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Abstract

Whereas Business Intelligence initiative has been a primary focus many organisations globally for several years
and accounting for billions of dollars in capital expenditure, empirical research remains sparse on the actual impact
derived from this investment. Even when the benefits are established, its indirect and delayed impact on business
results make it difficult to assess its value. Available literature on how insights triggered by Business Intelligence
are transformed into profitable business learning is vague and fragmented. Hence, the main objective of this study
was to establish the influence of complementary resources on the relationship between Business Intelligence
capability and firm performance. The study used interdisciplinary theories to achieve the research objective,
namely, Information systems capability theory and organisational learning. The study was performed using a mixed
methods research methodology and cross-sectional approach. Data was collected from 64 public listed companies
in Kenya. Findings indicated that complementary resources have a positive and significant impact on the
relationship between Business Intelligence capability and performance. The study contributed to theory by
building a framework for business intelligence assessment, including factors that significantly lead to improved
performance. The results also provide new insights into the existing literature and suggest directions for future
research with implications for academia, policymakers and management.
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1. Introduction

The prevailing global business environment is fast changing, complex and characterized by enormous amounts of
data originating from multiple sources. Unfortunately, the high volume of data generated cannot be handled by
traditional technologies (Sirin & Karacan, 2017). However, rapid advancement in technologies in the last decade
has made processing of data easier, subsequently enabling firms to handle huge volume of data at excessive speed
and in various forms such as images and web pages (Sirin & Karacan, 2017). The concept of Business intelligence
(BI) has gained broad acceptance and is deemed as a hallmark to the success of an organization in the advent of
globalization (Sebanescu, 2012; Isik, Jones, & Sidorova, 2013). BI centres on remodelling raw data into usable,
valuable and actionable facts (knowledge). New knowledge generated contributes to success of an organization by
enabling stakeholders make better decisions (LaValle et al., 2011). A study of over 400 Information and
communication Technology (ICT) experts compiled from 93 countries suggested that BI is one of the critical
investments in organisations (Arefin et al., 2015). BI global investment was expected to hit $18.3 billion in 2017
and by the end of 2020, the market is predicted increase to $22.8 billion (Moore, 2017).

In Kenya, expenditure on information technology increased by 11% from $2.28 billion in 2016 to $3.45 billion in
2017 (Kenya National Bureau of Statistics, 2018). However, in contrast, the performance of corporate institutions,
especially public listed firms, has been declining (Kinuthia, 2018). Share index declined from 3607 points to 3285
points in 2018, a 9% drop (CMA Annual Reports, 2018). Recent profit warnings by listed firms have led to
significant decline in share prices, consequently eroding investor’s value. Publicly listed firms play a vital role in
economic development hence, solid and sustained performance in such companies is imperative. Data is
recognized as a resource and can be exploited by the use of BI systems to improve profitability and competitiveness
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(Fink et al., 2017), thereby revising the downward trend of these listed firms. Furthermore, due to shorter product
life cycle, change in social values and demographic patterns, these firms operate in a moderate to rapidly changing
business environment (Audzeyeva & Hudson, 2016). Thus, the capability to detect and respond to such changes
should be developed.

BI literature is fragmented on how BI impact performance (Audzeyeva & Hudson, 2016) and lacks a general
framework to integrate findings on mediating variables (Trieu, 2017). Empirical studies conducted do not address
the element complementary resources adequately (Melville et al., 2004). Thus, Elbashir et al. (2008) reinforced
the need for more research focusing on mediators. Mithas et al. (2011) observed that the relationship between BI
and performance is influenced by strategic planning and leadership. Yogev et al. (2013) noted that the exploitation
and exploration activities in firms have influence on BI-Performance relationship and suggested other factors such
as culture ought to be covered in future research.

