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Abstract
The selection of variables to collect in empirical pilot studies is critical due to time, financial and sample size
limitations. The collection of patient data in the healthcare system poses additional concerns due to patient privacy,
incomplete data and clinical feasibility. The existence of these intrinsic pilot study and healthcare constraints
requires a strategic selection of study variables to maximize the variability explained in the patient population and
knowledge gained from data analysis. We propose a value tree analysis to select data collection strategies
(combination of study variables) that produce the highest preference value for the researcher while also taking into
account the interests of other study stakeholders (patient, provider, clinical staff, Institutional Review Board, etc.). In
the first stage (problem structuring), the decision context is framed to define the pilot study environment and
stakeholder values that may impact the study design. The study objectives, decision alternatives and attributes are
then generated to consider tradeoffs among conflicting criteria and stakeholder interests. In the second stage
(preference elicitation), decision attributes are weighted using Analytical Hierarchy Processing and a value function
is used to elicit the decision maker‟s preference for each variable combination. Value tree analysis is a low cost and
low computation approach for time-sensitive variable selection in empirical pilot healthcare studies. The proposed
approach provides a structured and strategic decision-making process that accounts for pilot study and patient data
constraints and maximizes value for study stakeholders.
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1. Introduction
Data collection in healthcare is a vital process to insure current evidence is available to inform and support
healthcare practitioners in clinical decision making. Clinical evidence includes: patient-centered research on the
effectiveness of behavioral interventions; the accuracy and precision of diagnostic tests; the power of prognostic
markers; and the efficacy and safety of therapeutic, rehabilitative and preventative regimens. Collecting accurate and
statistically acceptable data in the healthcare system is a complex process due to resource and patient privacy
constraints. Testing research on a small sample to insure data collection accuracy, statistical variability and
significance before embarking on the main study is critical. Just as new clinical procedures are tested before being
widely used, aspects of the research process should also be piloted. Thus, a „pilot‟ or „feasibility‟ study may involve
conducting a small-scale version of the full study or trying out a particular research instrument such as a survey,
interview technique or other data collection measure.
One of the advantages of performing a pilot study is that it may provide advance warning of potential failures in the
main research project or whether proposed protocols, methods or instruments are ineffective [1,2]. In addition, a
pilot study can be used to convince funding agencies that a research proposal for the main study is worth funding.
Pilot studies can be based on quantitative and/or qualitative methods and large-scale studies may employ several
pilot studies prior to starting the main study. Many researchers may start with a qualitative data collection and
analysis on a relatively unexplored topic and use the results to design a subsequent quantitative phase of the study
[3].
In many research papers, pilot studies are only reported as a means of justifying the methods. This justification
might refer to the overall research design, or simply to the validity and reliability of the research tools. It is
uncommon for reports of pilot studies to include practical problems faced by researchers in the data collection
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process. Pilot studies are relevant to provide guidance for the best practices in research, but their potential to aid and
help inform the design of empirical studies for other researchers has largely been ignored. This paper aims to
provide guidance on addressing some of the major issues facing healthcare system researchers involved in empirical
pilot study design. These issues include the selection of variables to be measured when several data collection
constraints and conflicting decision-making criteria are present.
Multi-Criteria Decision-Making (MCDM) can be used as an approach to evaluate several aspects of proposed pilot
study design alternatives. MCDM is a discipline aimed at supporting decision makers faced with making numerous
and sometimes conflicting evaluations [4]. The identification of study objectives and alternatives in a healthcare
setting involves all stakeholders that may be impacted by the proposed pilot study. These individuals include
healthcare providers, the study participants, clinical staff and administrators, individuals responsible for collecting
and analyzing the data and funding agencies. In addition, the Institutional Review Board (IRB), responsible for
approval and monitoring of studies involving human subjects at the researcher‟s organization, will have primary
interests in protecting the study participant [5]. Stakeholders will likely have conflicting interests and decision
making criteria, thus necessitating the use of a MCDM approach.
Value tree analysis is an MCDM tool that mathematically weights the decision-making attributes for each alternative
to elicit a preference for the decision makers. Value functions are used to aggregate alternatives‟ attribute-specific
values into an overall measure [6]. This process is useful in designing pilot studies to insure that the variables
selected for measurement in the study include appropriate attribute tradeoffs for each study stakeholders. The value
tree analysis steps and their relevance for the collection of healthcare data in pilot studies is discussed in subsequent
sections.

