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ABSTRACT

The quality of the data used in decision-making tasks has important implications for the outcome of these tasks.
Data quality researchers have defined various dimensions for measuring data quality, such as accuracy, currency, and
completeness. Such measurements are intrinsic to the data itself and do not take into account contextual factors related to the
decision-maker or the decision-task. However, recent research suggests that data quality, when assessed by the decision-
makers who use it, is not necessarily perceived as intrinsic, but as subjective and context-dependent. This research
investigates the provision of process metadata - an abstracted description of how datasets are acquired, processed, stored, and
delivered — as a mechanism that affects the end-user’s assessment of data quality. In this study we develop a model for
understanding the associations of both perceptions of intrinsic data quality and process metadata with the outcome of a data-
driven decision task. An exploratory test of the model suggests that both data quality perceptions and the associated process
metadata have beneficial effects on outcomes, when mediated by decision-making process efficiency. The model developed
in this study and the preliminary empirical results highlight the value of embedding quality and process metadata in
computer-supported decision environments to facilitate assessment of data quality.
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executives view data quality management as critical to
INTRODUCTION their organizations [42]. Researchers have responded to
this issue by developing techniques for improving data
quality, such as data cleansing [15], data tracking and
statistical process control [30], data source calculus and
algebra [28], data stewardship [10], and dimensional gap
analysis [17]. These techniques are clearly useful, but
they tend to treat the data in isolation from the business
context in which it is used. Often they do not take into
account important contextual factors such as the task for

Data quality is becoming a critical issue in
information systems due to the rapid growth of data
volumes and their complexity. Poor quality customer
data is estimated to cost U.S. businesses $611 billion a
year in printing, postage and staff overhead alone [8].
Add to this the potential for capital losses and heightened
risk exposure due to poor data quality and it is clear why
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which the data is used, available time, and individual
characteristics of the decision-maker. Such contextual
factors have been shown to strongly influence perceptions
of data quality [36], [16] — perceptions that affect the
decision-making process. Researchers are beginning to
take contextual factors [11] and individual differences
[43] into account when examining data quality. This
paper furthers this research stream, presenting a theory
and preliminary evidence associating process metadata
and perceptions of data quality with objective decision-
making outcomes.

Decisions are made in the context of a particular
task, hence understanding contextual evaluation of data
quality is particularly important when the data is being
used for managerial decision-making. Managerial
decision-making tasks are sophisticated and often
relatively unstructured [24]. Such tasks are activated by
business needs and consist of multiple stages - specifying
requirements,  gathering  information, evaluating
alternatives, and formulating decision outcomes [24],
[26]. The efficiency and success of managerial decision-
making are influenced by a number of organizational and
individual factors, one of which is the quality of
informational inputs [9], [25], [12]. And since the quality
of the data used in decision-making is an important
informational input, understanding data quality is critical
for analytical, data-driven decision-making processes.
With the exception of studies by Chengalur-Smith et al.
[7] and Fisher et al. [11], research on the impact of data
quality on managerial decision-making lags behind the
importance of this phenomenon for organizations.

Metadata is abstracted data about data.
Information systems capture and manage different types
of metadata such as data dictionary metadata,
administrative metadata, and metadata about the system
infrastructure [33]. Quality metadata is an important
component of the metadata layer - a set of quality
indicators attached to the data set such as accuracy,
currency, and completeness. Quality metadata, also
referred to as data tags [38], and data quality information
[11], is considered to be intrinsic to the data and context-
independent [38], [11]. Prior research has established a
link between quality metadata and decision outcomes -
providing users with quality metadata during the decision
process can improve decision outcomes [7], [11].

Another type of metadata that is relevant to data
quality assessment is process metadata [21], [31].
Process metadata describes the processes that created and
delivered the data. It captures information such as data
sources, processing methods, storage units, and end-usage
targets. This study focuses on the role of process metadata
in supporting managerial decision-making in context.
Process metadata can be macro-level metadata — at the

level of the whole dataset — and/or micro-level metadata —
at the level of a specific data element within a large
dataset. Implemented appropriately, process metadata can
help users assess data quality in the context of a particular
decision task. Providing process metadata to business
users can improve their ability to assess data quality and
thus enhance decision-making [32].

Data quality practitioners acknowledge the
potential benefits of metadata for managerial tasks
including decision-support [10], [21]. However, metadata
requirements are difficult to capture, and the costs of
associated software development and training are high.
Further, there are no accepted models for assessing the
value and benefits of metadata and hence organizations
are unable to quantify its value and find it difficult to
justify metadata investments [33]. Our objective in this
research is to understand the impact of providing process
metadata on decision outcomes as a first step towards
justifying the provision of process metadata in decision
environments.

We focus on process metadata because intrinsic
indicators of data quality do not have the same impact on
all decision tasks across contexts. Further, decision
makers may find intrinsic assessments insufficient and
seek additional, external sources of information
concerning the quality of data [32]. Context-independent,
quality metadata can enhance decision-making [7], [11].
At the same time, process metadata can affect perceptions
of quality metadata, influencing decision-making
efficiency and ultimately decision outcomes. This
research investigates process metadata as an additional
source of value that organizations can provide to their
decision-makers to improve decision outcomes.

In this study we present a theoretical framework
and use it to examine how data quality assessment and the
provision of process metadata affect analytical, data-
driven decision-making. Unlike previous studies that
have focused on quality metadata alone, a key
contribution of this study is that it explores the effects of
process-metadata. Following our theoretical assumptions,
process metadata can contribute to data-quality
assessment in context above-and-beyond the contribution
of quality metadata alone. We begin by presenting
theoretical background that reviews the literature on
decision-making processes, data quality assessment, and
metadata. We then propose an exploratory model for
examining the impact of process metadata on decision-
making. We use this model to develop propositions
concerning the role of metadata in data quality assessment
and its effects on the decision-making process and
outcome. In section 3, we describe an exploratory, non-
experimental study conducted as a preliminary empirical
examination of this model. In section 4 we discuss the
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implications of this study, offer our conclusions, and
suggest directions for extending this work.