The contention as observed is further enhanced by Arefin et al. (2015) who argued that complimenting factors
such as processes, structure as well as culture and strategy, when evaluated BI impact have not been examined
extensively. Trieu (2017) encapsulated this ongoing debate by stating that BI literature is distorted and lacks the
general framework to incorporate the findings and systematically guide research. Hence, the objective of this study
was to establish the influence of complementary resources on the relationship between BI capability and firm
performance to address highlighted inconstancies.

2. Literature Review
2.1 Theories Underpinning the Study

Theoretical foundation underpinning this study include Information Systems (IS) Capability theory by Peppard &
Ward (2004), and Organisational Learning theory (OLT) advanced by Fiol and Lyles (1985). IS Capability theory
accentuates the organisation’s ability and capacity to merge, incorporate, evaluate and reconfigure resources as the
need arises to gain competitive advantage. Hence, the theory advances the concept of BI capabilities adopted in
the research framework. Olszak (2014) pointed out BI capabilities can be combined with available organisation
resources, to realise additional (complementary) resources. Complementary relations are dynamic, complex,
ambiguous and therefore not easy to be imitated by other firms. OLT opines that for a firm to survive in a live
environment, there is a need for a review of actions and processes that contribute to the attainment of the set
objectives (Larsen & Eargle, 2015). Thus, for learning to occur, leaders in the organisation must take deliberate
steps to change strategy in response to changing circumstances, connect action to actual result and the result must
be quantified. OLT included in order to gain understanding on how output from BI enhances learning, thereby
generating new knowledge that leads to improved decisions.

2.2 BI Capability

Drawn from IS Capability theory, BI capability refers to critical functionalities that help organizations to
continually derive and leverage value through BI (Peppard & Ward, 2014; Olszak, 2014; Isik et al., 2013). Fink et
al. (2017) posit that BI capabilities are the core source of value and often are viewed as catalysts for transforming
organisational assets into a competitive advantage. BI capability triggers sustainable competitive advantage and
consequently impacting performance (Arefin et al., 2015). Isik et al . (2013) broadened this concept by
investigating how capabilities of BI play a role from both a perspective of technical as well as organizational. Nine
capabilities involving BI were identified and consequently adopted in this study. Flexibility and risk management
support were categorised under organisation perspective. The authors’ classified data type quality, interaction, user
accessibility, reliability and quality of data sources under technical perspective. Furthermore, a plethora of
literature posits that human capital is a critical resource (Bharadwaj, 2000; Stevens, 2010). Hence, human capital
was operationalised under analytical skills and BI experience.

2.3 Firm Performance

Performance is a multidimensional construct. It centres on the usage of economic performance indicators such as
profitability, revenue growth, and market share (Melville et al., 2004). The study adopts Malcom Baldrige National
Quality Award (MBNQA) framework that specifically measures IT-enabled information flows (Ghosh et al., 2003).
Furthermore, the dimensions used complies with the Wade and Hulland (2004) criteria for appropriate dependent
variables to evaluate benefits prompted by IT that should reflect competitiveness and trends. The Malcom
framework has been used by other researchers such as by Mithas et al. (2011) to validate the four dimensions of
performance adopted in this study. The dimensions include human resource, customer-focus, financial, and
organisational effectiveness, to assess BI impact on performance.
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2.4 Complementary Resources

Complementary resources are assets that help in generation of technology related benefits (Teece, 1986).
Competitive advantage is gained when a firm integrates and deploys available resources (Gupta & George, 2016;
Bharadwaj, 2000). According to Barney (1991), these resources are firm controlled and include wider
organisational capabilities that help to realize values from IT investment. Melville et al. (2004) further classified
complementary resources to include culture, organizational strategy, structure and decision making process.
Denison et al. (2003) posit that culture has four dimensions and include involvement in work, adaptability, mission
and consistency. Arefin et al. (2015) observed that the effectiveness of an organisation is drawn from BI systems
and depends on corporate culture. Organizational strategy is a plan of achieving organisational goals through
interaction with environment. BI systems cannot work in isolation but within the context of competitive
environment and organisational factors such as strategy to enhance performance (Arefin et al., 2015). Organization
structure refers to forms of authority, communication channels and nature of relationships that exist in an
organisation. According to Arefin et al. (2015), the centralisation and decentralization are regular variables
connected with the structure.