2. Problem Structuring
Problem structuring is the first stage of value tree analysis and gives a better understanding of the values affecting
the decision and a basis for further analysis. This involves identifying and generating the decision context,
objectives, alternatives and attributes.
2.1 Defining the Decision Context
The decision context defines the nature of the problem and its environment. This is a critical component when
considering how the decision maker‟s values may impact the decision outcome. The framing of decision context
becomes more complex when a decision has associated consequences [7]. In safety critical decision environments
such as healthcare, ethical considerations are particularly important [8]. Undesirable consequences resulting from
study design and the selection of variables to measure, may compromise the health and well-being of study
participants [9,10]. Consequences in complex situations with conflicting alternatives will increase the reliance on
values as a guideline for structuring the decision context.
For example, the IRB and the study participants‟ primary interest is for the study to pose minimal risks (physical,
emotional, financial, legal) for those involved [5]. However, the researcher may want to select variables for effective
measurement of an outcome that conflict with these risk minimization goals. The concept of tradeoffs, as
demonstrated in the aforementioned example, is central to value tree analysis. In addition to the undesirable
consequences of risks borne by the subject, high risk studies will also have an impact on the researcher, including: 1)
a reduction in the enrollment rate for eligible subjects; 2) a higher subject drop-out rate; and 3) a reduction in subject
numbers and the statistical power for future predictive and descriptive analyses. Higher risk studies will also require
a longer review process for IRB approval, which may conflict with the researcher‟s pilot study timeline.
It‟s important to include all stakeholders when evaluating the decision context, to insure that conflicting interests
and their impact on the pilot study are considered. Several questions must be asked to frame the decision context
(Table 1).
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Table 1: Decision Context Questions
Question
Who will make the decisions?

Response
For the purposes of this analysis, the primary decision maker is the researcher or Principal
Investigator.
In a pilot study, the researcher may value time, money and other resources. Most, importantly,
the researcher values demonstrating adequate feasibility of a concept or outcome for future
empirical testing in the main study
The decision alternatives are combinations of prognostic variables that may be significant
contributors to understanding the outcome measure.
The decision stakeholders include all individuals directly or indirectly impacted by the study.
The interests of each stakeholder are defined by their values applied to the relevant decision
context.

What are the decision maker’s values
and interests for the study?
What are the decision alternatives?
Which stakeholders are affected by
the decision and how are they
affected?
What is the purpose of the analysis?

The fundamental objective for the value tree analysis is to strategically select variables to
empirically measure in a pilot study. The selected variables should quantitatively demonstrate a
significant relationship between independent and dependent variables or provide qualitative
explanation of an outcome measure.

2.2 Identifying the Objectives
After framing the decision context, the pilot study objectives are defined. Requirements elicitation is the practice of
obtaining the requirements of a system from users, customers and other stakeholders [11]. This practice can be used
to perform a qualitative evaluation of the needs, requirements and limitations of stakeholders to generate pilot study
objectives. A requirement is a “function or characteristic of a system that is necessary...the quantifiable and
verifiable behaviors that a system must possess and constraints that a system must work within to satisfy an
organization‟s objectives and solve a set of problems” [12].
Several tools can be used to perform requirements elicitation and generate objectives [6]. These include:




Literature Review: Examination of relevant literature
Analytic Study: Development of a conceptual framework to integrate literature
Expert Interviews: Discussions with stakeholders and observations in the decision context

Objectives can be divided into two classes, fundamental and means objectives [13]. Fundamental objectives
characterize an essential reason for interest in the decision context. Means objectives are of interest in a decision
context because they are a means to achieving fundamental objectives. Typical objectives for a pilot study in
healthcare are shown in Table 2.
Table 2: Fundamental and Means Objectives
Objective
Show initial concept
feasibility

Description
Fundamental
Objective

In pilot studies, several outcomes have to be achieved to show initial feasibility for a
theoretical model or concept. These include: population variability, sample size, and
measurement of the appropriate type and number of variables. In addition, more
practically, the study must adhere to time and resource limitations.
Performing power analyses and sample size estimation is an important aspect of
experimental design, to set recruitment/enrollment goals. If sample size is too low, the
experiment will lack the precision to provide reliable answers to the questions it is
investigating. If sample size is too large, time and resources will be wasted, often for
minimal gain.