THEORETICAL BACKGROUND
AND RESEARCH MODEL

We first review the data driven decision-making
literature in order to define the scope of the phenomenon
and describe the research model. We then discuss the two
relevant types of metadata: quality metadata that
represents intrinsic data quality, and process metadata that
supports assessment of contextual data quality. The
research model links users’ perceptions of quality
metadata and the usefulness of process metadata to the
efficiency of the decision-making process and consequent
decision outcomes.

Data Driven Decision-Making Processes

A rich body of literature on managerial decision-
making reflects decades of research, both at the individual
and organizational levels'. Simon established the notion
of decision-making in organizations as a complex and
often unpredictable process [34]. Decision making,
according to Simon, is a complex transformation of inputs
— data gathered from internal organizational sources and
from the external environment — into outputs. Since the
purpose of this study is to understand the effects of
process metadata and data quality on decision-making, we
focus on processes where input data is provided in the
form of a dataset, and the quality of this input data affects
the decision-making process and its outcome.

A high-level and widely accepted classification
of decision-making processes identifies four basic
categories — analytical, judgmental, bargaining and
inspirational [37]. Of these four, we focus on analytical
decision-making processes because of the importance of
data quality to them. Such processes, according to
Thompson, are assumed to be of high certainty due to
their known cause/effect relationships and desired
outcomes. Nutt suggests that often such analytical
decision-making processes are data-driven and use data
obtained from archives, pilots, or simulations to draw
inferences [24], [26]. Data may be presented in various
forms, such as database records, documents, or visual
illustrations such as graphs. In many cases the decision
maker applies quantitative methods and computational
approaches during the analysis process. Analytical, data-
driven decision-making falls within the broader category
of rational decision-making. In rational decision-making,

' See [9] and [12] for a comprehensive review of the
managerial decision-making research

decision-makers enter decision situations with known
objectives, gather appropriate information, develop a set
of alternative actions, and select the optimal one [9]. The
selection here of the analytical, data-driven decision
making archetype reflects our need to control for
potentially confounding characteristics (such as intuitive-
choices of the decision-maker, choices driven by politics,
or the use of information not obtainable from the data
provided) that might obscure the effects of data quality
assessment and the availability of associated metadata.

Efficiency and effectiveness are two important
measures for assessing organizational decision-making
[34]. Effectiveness measures the success of outcomes in
terms of how well they resolve the problem in context,
while efficiency assesses the process that led to these
outcomes. For example, efficiency measures may take
into account the ability to evaluate alternatives, recognize
constraints and fulfill secondary goals with minimal
investment of resources. Researchers have examined
factors that impact both the effectiveness and the
efficiency of decision-making processes, along with
possible synergies between the two. Studies have
investigated how the decision task is defined and framed
[25], managerial creativity [12], the availability and the
performance of decision support technology [22], the
characteristics of the task [6], and the skills and
motivation of the decision-makers [29. Nutt’s findings
indicate a positive association between the efficiency of a
decision-making process and its outcome [27].

Mackay and Elam specifically examine the
interaction between end-users and the decision-making
aid provided [20]. Their findings identify the significance
of the level of expertise on both the outcome and also on
the process that led to the decision. Users who were both
task and software experts were able to reach a good
solution in a more systematic and direct manner,
compared with novice users who tended to spend time on
trial-and-error attempts. Speier and Morris found that the
design of the decision-making aid has significant effects
on the decision outcome, moderated by the complexity of
the decision-making task [35]. Text-based aid was found
to be more efficient for simple tasks, while complex tasks
benefited from the availability of a graphic/visual user
interface. Perceptions of quality metadata (discussed in
the following section) have also been shown to have a
significant effect on the efficiency and the effectiveness
of decision-making [7], [11].

The accumulated theoretical and empirical
research on decision-making reflects the complexity of
the phenomenon. Many factors appear to have significant
effects, as do interactions between these factors. The goal
of this study is to explore the effect of two specific
constructs — data quality perceptions and process
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metadata usefulness — on the outcome of a decision task.
Efficient decision-making processes enable decision-
makers to consider more alternatives, detect constraints
correctly, and apply appropriate evaluation mechanisms,
which can all lead to better outcomes. Thus decision-
making process efficiency plays a central role in
determining outcomes, and we take this into account by
giving decision process efficiency a central place in our
model.

Data Quality and Metadata

Data quality scholars and practitioners define
data quality as a multi-dimensional construct [30], [14],
[10]. Wang and Strong suggest that business users
recognize the multi-dimensionality of data quality and
evaluate data elements accordingly [39]. They identify a
parsimonious set of data quality dimensions that are
perceived by business users as important — accuracy,
relevancy, representation and accessibility. Accuracy
reflects the extent that the data is error free, correct, and
reliable. Relevancy indicates how applicable and usable
the data is for the task at hand. Representation describes
the extent that the data is presented in a manner that is
easy to understand, and accessibility indicates whether the
data is secure and cost-effective to access and use.
Reliability, believability, currency, and completeness are
some other dimensions of data quality that have been
discussed in the literature [2], [39], 14], [32].

An important issue with respect to how people
evaluate data quality is the distinction between intrinsic
and contextual assessment of data quality. Intrinsic data
quality is based on the data elements themselves,
independent of the context in which they are used.
Examples include the accuracy, representation, and
accessibility of the data. The majority of data quality
research has focused on intrinsic data quality. However,
individuals’ perceptions of data quality are influenced by
contextual factors such as the decision task in which the
data is used, the timing of use, and characteristics of the
individual user [36], [16]. Researchers that take into
account the context of the decision-making task
acknowledge the role played by contextual assessment of
data quality. Indeed, one of the most widely accepted
definitions of data quality is the fitness of the data for use
[30].

The need to consider contextual assessment adds
another level of complexity to data quality management.
With intrinsic assessment, measurement can focus on the
dataset alone, making the improvement goals easier to
specify (e.g., 99.999% of the data records ought to be
accurate). However, intrinsic measurements present only
a partial picture of the usefulness of the data to a

particular user. Consider a sales report (i.e., showing item
codes, quantities, cost and selling prices) where some of
the “selling price” values are missing. For decisions
regarding the “shelf-placement” of products, a manager
would need to know which products have the potential to
generate higher profits, and the report with missing
“selling price” data would be “incomplete” for this
decision task. Yet for making inventory decisions (i.e.,
reordering, stocking etc.) this report would be “complete”
since the “quantity” data is available for all products. This
example illustrates the contextual, task-dependent nature
of data quality and suggests that a better understanding of
contextual data quality could improve data quality
management methods.

