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ABSTRACT

Big data analytics capability (BDAC) is widely claimed to improve organisational agility, but the mechanism through
which it does so, the conditions under which the effect is stronger, and the sample sizes needed to test these claims are
seldom specified before data are collected. This paper develops an empirical research model in which BDAC affects
agility both directly and indirectly through data-driven decision-making capability (DMC), with environmental
dynamism moderating the direct path. The model is grounded in the resource-based and dynamic-capabilities
perspectives and in prior empirical work on information-technology capability and agility. Rather than reporting field
estimates, the paper validates the model’s testability through a simulation harness: survey-type data are generated from
the hypothesised structural relationships with indicator reliability of 0.80, and the mediation and moderation analyses
are run on samples of 100 to 500 firms. The indirect effect is detected with bootstrap confidence intervals in 98% of
samples at N = 100 and in every sample at N > 200, while a worked example at N = 400 recovers the direct, indirect and
interaction effects with the expected attenuation from measurement error (observed coefficients of 0.36, 0.46 x 0.27 and
0.10 against design values of 0.30, 0.50 x 0.40 and 0.20). The paper specifies measurement, sampling, analysis and
robustness procedures for a field study and argues that simulation-based pre-validation should become standard
practice for empirical models in information-systems and strategy research.
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INTRODUCTION

Organisational agility, the capacity to sense and respond
to change quickly and effectively, is a central concern of
strategy and information-systems research [1], [2].
Investments in big data analytics are frequently justified
by their expected contribution to agility: better data and
faster analysis should let firms detect shifts in markets
and operations earlier and respond with more
confidence. Empirical studies have related big data
analytics capability (BDAC) to firm performance [3] and
have elaborated the resources that constitute the
capability [4], but the specific link to agility and the
mechanism behind it remain underspecified.

Three gaps motivate this paper. First, mechanism:itis
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advance. Third, testability: mediation and moderation
hypotheses require adequate samples, and the sample
sizes typical of firm-level surveys may be insufficient for

unclear whether BDAC affects agility directly, by
shortening sensing and response cycles, or indirectly, by
changing how decisions are made. Second, contingency:
dynamic-capabilities theory implies that the value of
sensing capabilities depends on environmental
dynamism [5], but the direction and size of this
contingency for BDAC are rarely hypothesised in
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the interaction terms that contingency hypotheses
demand.

This paper addresses the gaps by developing a
research model with explicit hypotheses, specifying its
measurement and analysis, and validating its testability
through simulation before any field data are collected.
The simulation establishes the sample size at which the
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hypothesised effects can be detected and documents
how measurement error attenuates the estimated
coefficients, which informs the choice of estimation
method for the field study.

THEORETICAL BACKGROUND

Big data analytics capability

Gupta and George [4] conceptualised BDAC as a bundle
of tangible resources (data, technology, basic resources),
human resources (technical and managerial skills) and
intangible resources (data-driven culture, organisational
learning). Wamba et al. [3] showed that BDAC relates to
firm performance and that the relationship operates
partly through process-level dynamic capabilities. Both
treatments rest on the resource-based view [6], in which
capabilities that are valuable, rare and hard to imitate
yield advantage.

Organisational agility

Overby, Bharadwaj and Sambamurthy [1] defined
enterprise agility as the ability to sense environmental
change and respond readily, and identified information
technology as a key enabler. Lu and Ramamurthy [2]
found that IT capability improves both market-
capitalising and operational-adjustment agility. Teece,
Pisano and Shuen [5] framed the underlying dynamic
capabilities as sensing, seizing and transforming, and
argued that their value rises with environmental
turbulence.

Data-driven decision-making as a mechanism

A plausible mechanism linking BDAC to agility runs
through decision-making. Analytics capability changes
the information available to decision-makers and the
speed with which it can be acted upon; organisations
that institutionalise data-driven decision-making can
respond to signals without the delays of hierarchical

escalation. Data-driven decision-making capability
(DMCQ) is therefore proposed as a mediator.
RESEARCH MODEL AND
HYPOTHESES

The model has four constructs: BDAC, DMC,
organisational agility (AGIL) and environmental

dynamism (DYN).

H1. BDAC is positively associated with DMC.

H2. DMC s positively associated with AGIL.

H3. BDAC has a positive direct effect on AGIL,
controlling for DMC.

H4. The indirect effect of BDAC on AGIL through DMC
is positive (mediation).

H5. Environmental dynamism strengthens the direct
effect of BDAC on AGIL (moderation).

In structural form, with all constructs standardised,

DMC = a.BDAC + uj, (M
AGIL = b-DMC + ¢“BDAC + d-DYN
+ g (BDAC X DYN) + uy, (2)

where a and b define the indirect effect ab, ' is the
direct effect and g is the moderation coefficient. H1-H5
correspondtoa>0,b>0,c>0,ab>0and g>0.

MEASUREMENT AND FIELD
DESIGN

BDAC is measured with the multi-dimensional
instrument of Gupta and George [4], DMC with items on
the extent to which decisions at operational and
strategic levels are based on analytical evidence, AGIL
with the market-capitalising and operational-adjustment
items of Lu and Ramamurthy [2], and DYN with
established items on the rate and unpredictability of
change in customers, technology and competition. All
constructs use seven-point scales with three to five
reflective indicators. The intended sampling frame is
medium and large firms across manufacturing and
services, with one senior informant per firm and a second
informant for a subsample to assess inter-rater
agreement. Common-method variance is addressed by
procedural separation of predictor and criterion items
and by a marker-variable test.

Analysis follows the bootstrap mediation procedure
[71, [8] with 5,000 resamples for the indirect effect, and a
product-term specification for the moderation [9].
Because the simulation below shows attenuation from
measurement error, structural equation modelling with
latent constructs is specified as the primary estimator,
with regression on composite scores as a robustness
check.