2.5 Business Intelligence, Complementary Resources and Firm Performance

Complementary resources emerge as a synergic outcome between IT and other firm resources. Shollo (2013)
conducted empirical study to explore how decision-makers use BI output to shape judgment and make
organisational decisions. The findings confirmed that BI output is utilised by business leaders to tackle illogicality
in the organisation decisions and also to enhance legitimacy of their argument. However, the researcher assumed
decision makers are always rational hence, limiting generalisation of the findings. Past studies provide proof of
incidences where businesses have turned down insights and excellent ideas, only to do exceptionally well when
introduced by other organizations. For instance, Xerox 's decision to defer selling computer hardware (Sharma et
al., 2014). This study argues intricate processes of making decision are usually involved in generating options,
assessing them and committing to a given alternative thus creating a moderating effect.

Imperical information systems research documented a positive effect between firm performance and organizational
culture. For example, Rayat and Kelidbari (2017) confirmed culture has a strong influence on BI effectiveness.
Further more, the effectiveness of BI has a positive impact on organisational effectiveness.The results were
congruous with the investigation of Arefin et al. (2015), who argued that effectiveness of organisations is derived
from systems of BI as dependent on culture at corporate level. Sharma et al. (2014) reported that individuals
involved in decision making are often constrained by organizational norms that inhibit pursuance of new ideas and
can negatively affect the quality and acceptance of decisions, including the firm’s capacity to carry out strategic
resolutions. Fink et al. (2017) assert that business value of BI depends on the complementarity and compatibility
with intended institutional routines through which learning generates new knowledge

Organisation structure is one of the key pillars that create a favourable environment for business information
systems success (Arefin et al., 2015; Denison et al.,2003). Empirical study carried out by Arefin et al. (2015) in
Bangladesh confirmed that BI systems is more effective in impacting firm performance in a situation where there
is decentralized structure and speedy relay of information to top management. The connection between
organisation strategy and BI effectiveness is therefore apparent (Rayat & Kelidbari, 2017). Trieu (2017) noted that
there is an absence of research that reviews the complementary connections between BI resources and BI impact
to help the organisation better comprehend process of value. BI system provides information to the top
management thus enabling them to make sound decisions that have an impact on organisation’s performance.
Hence, it is hypothesised that:

Ho1: Complementary resources have no effect on the relationship between BI capability and firm’s performance.
3. Methodology
3.1 Research Design and Population

The study adopted a mixed cross-sectional design, which involves combining elements of qualitative as well as
quantitative approaches (Johnson et al., 2007). The rationale to adopting this design include the ability to harness
the strength of different methods, provides deeper insights into phenomena that are enigmatic when only using
quantitative or qualitative methods, tackle research issues involving real-life understanding of the context, multi-
level view and influence of culture (Yu & Khazanchi, 2017; Johnson et al., 2007). Population for this study were
NSE firms totalling 64 as at 31st December 2018. All listed companies were contacted to participate in the study.

3.2 Data Collection and Analysis
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Data was collected using a structured questionnaire. Five-point Likert scale with items ranging from 'l = not at all'
to '5 = very large extent' was selected in preparing the questionnaire. Data was collected from IT Manager/Chief
information Officer and Finance Manager/Finance Director in each firm. This is because they were considered to
be key informants with information on study objectives (Kim et al., 2011). A total of 64 questionnaires were
presented through drop and pick method. The researcher applied the SEM analytical technique to analyse the data,
assess the measurement model, confirm the model's fit and check the convergent and discriminating validity of the
constructs. Specifically, PLS-SEM was applied to test hypothesis using SmartPLS version 3.0. PLS-SEM is
appropriate tool explaining changes in key construct caused by other constructs coupled with ability to function
with small sample size (Hair et al., 2014).