Campbell’s view of task complexity is useful for
understanding contextual data quality [6]. Campbell
identifies three research perspectives on complexity as it
pertains to information processing: the psychological
perspective looks at subjective aspects of the task such as
enrichment, challenge, and stimulation. The objective
perspective looks at characteristics intrinsic to the task
itself, such as information load and constraints to be
satisfied. Finally, the person-task interaction perspective
investigates the role played by factors relating to both the
person and to the particular task, such as the difficulty of
the task for the person undertaking it, the person’s
experience and familiarity with it, and their motivation to
perform it. Analogously, data quality assessment in the
context of managerial decision-making has objective,
psychological, and task-person interaction components.
Intrinsic data quality invokes objective, invariant aspects
of the data, whereas viewing data quality in the context of
a particular task brings to bear a task-person interaction
perspective to it. For example, when two different
individuals assess the accuracy of the same data element
differently, this reflects differences in their respective
psychologies. When an individual views a data element as
more relevant for the current task than for a different task,
this exemplifies the task-person interaction perspective.
Our interest in this study is to understand how process
metadata affects the perceptions of quality metadata and
vice versa and how, together, these are associated with the
decision process and decision outcome. In this study we
do not examine or manipulate objective or psychological
components per-se, but focus rather on the person-task
interaction perspective to explore how this interaction
affects the efficiency and outcomes of data-driven
decision-making.

For large complex datasets, the human ability to
detect data quality problems is limited. In such cases, data
quantity and complexity exceed the bounded rationality of
users, who can consequently benefit from the provision of
data quality metadata [18]. Helpful abstractions can take
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the form of intrinsic data quality measurements of the
data, based on, among other things, the number of
records, error rate, count of missing values, or the
time/date of last update. As discussed earlier, such
intrinsic measurements are limited in their usefulness
since decision-makers must gauge data quality within the
context of the particular task and these measurements do
not aid in this. So far, information systems have failed to
provide adequate support for assessing contextual data
quality of large and complex datasets.

Process metadata is explored here as a means for
helping decision-makers gauge data quality in context. It
accomplishes this by providing information about the
processes that were used to generate and deliver the data
to the decision-maker. Process modeling and
documentation are not new concepts in information
systems. Information systems professionals commonly
use such techniques for the design and on-going
maintenance of data processing and delivery systems [30],
[3]. Such process abstraction is now recognized as a
special form of metadata [21], [31], [33]. One graphical
representation that communicates process metadata, and
the one used in the empirical investigation described here,
is called an Information Product Map (IPMAP) [31]. The
IPMAP is a modeling technique based on managing
information as a product [40]. It allows the decision-
maker to visualize the flow of data elements and the
sequence in which they were processed. Visualization is
done by a set of constructs that represent different stages
of the data manufacturing process — data source,
processing, storage, quality inspection, organizational or
IS boundary, and data consumer. Each construct is
supplemented with metadata about the stage it represents,
such as a unique identifier, the composition of the data at
that stage, ownership, processing requirements, and
physical location where the step is performed. In this
research we have used the IPMAP to communicate micro-
level® process metadata. While clearly process metadata
may be communicated in many different ways, in this
study we have chosen to use the IPMAP to communicate
process metadata.

Figure 1 shows an example of an IPMAP. The
information product (IP) described is an exposure report
prepared for an advertising director. Regional data is used
to compute the exposure effectiveness (EE) for that region
(e.g., “Compute East EE”). Regional evaluations are then
checked for quality and combined to provide data that
reports the overall exposure effectiveness, which is stored

? In this paper we define micro-level is metadata related to
individual data elements in a dataset as opposed to macro-
level metadata which is metadata about the dataset as a
whole.

in an “Exposure” database. The exposure report is
generated by another process that reads data from this
database and distributed to the consumer of the report.

We illustrate, using a brief example, how the
process metadata in an IPMAP can change users’
perceptions of the quality of the data. Consider the case
where the quality metadata associated with the data
collected from the Northeast indicates that the data is not
of exceptionally high quality but is not very low quality
either (i.e. has a quality level of 70% aggregated over all
relevant data quality dimensions). By examining the
IPMAP the decision-maker can see that the data was
collected, for example, by a market survey agency that the
decision-maker trusts and whose data he has used in the
past with success. Further, the IPMAP reveals that the
data was cleansed using a specific algorithm that has a
proven track-record. These two pieces of process
metadata obtained from the IPMAP may convince the
decision-maker to weight the data from the Northeast
higher than he might have without the process metadata.

Processing data prior to delivery to a user can
include many stages. In such cases the resulting visual
representation is complex — potentially too complex to be
useful to non-technical users. One of the goals of this
exploratory study is to investigate the effects of process
metadata on non-technical users in a visual form - the
IPMAP representation in this case. We are interested in
understanding the extent that decision makers find
visualized process metadata to be useful. And to the
extent that they do, how this affects the efficiency and
outcome of the decision making process. In particular, we
want to explore the impact of process metadata on the
context-dependent evaluation of data quality. While
intrinsic assessment is derived from the granular details of
the dataset contents, process metadata adds an extrinsic
layer to the assessment process, locating the data in the
context of the processes that produced it. For this reason,
we expect it to affect users’ perceptions and assessment of
data quality differently than data quality metadata. This is
not to say that quality metadata is unimportant — it is a
significant informant of quality. However, combining it
with process metadata can provide the business user with
a more comprehensive picture of quality and increase the
user’s confidence on the data and its quality. This leads
the user to believe that he will perform well in the
decision task. Social Cognitive Theory suggests that when
a user is confident of doing well, on an average, the user
does perform well [4]. Thus, process metadata improves
the decision process efficiency of the wuser and
consequently the decision outcome. Our model below
suggests that both process metadata and contextual
quality assessments may have significant positive effects
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on decision-making outcomes, mediated through their

effect on the efficiency of the decision-making process.
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Figure 1 - Sample Information Product Map (IPMAP)

The Research Model

The model presented in Figure 2 incorporates the
efficiency of the decision-making process, data quality
assessment and the perceived usefulness of process
metadata into a framework for understanding how
metadata can influence decision outcomes.

