variables does not allow including all variables in one model. The



396 2007 IRMA International Conference

results from the regression mainly support the findings of the univariate median
difference test. Only the variable for return over assets (ROA), which was not
significant in the median difference test, is significantly positive related to out-
sourcing in our regression analysis. All other variables show the same influence on
business process outsourcing in both the univariate and the multivariate analysis.
The dummy variable SPARKASSE, controlling for the firm being a German savings
bank does not show significant influence on outsourcing in any model.

Table 5. Regression results
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5.3 Discussion

Our first hypothesis is partly supported by our findings. We can provide evidence
that firm size is positively related to BPO. Research provides findings on ‘dis-
economies of scale” where coordination and control costs exceed cost savings
retrieved from the utilization of economies of scales (Graves and Langowitz
(1993); Zanger (1994)). If this is the case, firms tend to focus on core competen-
cies (Prahalad and Hamel (1990); Cross (1995); McFarlan and Nolan (1995)) and
outsource non-core activities. Our results contradict prior research findings (e.g.
Ang et al. (1998)) as this tradeoff (economies vs. diseconomies of scale) entails
that large firms engage in outsourcing activities more often than small firms. We
conclude that the processes analyzed here do not belong to bank’s core. Thus
large banks are not willing to bear high coordination and control costs for those
activities which do not provide any value for the firm, if they are internally pro-
duced. On the other hand, we did not find a significant influence of growth rates
on BPO. Thus, we presume that BPO is not perceived as short-term instrument
to improve profitability.

Our second hypothesis is contradicted by our findings: the more profitable a bank
operates, the more likely it will engage in BPO activities. To our knowledge, this
relation has not been shown in prior outsourcing studies. Firms are only able to
invest in new business opportunities, if profit increases. Thus, our data provide
evidence that BPO is not only perceived as cost reduction instrument but also as
strategic instrument through leveraging the capabilities of the service provider.
This finding is in line with outsourcing research where outsourcers gain or sustain
competitive advantage through the use of vendor’s resources (Lacity and Willcocks
(1998); Quinn (1999); Goles (2003); Lammers (2004)).

Nevertheless, BPO seems to be part of cost cutting strategies as our third hypothesis
is fully supported by our data. Thus, poor cost efficiency entails BPO. In particu-
lar, banks with high wages levels tend to outsource more often than banks with
lower wage levels. In the case of high wage levels, it is believed to be easier for
the insourcer to provide the services at lower cost as the difference of personnel
expenses between the outsourcer and insourcer is larger.

Finally, our data support our fourth hypothesis that the degree of diversification
is positively related to BPO. Thus, banks try to streamline their operations and
thereby reduce operating costs while still benefiting from diversified revenue. This
finding supports prior findings in outsourcing research and transfers them to BPO
context (Prahalad et al. (1990); Cross (1995); McFarlan et al. (1995)).

Our control variable for ‘Sparkasse” does not show any significance. Thus, we
are allowed to count each ‘Sparkasse’ separately.

5.4 Limitations

As our findings provide for interesting insights on BPO decisions, several limita-
tions have to be considered. First, we rely on those data which are publicly avail-
able and cannot account for internal matters. For example, if the bank sourced
out to improve process quality, we will not be able to reproduce this parameter as
there is no quality measure available. Second, due to limited availability of older
accounting data, we only use data from one year prior to outsourcing. Although
this is a valid approach used in other research studies (e.g. Smith et al. (1998)),
more data would be appropriate to strengthen our results.

6. CONCLUSIONS

This paper empirically addresses the factors that influence BPO decisions. As BPO
is considered as strategic instrument through leverage of vendor’s capabilities,
we advocate a firm-level instead of a process-level analysis. In addition, we aim
to overcome respondent’s biases from case studies and survey data and therefore
rely on publicly available data.

Our findings are somewhat contradictory to current outsourcing research and
emphasize the strategic value of BPO. As large banks with high performance tend
to outsource more activities, we conclude that BPO is seen as strategic instrument
to sustain or further gain competitive advantage. Since especially diversified
banks are not able to generate these advantages with internal resources, they are
interested in accessing vendor’s more specialized resources to complement their
resource portfolio. Nevertheless, potential cost savings seem to be a relevant
motive for BPO as especially high wages could be reduced significantly (similar
findings in Gewald (2006)).
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From our data, we were not able to identify whether potential process improve-
ments is the reason why firms outsource their business processes. However, as
this has been shown as important factor influencing the outsourcing decision
(e.g. Gewald (2006)), further research might analyze the importance of quality
from the firm-level perspective. In addition, since our research focus on decision
criteria prior to outsourcing, it would be interesting to see if these ‘predictions’
hold for the future. Thus, publicly available data should be used after outsourcing
to analyze achieved benefits from BPO.