4. Findings
4.1 Assessment of the Measurement Models

Indicator/item reliability, Internal Consistency reliability, convergent validity and discriminant validity were
applied to evaluate the reflective measurement model. The indicators that fell short of 0.6 were dropped in
evaluating reliability as per the recommendations of Chin (1998) that loadings above 0.6 are ideal. The internal
consistency was based on Cronbach's alpha that estimate observed correlations among and within variables (Hair
et al., 2017). However, Hair et al. (2017) recommended the use of composite reliability because the alpha of
Cronbach is responsive to the number of items in the scale and often underestimate the reliability of internal
consistency. The reliability based on composites in study was as follows; BI capability 0.926, complementary
resources 0.904 and financial performance 0.880. These surpassed the minimum criteria of 0.7 as shown in Table
1.

Table 1. Construct internal consistency reliability

Construct Cronbach's Alpha Composite Reliability
BI Capability (BC) 0.914 0.926
Complementary Resources (CR) 0.880 0.904
Financial Performance (FP) 0.843 0.880
Organisational Capabilities (OC) 0.877 0.906

Convergent validity is the degree to which observed variables are highly correlated with a construct (Wong, 2013).
The Average Variance Extracted (AVE) of each latent variable was assessed to verify convergent validity. It is
confirmed when AVE values are greater than the acceptable threshold of 0.5 (Wong, 2013; Fornell & Larcker,
1981). The AVE values for BI capability was 0.513, complementary resources 0.513 and firm performance 0.514,
above acceptable value of 0.5. Furthermore, when constructs differ empirically, the discriminant validity is
established (Hair et al., 2014). Henseler et al. (2015) offered an alternative technique for assessing discriminant
validity known as the heterotrait-monotrait correlation ratio (HTMT). Discriminatory validity is confirmed when
HTMT value is below 0.90 (Garson 2016; Henseler et al. 2015). As indicated in Table 2 discriminating validity
for all pairs of latent constructs was confirmed.

Table 2. Heterotrait monotrait ratio

BC CR FP
BC
CR 0.816
FP 0.478 0.734

4.3 Structural Model Evaluation

Assessment of the hypothesized relationship within the inner model begins after confirmation of the external
model's reliability and validity (Hair et al., 2014). Hair et al. (2017) specified that the main criteria for evaluation
of the PLS-SEM structural model is coefficients in path showing significance together with R? values, the effect
of 12 size, Q? vales, and the q? effect size the effect as explained hereunder. However, the model was first assessed
for collinearity issues by applying variance inflation factor (VIF) proposed by Hair et al. (2017). A well-fitted
model without multicollinearity should have less than 5.0 VIF coefficients (Garson, 2016). All the VIF values (BI
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capability was 2.916 and complementray resources 2.883) were below 5 for the predictor constructs, suggesting
lack of multicollinearity.

Predictive Power (R?) is a measure of the predictive accuracy of the model. As a general thumb rule, R? values of
0.75, 0.50, or 0.25 may be defined as significant, moderate, or weak respectively (Hair et al., 2017; Garson, 2016).
Predictive power on firm performance was; R?=0.458. This indicates that 45.8% changes in firm performance can
be explained by BI capability and complementary resources. The predictive power was moderate. The Cohen’s 2
measure evaluates how strongly an exogenous construct helps to explain identified endogenous construct in
relation to R2. According to Cohen (1988), the criteria for assessing f2 are that values of 0.02, 0.15, and 0.35,
representing small, medium, and large effects, respectively. Based on the value extracted, BI capability has a large
predictive power on complementary resources (f2 value of 1.242). The moderating effect of complementary
resources was 0.082.