The model posits that perceptions of the
usefulness of process metadata, and assessments of data
quality, both have a significant effect on the decision
outcome. Prior research found that intrinsic assessment, in
the form of quality metadata, directly influences decision
outcomes, as reflected in the model [7], [11]. However,
these studies do not consider the role of process metadata
in the data-driven decision-making. Thus a major
contribution of the model is the addition of perceptions of
process metadata.

The other major contribution of the model is the
proposed mediation of outcomes by the efficiency of the
decision-making process. The logic underlying this
mediation effect is as follows. Organizations can improve
the decision-making processes by complementing data
quality assessment with the provision of process
metadata. Both data quality metadata and process
metadata support the capability of the decision-maker to
perform their decision-making processes efficiently, and
it is this consequent efficiency that drives positive
outcomes. Efficient decision-making processes enable
decision-makers to consider more complex and larger
data sets, support the exploration of more alternatives,
detect constraints properly and apply correct evaluation
mechanisms. Ceteris paribus, support for these
capabilities increase the likelihood that an optimal
outcome will be identified. In this way, the more efficient
the decision-making process, the better the expected
outcome of that process.
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Process
Metadata
Usefulnes
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Outcome

Figure 2 - The effect of quality and process metadata in a decision-making process

Proposition 1(P1 in figure 2) — Decision-making
process efficiency is positively associated with
decision outcomes.

The next proposition investigates the relationship
between assessed data quality and the perceived
usefulness of process metadata. Data quality is assessed
on the basis of actual data values provided to the user,
addressing whether or not the data meets acceptable
quality standards. The process metadata describes factors
that are external to the dataset — such as the data source
and the manipulations that were applied while delivering
it. Process metadata is at a higher level of abstraction
than quality metadata, since it provides details about the
processes used to create the data. Whereas quality
metadata directly describes the data delivered, process
metadata describes the processes used to deliver it. We
suggest that this higher level of abstraction will be most
useful when the quality of data is ambiguous, motivating
the user to seek additional information to resolve this
ambiguity. Consequently we expect that data quality
assessment will affect the perceived usefulness of process
metadata. For example, in cases where the data quality
assessment indicates that the data is of very poor quality,
the user will have an unambiguous notion of the quality of
the data and have little need for additional quality
information in the form of process metadata. On the other
hand, where the results of data quality assessment are
ambiguous or positive, users will be most likely to find
the process metadata useful, either for confirming the

positive quality assessment or for better understanding it.
Thus we expect to find that the usefulness of process
metadata is associated with perceptions of data quality.

Proposition 2 (P2 in figure 2) — Assessed data
quality is positively associated with the
perceived usefulness of process metadata

We next examine the effects of data quality
assessment and process metadata on the decision-making
outcome. Higher quality data reduces the likelihood of
errors, hence is likely to improve the decision-making
outcome. Process metadata serves to confirm or
disconfirm quality metadata and affects the assessment of
data quality. The more useful the process metadata, the
more information available to inform the decision, with
consequent increased potential for achieving successful
decision outcomes. Hence:

Proposition 3 (P3 in figure 2) — Assessed data
quality is positively associated with decision
outcomes.

Proposition 4 (P4 in figure 2) — Perceived
usefulness of process metadata is positively
associated with decision outcomes.

Finally, we suggest that the effects of both
assessed data quality and the usefulness of the process
metadata on the decision outcome will be mediated by the
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perceived efficiency of the decision making process. As
discussed above, we expect the efficiency of the entire
decision-making process to mediate the effect of quality
assessment.

Proposition 5 (P5 in figure 2) — The efficiency of
the decision-making process mediates the
association of assessed data quality on decision
outcomes.

Proposition 6 (P6 in figure 2) — The efficiency of
the decision-making process mediates the
association of the usefulness of process metadata
on decision outcomes.

Our premise in this research is that there is no
clear precedence relationship between perceptions of
process and quality metadata, and the efficiency of the
decision process. In absence of prior theory suggesting a
temporal ordering of these factors, we suggest that these
occur concurrently and recursively.

Our claim in P5 is that the assessed data quality
affects decision outcomes and this effect is mediated by
the decision process. Likewise, P6 suggests that process
metadata affects decision outcomes and that this effect is
mediated by the decision process. Note that hypotheses
P5 and P6 do not presume causal relationships, but
mediation effects. In our model, we are not testing for
causality. Further, we are exploring the possibility that the
synergistic effect of the two types of metadata is greater
than the individual effects of either type of metadata. We
hypothesize that this synergistic effect manifests in a
superior decision process and consequently better
decision outcomes.

EXPLORATORY STUDY

The study described in this section is a
preliminary attempt to empirically assess the concept of
process metadata and its usefulness to the decision maker.
Since the effects of process metadata have not been
previously tested empirically, this study is presented as
exploratory and non-experimental. It seeks to assess the
constructs in the theoretical model, illustrate a method to
conceptualize those constructs, and begins to validate the
model’s propositions. A full-scale test of the model would
require an experimental design based on a robust
conceptualization of the model — a conceptualization that
this exploratory study begins to develop.

Research tool, Task, Participants, and
Procedures

The effect of process metadata on decision
outcomes has not been explored before and introduces
significant empirical challenges, particularly with the
operationalization of the model constructs. A subjective
operationalization (e.g., in a form of a questionnaire) is
vulnerable to  method bias, while objective
operationalization is difficult to implement, particularly
for the “usefulness” and “efficiency” constructs.
Therefore the research tool (Figure 3), utilizing macros
within MS Excel, attempts to combine both objective and
subjective aspects of the model. The tool implements a
marketing decision task of allocating an advertising
budget across multiple types of media — Billboards,
Magazines, Radio, TV — and geographical locations —
East, North, South, West — given a fixed budget. The
allocation aims to maximize the expected number of
people exposed to the campaign, based upon past
exposure efficiency (i.e. the number of people exposed
per advertising dollar spent). To support this decision
task, spreadsheet data was provided indicating the
estimated number of people who would be exposed to
each type of media within each geographical region. The
data also provided estimations of exposure efficiency
history, calculated as the average number of people
exposed to the product per dollar spent on advertising.
However, given the possibility of poor quality data, the
subjects were advised to consider the data quality when
allocating the budget. The performance of the participants
in the decision task was measured by calculating a
geometric-average of two of their scores: the first score
consisted of the estimated number of people exposed (E)
to the advertisement campaign given the budget allocation
— the final solution to the assigned task. The second score
reflected the quality of this solution (Q), based on the
extent that high quality data elements were used to
calculate it.