SIMULATION-BASED VALIDATION

Purpose

Before collecting data, the harness answers two
questions. What sample size gives adequate power to
detect the indirect effect by bootstrap confidence
interval? And how much do regression estimates on
composite scores deviate from the structural parameters
when indicators are imperfectly reliable? The approach
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follows the logic of theory development through
simulation [10].

Design

Latent constructs are generated according to Equations
(1) and (2) with a=0.50, b=0.40, ¢ =0.30,g=0.20and d
= 0, residual variances scaled so that each construct has
unit variance. Observed composite scores are latent
scores plus normal measurement error calibrated to a
reliability of 0.80. For N € {100, 200, 300, 500}, 100
datasets are generated; in each, aand b are estimated by
ordinary least squares on composite scores, and a
percentile bootstrap confidence interval for ab is
computed from 60 resamples. Power is the proportion of
datasets in which the interval excludes zero. A single
dataset with N = 400 is analysed in full to illustrate the
recovered coefficients. Implementation uses scikit-learn
[11].

Results

Table 1 reports power and the mean estimated indirect
effect. At N= 100 the indirect effect is detected in 98% of
samples, and at N = 200 in all samples. The mean
estimated indirect effect is about 0.13-0.14, against a
design value of ab = 0.20; the shortfall is the attenuation
produced by measurement error in BDAC and, more
consequentially, in the mediator, whose error biases b
downward [8]. Figure 1 plots the power curve.

Table 1: Simulated power to detect the indirect effect
(bootstrap percentile interval) and mean estimate, 100
datasets per sample size, indicator reliability 0.80

Sample Power for ab > Mean estimated Design value of
size 0 ab ab
100 0.98 0.141 0.20
200 1.00 0.133 0.20
300 1.00 0.137 0.20
500 1.00 0.132 0.20
1.00 /= - *

0.95

0.90 1

0.85 4

Power to detect indirect effect

0.80 4

1(I)0 15%0 2(30 250 3[I)0 350 fl(l)O 45%0 SKIJO
Sample size (firms)
Figure 1: Simulated power to detect the BDAC — DMC —
AGIL indirect effect as a function of sample size.
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The illustrative dataset at N = 400 yields a = 0458, b =
0.272, ¢ = 0.363 and g = 0.096, with R? for agility of 0.33
{Table 2). All signs agree with H1-H5. The direct effect is
slightly overestimated because part of the attenuated
indirect effect is reattributed to the direct path, and the
interaction coefficient is roughly halved because the
product of two error-laden scores has reliability well
below 0.80. These patterns are the standard
consequences of measurement error in mediation and
moderation models and are the reason latent-variable
estimation is specified for the field study.

Table 2: Coefficients recovered from one simulated
dataset (N = 400) compared with design values

Parameter Hypothesis Design  Recovered (OLS on
value composites)

a(BDAC — DMC) H1 0.50 0.458

b (DMC — AGIL) H2 0.40 0.272

c (BDAC — AGIL, H3 0.30 0.363

direct)

ab (indirect) H4 0.20 0.125
g(BDACXxDYN) H5 0.20 0.096

Implications for the field study

Three design decisions follow. A target of at least 200
usable responses provides ample power for H4 under the
hypothesised effect sizes and a margin for smaller true
effects. Because the moderation coefficient is attenuated
most severely, the power analysis should be repeated for
g with smaller assumed values before fixing the sample
target, and the interaction should be estimated with
latent product terms or with corrections for unreliability.
Reporting should include both the attenuated
composite-score estimates and the latent-variable
estimates so that readers can judge the sensitivity of
conclusions to measurement quality.

DISCUSSION

Contribution to theory

The model advances the BDAC literature by specifying
decision-making capability as the mechanism through
which analytics resources become agility, and by stating
the contingency on dynamism as a formal hypothesis. If
supported, the mediation implies that analytics
investments without accompanying changes in decision
processes will yield less agility than expected; if the
moderation is supported, it implies that the agility payoff
of analytics is concentrated in turbulent environments,
consistent with dynamic-capabilities theory [5].
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Contribution to method

Simulation-based pre-validation of an empirical model is
inexpensive and clarifies, before the costly step of data
collection, whether the planned sample and estimator
can answer the research questions. It makes the
expected attenuation explicit, which guards against
over-interpreting small composite-score coefficients,
and it provides a natural pre-registration artefact: the
harness, the hypothesised effect sizes and the decision
rules are fixed in advance.

Managerial relevance

For managers, the model implies that building BDAC is
necessary but not sufficient for agility. The decision-
making processes that consume analytical outputs must
themselves change, and the return on analytics should
be expected to vary with the turbulence of the
environment. These implications are conditional on the
hypotheses being supported in the field.

LIMITATIONS

The simulation assumes linear relationships, normal
errors, equal reliability across constructs and no
common-method variance; each assumption can be
relaxed in the harness, and the field design includes
checks for them. The design effect sizes are judgements
informed by prior literature rather than estimates, and
the power results hold only for those sizes. No field data
are reported, and the recovered coefficients in Table 2
are illustrations of estimator behaviour, not findings
about organisations.

CONCLUSION

This paper proposed a research model in which big data
analytics capability affects organisational agility directly
and through data-driven decision-making capability,
with environmental dynamism as a moderator, and
validated the model’s testability by simulation. The
indirect effect is detectable with high power at samples
of 200 or more, measurement error attenuates mediation
and especially moderation estimates in predictable ways,
and latent-variable estimation is therefore specified for
the field study. The approach offers a template for pre-
validating empirical models before data collection.
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