7. REFERENCES

Ang, S. and D. W. Straub (1998). “Production and Transaction Economies
and IS Outsourcing: A Study of the US Banking Industry.” MIS Quaterly
December.

Chiasson, M. W. and E. Davidson (2005). “Taking industry seriously in informa-
tion systems research.” MIS Quarterly 29(4): 591-605.

Cross, J. (1995). “IT Outsourcing: British Petroleum’s Competitive Approach.”
Harvard Business Review May-June: 94-102.

D’Aveni, R. A. and D. J. Ravenscraft (1994). “Economies of Integration versus
Bureaucracy Costs: Does Vertical Integration Improve Performance?” Acad-
emy of Management Journal Vol. 37(No. 5): pp. 1167-1206.

Davenport, T. (2005). “The coming commoditization of processes.” Harvard
Business Review June: 100-108.

Dibbern, J., T. Goles, R. Hirschheim and B. Jayatilaka (2004). “Information
Systems Outsourcing: A Survey and Analysis of the Literature.” The DATA
BASE for Advances in Information Systems Vol. 35(No. 4).

Elsas, R., A. Hackethal and M. Holzhéuser (2006). “The Anatomy of Bank
Diversification.” University of Munich, Munich School of Management,
Discussion Papers in Business Administration.

Franke, J. and K. Wiillenweber (2006). The Impact of Potential Flexibility Gains
and Losses on the Intention to Outsource Business Processes. Proceedings of
the 14th European Conference on Information Systems (ECIS06), Goteborg,
Sweden.

Gartner (2004). Forecast for IT Outsourcing Segments Shows Strong Growth.
Gartner Dataquest Alert.

Gewald, H. (2006). Assessing the Benefits and Risks of Business Process Out-
sourcing in the German Banking Industry. Frankfurt am Main.

Gewald, H., K. Wiillenweber and T. Weitzel (2006). ,,The Influence of Perceived
Risks on Banking Managers* Intention to Outsource Business Processes - A
Study of the German Banking and finance Industry.” Journal of Electronic
Commerce Research 7(2): 78-96.

Gilley, K. M. and A. Rasheed (2000). “Making More by Doing Less: An Analysis
of Outsourcing and its Effects on Firm Performance.” Journal of Management
Vol. 26(No. 4): pp. 763-790.

Girma, S. and H. Gorg (2004). “Outsourcing, Foreign Ownership, and Productiv-
ity: Evidence from UK Establishment-level Data.” Review of International
Economics 12(5): 817-832.

Goles, T. (2003). “Vendor Capabilities and Outsourcing Success: A Resource-
based View.” Wirtschaftsinformatik 45(2): 199-206.

Gorzig, B. and S. Andreas (2003). “Outsourcing and Firm-level Performance.”
German Institute of Economic Research (DIW), Discussion Paper(90).
Graves, S. and N. Langowitz (1993). “Innovative productivity and returns to
scale in the pharmaceutical industry.” Strategic Management Journal 14(8):

593-605.

Hall,J. A. and S. L. Liedtka (2005). “Financial Performance, CEO Compensation,
and Large-Scale Information Technology Outsourcing Decisions.” Journal of
Management Information Systems Vol. 22(No. 1): pp. 193-221.

Halvey, J. K. and B. M. Melby (2000). Business Process Outsourcing - Process,
Strategies and Contracts. New York, John Wiley & Sons.

Holzhauser, M. (2006). “The changing boundaries of banking firms.” Dissertation
Thesis: Frankfurt am Main, Germany.

Kotabe, M., J. Y. Murray and R. G. Javalgi (1998). “Global Sourcing of Services
and Market Performance: An Empirical Investigation.” Journal of International
Marketing Vol 6(No. 4): pp. 10-31.

Lacity, M. and L. P. Willcocks (1998). “An Empirical Investigation of Information
Technology Sourcing Practices: Lessons from Experience.” MIS Quaterly
22(3): 363-408.

Lacity, M. C. and R. Hirschheim (1993). “The Information Systems Outsourcing
Bandwagon.” Sloan Management Review Fall: 73-86.