The input data, including past information on
exposure efficiency, was provided at both an aggregated
level (Figure 3) and at a detailed level of granularity
(Figure 4) for all participants. In addition to the actual
data, users were provided with metadata to enable data
quality assessment. One category of metadata provided
was a set of information product maps (IPMAP), linked
through the main screen. One set of participants received
an IPMAP at a higher level of representation detail (low
process metadata) and another set were given access to a
more detailed IPMAP that was hyper-linked to the first
IPMAP. However, this manipulation of the level of
process metadata was removed from subsequent data
analyses due to the lack of variance it generated. This is
not surprising considering it is a new operationalization of
an exploratory construct. A pilot study was conducted
using ten doctoral students who did not participate in the
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final study. Unfortunately, this limitation was not
apparent in the pilot study, possibly due to the small
sample size.

A second metadata element was a quality
assessment of the input data, pre-evaluated for accuracy,
completeness, currency, consistency and relevance. This
quality metadata was presented to the users in a visual
“traffic light” format — pieces of information with high

quality were highlighted in green, medium quality in
orange and low quality in red. Similar to the input data,
quality assessment was made available at two levels of
granularity — aggregated, on the main screen (Figure 3),
and detailed (Figure 4), available through hyperlinks. All
participants received both the aggregated and detailed
quality metadata.

Allocation Exposure Effectiveness
East1 Morth1 Southl West! Min. Required Allocated
Billboards 0] s25000] §130.000] $25000 10% $35500 $150,000 0K [Ertire Data [ Ezst [T Morth [T7]South [ west
|Magazines $25 000 50 50 $26,000 10% §35,500 $50000 0K
Radio 50 10 $40,000 $26,000 10% §35,500 $65000 0K Billboards 13 12 12 1
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Figure 3: Research tool — Main Screen
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Figure 4: Detailed Data and Quality Metadata

The Excel-based decision support tool allowed
the participants to explore different budget allocations
using a “what if” style to get immediate feedback on the
overall expected level of exposure (E) and an indication
of the decision quality based upon the underlying data
(Q). The final outcome score (S) was calculated as a
geometrical-average (S=VE*Q). While the user navigated
through the different screens, a hidden back-end process
tracked the navigation and the time-spent on each screen.
The progress with budget allocation as well as the use of
different metadata elements was recorded to a database
with an accurate time stamp, that later enabled an
insightful analysis of the users’ work process.

Fifty-one masters-level information systems
graduate students participated in a computer-based
decision-making task. All of these students have

organizational work experience. Participants were all
assigned the same computer-supported, data driven,
decision-making task described earlier. Participants were
given an initial overview of the task by the experiment
coordinator. Included in this overview were the details of
how the final score was to be computed. Participants were
then given 20 minutes to complete the task and were
directed to allocate the budget so as to maximize the final
score. At all times during the task the spreadsheet
interface provided participants’ with their composite
performance score of current allocation and associated
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data quality. Participants were not aware of the progress
or score of the other participants. In order to motivate
them to work to achieve an optimal decision outcome, the
task was conducted as a competition in which cash prizes
were offered to the four participants that obtained the
highest final scores. Participants completed a survey
instrument after finishing the task. The survey consisted
of measures of the model constructs, discussed below.
Participants were assigned a secure code to ensure their

anonymity, and their demographics were reported as part
of the final survey.

Measurement Model and Demographics

To assess the extent that perceptions of metadata
are associated with the decision process and outcome, the
users were provided with a survey. The survey included
previously validated items that had been used to measure
constructs similar to those investigated in this study. It
also included items that were created for this study where
no previously validated ones were available. These items
were developed by one author, revised by the others and
then pre-tested on a sample of ten graduate students who
did not participate in the final test. The dependent
measure consisted of the composite score discussed
above, calculated by weighting the raw decision outcome
score with the intrinsic data quality used to calculate it.
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For quantification purposes these composite scores were
linearly rescaled by setting the maximum score obtained
by the top scoring participant to one and linearly adjusting
all other scores to this scale.

To test perceptions of intrinsic data quality, users
were asked to assess data quality attributes as they
reflected the dataset. Bailey and Pearson offer a large set
of quality attributes for assessing user perception of
information systems and their outputs, which we adopted
as a measurement tool for this study [1]. However, their
instrument does not differentiate between intrinsic and
contextual assessment. Wang and Strong [39], and
Gendron et al. [13] offer a classification of data quality
attributes that differentiates intrinsic from contextual. The
four intrinsic characteristics that are defined by these
studies are believability, accuracy, objectivity, and
reputation. Thus we included items from Bailey and
Pearson’s instrument in the survey that map to these
intrinsic data quality characteristics — reliable, accurate,
reasonable, helpful and useful. Each dimension was
introduced to the users as a separate 7-point Likert scale
question. The results indicate relatively high consistency
among the questions (Cronbach alphas of 0.709). Hence
the results were averaged into one a single measure.

The perception of process metadata usefulness,
as provided in the form of IPMAP, was measured using
two 7-point Likert scale items:

- The IP Map was helpful for understanding data

quality

- I had no problem understanding the

information provided in the IP Map

In order to measure perceived process efficiency,
the following five 7-point Likert-scale survey questions
were developed and validated as discussed above:

- To what extent were you able to work quickly

as you did this exercise?

- The time allocated to the task was sufficient

- This exercise was easy for me

- The process I used to solve this exercise was a

very efficient one

- I found this exercise to be very difficult

The independent constructs show acceptable
internal reliability and discriminant validity. All
Cronbach’s alphas for the tested constructs are within
acceptable bounds (> 0.7) for an exploratory research,
while all Cronbach alphas between constructs were less
than 0.5.