Stone-Geisser's Q? is a metric to test the inner model's predictive relevance by conducting the blindfolding
procedure. According to Chin (1998), Q? values greater than 0 demonstrates the model has predictive relevance to
a specific endogenous construct. The values below 0 on the other hand, indicate a lack of predictive significance.
The current study resulted in complementary resources Q? value of 0.258 and firm performance value of 0.209
presented in Table 3. Hence, the model shows fairly high degree of predictive relevance for endogenous constructs
(that is complementary resources and firm performance).

Table 3. Cross-validated redundancy (Q?)

SSO SSE Q? (=1-SSE/SSO)
Complementary resources 495 367 0.258
Firm performance 385 304 0.209

The size of the q2 effect is used to evaluate the relative predictive relevance of exogenous variable. Values of 0.02,
0.15, and 0.35, respectively, demonstrate that an exogenous construct has a small, medium, or large predictive
relevance (Hair et al., 2017). g? effect size for BI capability, complementary resources and organisational
capabilities was 0.01, 0.09 and 0.02 respectively. The results indicate complementary resources has size effect
0.09, implying medium effect on the model predictive relevance if omitted compared to the two other constructs.

4.4 Hypothesis Testing

The structural model of this study was evaluated using the path coefficients. The current study applied
bootstrapping with 500 resamples to measure t statistics and P values (Chin, 1998). This facilitated the assessment
of the path coefficients statistical significance. The mediation effect was assessed using a four-step process
(Schultheis, 2016), as shown in Figure 1.

Step 1
Independent Variable BC 4'. Dependent Variable FP
Step 2 / Mediating Variable CR Step 3
Independent Variable BC |~ Step 4 Dependent Variable FP

Figure 1. Mediation process

Adopted from MacKinoon, 2007; Sobel, 1990 and Schultheis, 2016.

Step one assessed the significance and nature of the BI capability (BC) and firm performance (FP) relationship.
The results showed that there is a significant (t-value = 4.964) and a positive relationship (beta value = 0.353),
suggesting that BC has an effect on FP.

Step two then tested the relationship between BC and a mediating variable, complementary resources (CR). The
finding reveals that BC has an impact on CR with the results showing that there is a significant (t-value = 12.523)
and a positive (beta = 0.746) relationship between these two constructs.

Step three tested the effect of the mediating variable CR on the dependent variable FP. The findings showed that
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there is a significant (t-value = 12.583) and a positive (beta = 0.683) relationship between CR and FP.

Step four evaluated the influence how BC and FP is mediated by CR where results confirmed a relationship change
when CR is introduced to the equation. The insignificant was observed immediately CR was considered to BC and
FP interactions (B = -0.103, t-value = 0.484 < 1.96 @ 95% confidence). However, the indirect bath between BC,
FP and mediating variable CR was significant and positive (B = 0.558, t-value = 3.600, p-value = 0.000, R?= 0.458
and f2 = 0.36). Meanwhile, the path between mediating variable CR and FP remained positive and significant (t-
value = 4.434, p-value 0.000 and B = 0.750). The result complies with condition set by Baron and Kenny (1986)
when assessing mediation effect.

The next phase was to determine the magnitude of mediation. This was done by determining the accounted
variance for (VAF). It is observed that, VAF below 20% indicate no mediation, between 20% and 80% indicate
partial mediation (Hair et al., 2014). Computed VAF 80% was 61%. Therefore, the conclusion based on the
findings is that the relationship between BC and FP is partially driven by CR. Hence, the null hypothesis (Ho1) that
complementary resources have no mediating effect on the relationship between BI capability and firm’s
performance is rejected.

5. Discussion of Findings

The findings from this study indicate a positive and significant effect of complementary resources on how BI
capability relates to firm performance. The findings are in agreement with recent empirical results. For example,
results from research conducted by Rayat and Kelidbari (2017) confirmed culture has a significant impact on the
effectiveness of BI. Fink et al. (2017) reported that business value of BI depends on the complementarity and
compatibility with institutional routines through which learning generates new knowledge. Arefin et al. (2015)
established that BI system is more effective in impacting firm’s performance in a situation where there is
decentralized structure and speedy relay of information to top management. The connection between organisation
strategy and BI effectiveness is also apparent in previous studies (Rayat & Kelidbari, 2017). Empirical research
by Isik et al. (2013 confirmed that decision environment does impact the relationship between BI success and
capabilities.