Lammers, M. (2004). “Make, Buy or Share - Combining Resource Based View,
Transaction Cost Economics and Production Economies.” Wirtschaftsinfor-
matik 46(3): 204-212.

Loh, L. and N. Venkatraman (1992). “Determinants of Information Technology
Outsourcing: A Cross-Sectional Analysis.” Journal of Management Informa-
tion Systems Vol. 9(No 1): pp. 7-18.

McFarlan, F. W. and R. Nolan, L. (1995). “How to Manage an IT Outsourcing
Alliance.” Sloan Management Review Winter: 9-23.

Prahalad, C. K. and G. Hamel (1990). “The Core Competence of the Corporation.”
Harvard Business Review May-June: 79-91.

Quinn, J. B. (1999). “Strategic Outsourcing: Leveraging Knowledge Capabilites.”
Sloan Management Review 40(4): 9-22.

Rouse, A. C. and B. Corbitt (2004). IT-supported business process outsourcing
(BPO): The good, the bad and the ugly. Eight Pacific Asia Conference on
Information Systems, Shanghai, China.

Smith, M. A., S. Mitra and S. Narasimhan (1998). “Information Systems Out-
sourcing: A Study of Pre-Event Firm Characteristics.” Journal of Management
Information Systems 15(2): 61-93.

Zanger, T. (1994). “Understanding organizational diseconomies of scale in R&D:
agency problems and the allocation of engineering talent, ideas, and effort by
firm size.” Management Science 40: 708-729.

Copyright © 2007, Idea Group Inc. Copying or distributing in print or electronic forms without written permission of Idea Group Inc. is prohibited.



0 more pages are available in the full version of this document, which may be
purchased using the "Add to Cart" button on the publisher's webpage: www.igi-
global.com/proceeding-paper/firm-level-determinants-business-process/33098

Related Content

Adaptive Networks for On-Chip Communication

Mario Pereira Vestias (2018). Encyclopedia of Information Science and Technology, Fourth Edition (pp. 4549-
4559).

www.irma-international.org/chapter/adaptive-networks-for-on-chip-communication/184163

Challenges and Opportunities of VLC Application in Intelligent Transportation Systems
Aleksandra Kostic-Ljubisavljevicand Branka Mikavica (2021). Encyclopedia of Information Science and
Technology, Fifth Edition (pp. 1051-1064).
www.irma-international.org/chapter/challenges-and-opportunities-of-vic-application-in-intelligent-transportation-
systems/260248

The Roles of Digital Literacy in Social Life of Youth

Dragana Martinovic, Viktor Freiman, Chrispina S. Lekuleand Yugi Yang (2018). Encyclopedia of Information
Science and Technology, Fourth Edition (pp. 2314-2325).
www.irma-international.org/chapter/the-roles-of-digital-literacy-in-social-life-of-youth/183943

Information Retrieval

Thomas Mandland Christa Womser-Hacker (2015). Encyclopedia of Information Science and Technology,
Third Edition (pp. 3923-3931).

www.irma-international.org/chapter/information-retrieval/112833

The Competitiveness Evaluation of Performing Troupes Using Principal Component Neural
Networks

Zhensen Liangand Yuanzhen Zhao (2025). International Journal of Information Technologies and Systems
Approach (pp. 1-18).
www.irma-international.org/article/the-competitiveness-evaluation-of-performing-troupes-using-principal-component-neural-
networks/389921



http://www.igi-global.com/proceeding-paper/firm-level-determinants-business-process/33098
http://www.igi-global.com/proceeding-paper/firm-level-determinants-business-process/33098
http://www.irma-international.org/chapter/adaptive-networks-for-on-chip-communication/184163
http://www.irma-international.org/chapter/challenges-and-opportunities-of-vlc-application-in-intelligent-transportation-systems/260248
http://www.irma-international.org/chapter/challenges-and-opportunities-of-vlc-application-in-intelligent-transportation-systems/260248
http://www.irma-international.org/chapter/the-roles-of-digital-literacy-in-social-life-of-youth/183943
http://www.irma-international.org/chapter/information-retrieval/112833
http://www.irma-international.org/article/the-competitiveness-evaluation-of-performing-troupes-using-principal-component-neural-networks/389921
http://www.irma-international.org/article/the-competitiveness-evaluation-of-performing-troupes-using-principal-component-neural-networks/389921