Navigation analysis was used to operationalize
the process efficiency construct objectively by measuring
the actual metadata use, and so provided the outcome
score measurement (linearly rescaled to a 0-1 range, for
convenience). In this way a proxy for decision-making
efficiency was obtained by tracking the score progression
(Figure 5). While some users showed systematic process
by consistently improving their optimal score, others
showed inconsistency and no significant progression.
Inconsistency (F) was measured as the average absolute
residuals around a regression line that represents score
progress over time:

Ny
F, :LZ Y. —a, *T,, — B,|, where:
N, T ’
Fy— Average absolute residual for user [k]
Ny — The number of data points for user [k]
0y, Pk — The slope and the constant coefficients of the
linear regression for user (k)
Ty, — Time point [i] of user [k]
Yy — Score obtained at time [i] of user [k]
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Figure 5: Tracking Efficient versus Inefficient Progress (score) over time
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Participants consisted of 35 males and 16
females, reflecting a gender distribution typical of
graduates programs in management. Participants’ mean
age was 27.6, with standard deviation of 2.6. The mean of
their years of work experience was 4.8, with a standard
deviation of 2.2. There were no significant differences
among constructs due to gender, age or years of work
experience.

To gauge mediation effects (suggested by
hypotheses P5 and P6), the model in figure 2 was tested
using path analysis by examining each half of the model
separately. Standardized path coefficients for the model
shown in figures 6a and 6b were first derived using a
series of OLS regressions (O =B;; *Q+ B, * E+e; E=
B21 * Q + € shown in figure 6a and O = B3, * P+ B3, * E
+€; E = P4 * P +€ shown in figure 6b). The partial direct
effect of assessed data quality (B;; = 0.201 in 6a) and
process metadata usefulness (B;; = 0.201 in 6b) on
decision outcome are small, but significantly non-zero in
the presence of decision process efficiency. The path

Assessed
D ata
Quality (Q)

Decision
Process

coefficients of assessed data quality to decision outcome
when assessed without decision process efficiency (f =
0.356) and process metadata usefulness to decision
outcome when assessed without decision process
efficiency (B= 0.371) are significantly larger than the path
coefficients between the same two and decision outcome
(B11, P31 = 0.201 respectively) in the presence of decision
process efficiency. Further, the path coefficients of the
paths between decision process efficiency and decision
outcome (B, = 0.545 in 6a and B3, = 0.529 in 6b) is
significantly greater than zero in both cases. This
preliminary examination suggests that decision process
efficiency may partially mediate the effects of both
assessed data quality and process metadata usefulness on
decision outcome. This analysis also suggests that the
direct effects of assessed data quality and process
metadata usefulness on decision outcome do exist and that
the mediation by decision process efficiency is only
partial.

E fficiency (E

Decision
Outcome (O)

B,, = 0.545

Figure 6a: Path model with standardized path coefficients for Q and E on Outcome

Process
Metadata
Usefulness (P)

Decision

Decision

Process
E fficiency (E

Outcome (O)

Figure 6b: Path model with standardized path coefficients for P and E on Outcome
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Table 1 — Means, Standard Deviations and Correlations of the tested variables

Variables Mean STD Items Cronbach 1 2 3 4
Alpha

1. Intrinsic Data Quality 4.53 0.88 5 0.709 0.35* 0.28%* 0.36*

2. Process Metadata 342 1.62 2 0.737 0.35% 0.32* 0.37**

Usefulness

3. Decision-Making 4.00 1.22 5 0.760 0.28% 0.32% 0.59%*

Process Efficiency

4. Decision-Making 0.55 0.04 1 N/A 0.36* 0.37** | 0.59%%*

Outcome

n=>51
*p <0.05 (2-tailed)
** p <0.01 (2-tailed)

Study Results

Due to the relatively small sample size, OLS
regression analyses were used to assess the propositions.
Results of these analyses are shown in table 1. For all
propositions discussed below, regression slopes were
positive. We began by testing the effect of decision-
making process efficiency on the decision outcome (P1)
by regressing the final performance score onto process
efficiency. Results were highly significant with an
adjusted r* of 0.34, F=26.68 (d.f. = 1, 49; p < 0.001). We
then investigated the association between assessment of
data quality and the usefulness of the process metadata.
To test proposition P2, we regressed usefulness of process
metadata onto assessed data quality. Results were highly
significant with an adjusted r* of 0.085, F=5.62 (d. f. = 1,
48; p < 0.05). To test P3, the final outcome score was
regressed onto assessed data quality. Results were again
significant with an adjusted r* of 0.108, F=6.946 (d. f. = 1,
48; p < 0.05). Similarly, to test P4, the final outcome
score was regressed onto perceptions of process metadata
usefulness. Results were again significant, with an
adjusted r* of 0.12, F=7.823 (d. f. = 1, 48; p < 0.01).

To test for and confirm mediation effects (P5 and
P6) we took a typical four-step analytical approach [5].
This necessitates showing that (a) the independent
variable has a direct effect on the dependent variable, that
(b) the mediator has a direct effect on the dependent
variable, that (c) the independent variable has a direct
effect on the mediator and, finally, showing that, (d) in
the presence of the mediator, the effect of the independent
variable on the dependent variable becomes insignificant.
For proposition PS5, the independent variable is the
perception of quality metadata or assessed data quality,
the dependent variable is the performance score, and the
mediator is process efficiency. Step (a) has been
confirmed for P3 and step (b) has been confirmed for P1.
For step (c), perception of process efficiency was