Qualitative results of this study further confirmed the role of complementary resources. For example, participants
posit that BI is effective in a rational decision making environment. The value of BI is negated in an invironment
where decisions are based on political interest or intuition. It was also evident from qualitative findings that culture
does have an effect on how staff use the application. Organization with conducive culture, enhances staff ability
to digest information from various sources and accept positive organisation changes. Participants also stated that
BI value realization is shaped by strategic direction of the organisation. Management provides necessary financial
resources in developing BI capabilities. This finding conforms to other previous studies. A study by Bergeron et
al. (2004) concluded that firms that perform dismally have weak alignment between IT strategy and business
strategy. BI champions were additional complementary resources that emerged from qualitative data analysis.
Champions play a vital role in persuading employees to embrace organisation vision and adopt new technology.
They are a major part of Bl communities of interest inside each department and assist in fostering user excitement
to use the application. Yeoh and Koronios (2010) maintained that the role of BI champion is essential to ensure
that the organizational problems occurring during BI deployment are handled carefully.

6. Conclusions and Contributions of the Study

The results of this study demonstrated a positive mediation effect of complementary resources on the relationship
between BI capabilities and firm performance for public listed companies. Therefore, to further improve declining
performance, firms should develop additional competencies around prevailing culture in the organisation, review
the role of BI champions in ensuring they evangelize the use of Bl in their sections, enhance rationality in decision
making process and review organisation strategy aimed at securing management support in allocation of resources
and setting up a tone at the top on the use of BI across the organisation.

In validating earlier conclusions, the present study findings have contributed to the knowledge gap in regard to the
link between BI and firm performance. The results confirmed the complementary resources have significant and
positive mediating effect on performance. Moreover, in support of IS capability theory, the complementary impact
of constructs in the study is largely attributed to enhanced competitive advantage. Complementary relations are
dynamic, complex, ambiguous and therefore not easy to be imitated by other firms. Deployment of an IT
innovation alone is not adequate to improve performance (Peppard & Ward 2004). Therefore, the study advances
knowledge on BI impact by developing an integrated framework that provide a multi-perspective understanding
of BI capability for companies listed on NSE.
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This study offers practical insights to managers and leaders of listed public companies in Kenya. The findings of
this study provide important factors under complementary resources which include BI champions, culture,
decision-making and organizational strategy. For instance, to enhance performance, managers should ensure
decision making process is driven by facts in addition to aligning IT strategy to overall business strategy.
Management can also use these findings to legitimise selection and development of BI champions across the
business. BI champions play a vital role in persuading employees to embrace organisation’s vision and adopt new
technology. The study also offers valuable insight to top management of listed companies of ensuring they provide
unwavering support not only during implementation stage, but throughout the system life cycle. The overall
confirmation of a positive and significant impact of BI in performance provides required reference to other
individuals spearheading investment in BI solution.

7. Study’s Limitations and Recommendation for Further Research

Although this study has provided useful insights, it has some limitations. First, the analysis of this study was based
on cross-sectional data. While cross-sectional approach is probably used in research because of ingrained cost and
time advantages, it does not have the ability to explore all BI benefits. IT related benefits accrue over a long period
of time. In future research, the longitudinal research design could be used to improve on reliability of performance
data. Second, data was collected from listed firms in Kenya and that could limit generalizability of study findings
to other developing countries. Cultural assumptions of a population vary from country to country and hence, the
results of the analysis can therefore be restricted to Kenya. Therefore, a similar study can be conducted in other
developing countries to further validate highlighted findings.
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