regressed onto assessed data quality. Results were
significant, with an adjusted r* of 0.061, F=4.196 (d. f. =
1, 48; p < 0.05). For step (d), the performance score was
regressed onto perceptions of both assessed data quality
and decision-making process efficiency as independent
variables. Using a stepwise regression, process efficiency
was retained in the model while assessed data quality was
excluded. The final model, excluding assessed data
quality, results in an adjusted 1* of 0.35, F=27.30 (d. f. =
1, 48; p < 0.001). Assessed data quality was excluded on
the basis of t = 1.705 and p = 0.095. All four steps were
thus tested, revealing a significant positive effect
mediation effect of assessed data quality on the decision-
making outcome, confirming P5. The same process was
used to test proposition P6. In this case the independent
variable was the perception of process metadata
usefulness, the dependent variable was again the
performance score, and the mediator was again process
efficiency. Step (a) was confirmed for P4 and step (b) was
been confirmed for P1. For step (c), perception of process
efficiency was regressed onto the perception of process
metadata usefulness. Results were significant, with an
adjusted 1* of 0.085, F=5.623 (d. f. = 1, 48; p < 0.05). For
step (d), the performance score was regressed onto
perceptions of both process metadata usefulness and
process efficiency as independent variables. Using a
stepwise regression, process efficiency was retained in the
model while process metadata usefulness was excluded.
The final model, excluding process metadata usefulness,
results in an adjusted P of .33, F=26.676 (d.£=1,48;p<
0.001). Process metadata usefulness was excluded on the
basis of t = 1.689, p = 0.098. Thus all four steps were
tested and decision process efficiency was found to
significantly mediate the effect of process metadata
usefulness on the decision outcome, confirming
proposition P6. These results confirm the preliminary
observations from the path analysis that the mediation is
partial and that the direct effects of both assessed data
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quality and process metadata on decision outcome are still
significant. Table 2 summarizes the results of all the
propositions tested in this study.

Table 2 — Summary of Propositions Tested

P. | Independent Variables Dependent Variable Adj.R* | F P

P1 | Decision Making Process Efficiency | Decision Making Outcome 0.34 | 26.7 | P<0.001

P2 | Assessed Data Quality Process Metadata Usefulness 0.09 | 5.62 | P<0.05

P3 | Assessed Data Quality Decision Making Outcome 0.11 | 6.95 ]| P<0.05

P4 | Process Metadata Usefulness Decision Making Outcome 0.12 7.8 | P<0.01

PS5 | Decision Process Efficiency mediates | Decision Making Outcome 0.35| 27.3 | P<0.001
Assessed Data Quality

P6 | Decision Process Efficiency mediates | Decision Making Outcome 0.33 | 26.7 | P<0.001
Process Metadata Usefulness

These  exploratory test results provide
preliminary validation of the proposed theoretical model
and encourage further exploration. Even with the small
sample size and relatively homogenous participants,
variability in the tested constructs was detected and many
of the propositions were supported with high statistical
significance. The propositions suggested by the model
were all supported - some to a greater extent (P1, P5 and
P6) and others to a lesser extent (P2, P3, and P4). Overall,
the results suggest that perception of good data quality
and process metadata do contribute to improved decision-
making process efficiency and consequent outcomes. It
should be pointed out, however, that the adjusted R-
Squares obtained are relatively small, suggesting that
while quality assessment and process metadata had
positive effects on decision-making outcomes in this test,
these were certainly not the only influential factors. This
result is not surprising — literature suggests that decision
making processes are complex and are likely to be
influenced by a large number of organizational, cognitive
and technological factors.

In this study, we tested for both direct effects of
process metadata on decision outcomes and indirect
effects in the form of mediation by process efficiency.
The results of the study indicate that these indirect
mediation effects are far more significant than the direct
effects. Similarly, we also tested for the direct and
indirect effects of assessed data quality on decision
outcome. These results were similar, with the indirect
effects being more significant than direct effects.

Although we collected objective measurements
of time spent on the task as a proxy for decision-process
efficiency, the analyses did not indicate significant effects
of time spent. Also, though we manipulated the level of
detail of process metadata (aggregated process metadata

versus granular process metadata) the results did not
indicate any significant effect associated with this
manipulation. When the “extra” process metadata was
available, a human decision-maker, as a “cognitive
miser”, was hesitant to make the additional cognitive
effort required to integrate the metadata into the decision
making processes and possibly ignored it. Superior
presentation and visualization can alleviate the
information overload and must be examined.

While this preliminary validation appears
positive, we acknowledge some limitations of the
experiment. The use of a laboratory setting permitted us
to control for noise but prevented us from replicating a
real-life decision-making scenario. Participants were all
graduate students who were similar in age and were
pursuing the same graduate degree in management. The
decision-making process investigated here focuses on a
specific domain — marketing; a specific type of input data
— numeric; and a specific methodology for obtaining a
solution — optimization within a given set of constraints.
The results of this study can only be generalized to similar
decision scenarios that can be mapped to this context. The
test utilized a relatively small sample size hence the
ability to apply advanced statistical analysis, such as
structural equation modeling, is limited. The process
metadata usefulness construct is conceptualized with two
items — future tests should utilize a more robust measure
or an objective measurement of actual use. Similarly,
future research should consider objective assessment of
decision-making process efficiency (e.g., time to
complete, or consistent progress toward solution) rather
than subjective perception. For these reasons then, we
present our theoretical model as the contribution of this
research, and the validation of it as preliminary only.

Journal of Information Technology Management Volume XVII, Number 1, 2006 63



THE ROLE OF PROCESS METADATA AND DATA QUALITY PERCEPTIONS IN DECISION-MAKING

IMPLICATIONS AND
CONCLUSION

This study was conducted to investigate data
quality assessment in decision-making and the role of
metadata in this process. High quality input data is critical
for managerial decision-making. Users need to be able to
gauge the quality of their input data for each decision
context they face. To that end, we have proposed a model
that incorporates quality assessment and process
metadata. We have also presented a preliminary empirical
validation suggesting that these factors can affect
objective decision-making outcomes.

In the test performed, decision process efficiency
was shown to have a significant association with
performance outcomes, confirming the results of prior
research linking the efficiency of the decision making
process to its outcome [27]. The mediation effects
detected in this study have not been previously identified
and contribute to our understanding of the data quality
assessment process. They support the notion that the
decision-making process is a primary determinant of
outcome, and that factors that affect this process will
ultimately affect its outcome. Since the effects of
metadata are indirect, these mediation findings align with
the view that the merits of data quality assessment and
associated metadata are not easy to detect or to quantify.
They may also explain why previous researchers [7], [11]
in this area have had difficulty identifying direct effects of
metadata on decision-making outcomes.

Results support the hypothesized positive
association between assessed data quality and the
perceived usefulness of the process metadata. One
explanation of this phenomenon is that process metadata
is complementary to quality metadata, providing
additional information about the sense of quality achieved
through the assessment of data quality. When users assess
data as being of poor quality on the basis of intrinsic
indicators, the addition of supporting extrinsic
information is redundant — the data has already been
shown to be unacceptable for use in that task. On the
other hand, when users assess the data quality to be high
or even moderately high, process metadata can help to
confirm (or not) this level of quality by enriching the
context with metadata about its production process.
Further, the process metadata may provide additional
insights that can explain assessed data quality values.
These insights in turn can help decision-makers better
gauge the quality of the data they are using in the context
of the particular decision-task. We did not explore the
mechanisms underlying how decision-makers integrate
their understanding of data quality with the decision

context to gauge data quality in situ. A better
understanding of this synergy, as reflected in the
association between the two types of metadata, presents
an interesting avenue for further research.

Despite the empirical limitations of the study, its
results have important implications for future research on
data quality management and for the design of decision-
support environments. Large data volumes, widely
distributed data sources and multiple stakeholders (i.e.,
data providers and data consumers) characterize current
organizational settings. Mobile and wireless technologies
have increased these volumes, further distributing data
sources while permitting access to data anywhere,
anytime. Such environments empower and necessitate
decision-makers to react more quickly to events that
demand decision-making, including mission-critical ones.
Decision-support in such environments demands efficient
data quality management. Our findings support the
common-sense notion that when participants perceive
good input data quality, their sense of decision-making
efficiency as well as their decision outcomes are
improved. This, pending further corroboration, has clear
implications for user-interface design and the importance
of communicating data quality to end-users. Having a
sense of the quality of their data seems to enable users’ to
utilize the data more efficiently and effectively.

An association between assessed data quality and
the usefulness of process metadata also has implications
for the design of decision support systems. Providing the
decision maker with intrinsic data quality measurements
and/or providing tools to gauge the same is important but
insufficient. Since the relevant data may come from
multiple sources that span organizational and business
boundaries, it is helpful to be able to gauge these sources
and the processes used by them to create and transfer the
data. Providing an additional layer of information about
the data manufacturing process complements intrinsic
quality assessment and enhances the efficiency of the
decision process.

A related issue is the presentation of intrinsic
quality metadata and how decision-makers absorb this
information. It was interesting to note the high correlation
among indicators of quality along the different quality
attributes included in the survey. In this study,
participants were not able to distinguish significantly
between these attributes. This contradicts the widely
accepted precept of the multi-dimensionality of perceived
data quality. In prior research, data quality has been
represented as a set of attributes [3], [30]. Such
representation is useful because it enables information
system practitioners to identify specific areas for quality
improvement [14]. Other findings support the notion that
multi-dimensional presentation is beneficial to business
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decision-makers, by showing that they can distinguish
between different aspects of quality [39]. Our results
indicate that, in the context of this experiment, users
could not clearly distinguish between the various data
quality dimensions.  Since these results contradict
previous findings regarding multi-dimensional quality
perceptions, these results suggest that the topic needs
further investigation.

Findings from this study support our assertion
that the metadata layer can serve as a tool for
communicating data quality to business users. The
provision of both types of metadata proved to have a
significant effect on both perceptions of decision process
efficiency and final outcomes, for this task. However,
there are many different presentation formats for
communicating both quality and process metadata. This
research is an initial foray into understanding how
indicators of quality can aid organizational decision-
makers. We need to understand which presentation
formats are most helpful for communicating which types
of metadata. For example, we need to investigate whether
indicating intrinsic quality using each relevant dimension
(e.g., accuracy, completeness, timeliness) is preferable to
indicating intrinsic quality using a single aggregated value
— an overall quality indicator. We also need to explore
which aspects of the process metadata are most useful: Is
the entire IPMAP useful or are there particular parts of it
that are more useful than others? These are only two of
the many issues that this stream of research needs to
address.

This study focuses on the effects of quality
assessment and process metadata, but does not rule out
other factors that could also have affected the perceived
efficiency of this decision process, for example users’
experience with similar tasks, level of comfort with the
user-interface, familiarity with spreadsheet software, or
individual motivation. Thus while results indicate that
perceptions of data quality and usefulness of process
metadata significantly affect decision-making process
efficiency, we cannot eliminate the possibility that other
factors may be operating here. We argue that perceptions
of data quality and the usefulness of process metadata are
transformed into an efficient decision-making process that
in turn results in high performance outcomes, but this
study was not designed to explain the micro-mechanisms
underlying this transformation process. Additional
research is necessary to understand this transformation.

Other important questions concern the nature of
the decision-making task — which tasks are most
amenable to metadata support? How does the nature of
the task determine which presentation formats are most
effective for communicating metadata information?
Finally, we need to understand the way that the two types

of metadata interact with each other and the extent to
which this is a function of the particular presentation
format used.

Prior research on process metadata examines it
from the perspective of a technological solution for data
quality problems. For example, it can help detect the root
causes of quality failures, improve the design and
monitoring of data processing and enhance capabilities
for error detection and correction. However, these issues
are all the concern of the data quality manager rather than
the consumer of the data. This perspective tends to
assume that data quality problems can be eliminated. Yet
there is increasing evidence that organizations cannot
completely eliminate such problems, particularly as the
quantity and complexity of organizational data grows
[30]. To the extent that organizations cannot always
provide their users with the highest quality data, users
increasingly need to assess the quality of the data they use
in their work. And they do this assessment in the context
of particular decision-making tasks. Thus it is important
to understand how individuals assess data quality in
context, and the effects of this process on decision
outcomes. Metadata offers a means to integrate intrinsic
and contextual aspects of data quality assessment,
offering the possibility of better data process management
and data quality assessment.

As organizational data continues to proliferate,
data quality hazards will introduce growing challenges in
organizations. Metadata offers technical, managerial and
psychological avenues for addressing these challenges
and represents an important research domain. This
exploratory study contributes to this domain by offering
insights into factors that affect individuals’ performance
during analytical, data-driven decision-making.
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