Achieve a sample size

Means
objective

Measure independent
and dependent variables

Means
objective

To empirically build a theoretical model and answer research questions, the researcher
must be able to measure a list of prognostic variables for some outcome or dependent
variable. In pilot studies, the small sample size and time constraints typically limit the
number of variables that can be measured and statistically analyzed, so these variables
must be carefully selected. Requirements elicitation can be used to generate a preliminary
list of variables.

Collect data within a
specified time period

Means
objective

One of the main constraints in pilot studies is the ability to collect the proposed data
within a specified time period. These studies may be driven by funding proposal and
resource availability deadlines.

Collect data using
available funding

Means
objective

Typically, studies designed to show initial feasibility are designed with the purpose of
preparing funding proposal for larger scale studies in the future. Thus, pilot study funding
is limited. Funding requirements may include subject compensation, equipment, travel
and research assistant funding.
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2.3 Identifying the Decision Alternatives
Decision alternatives are unique combination lists of the independent variables to be considered for measurement in
the study. If the study objectives include several measured outcomes, then multiple dependent variables may be
assessed as alternatives. These combinations will be limited by inclusion and exclusion pairing constraints. For
example, practically and statistically, it is not advisable to waste resources by measuring two variables that are
closely related and will most likely result in multicollinearity. On the other hand, the inclusion of one variable may
necessitate the inclusion of another to fully understand the meaning of each variable independently. These potential
relationships must be considered when forming decision alternatives.
2.4 Specifying the Attributes
An objective is measured in terms of an attribute. Based on requirements elicitation, decision-making attributes must
be selected to comprehensively represent the interests of each stakeholder. This process is a critical step of value tree
analysis and will help to identify the alternative with the highest perceived value for the researchers and the successcritical variables for the data collection process. There are several stakeholder concerns that arise during an
empirical pilot study. Typical attributes for a healthcare pilot study are shown in Table 3.
Table 3: Decision Attributes
Attribute
Time taken to collect
data

Detail

Time for subject to
provide data
Time taken to input
data

If existing data is used, the subject will not have to provide data, only consent to access the data. On the other
hand, if new data is created, the time to collect that that data must be taken into account.

Funding required to
collect data

The type of data being collected may have an impact on required funds. This includes payment for individuals
being reimbursed (hourly, monthly, etc.) for assisting in data collection, travel costs that may increase due to a
longer study duration and the need for additional equipment to collect a particular type of data.

Probability of missing
data for the
measurement

Missing data in empirical studies is a concern due to its impact on statistical analyses. Missing data may be
driven by the type of patient recruited, the type of data collected, the length of the study or the time required to
provide data. For example, if a return visit is required to collect data on a specific variable, a lower study
completion rate can be expected. Preventative measures such as removal of certain variables or data collection
tools, can be evaluated for this attribute.

Several data collection tools can be used to collect healthcare data, which include newly created data and
existing data. Newly created data includes psychometrics and subject interviews, which involve a more time
intensive patient recruitment and data collection process. Existing data includes patient records and databases
that can be accessed quickly with appropriate patient consent.

Although data input is a process performed after data collection, this may be a critical attribute. Since many
healthcare providers still use paper-based records [14], manual input, particularly for longitudinal data, may be
tedious and restricted by time and resources. In addition, if a survey scanner or voice transcriber is not available,
manual input of psychometric responses and interviews may be limited. Data input time can be estimated with a
trial run of the data collection tools under consideration or a rough estimation.

3. Preference Elicitation
By mathematically evaluating the variable selection alternatives against each decision attribute, the researcher‟s
preference and pilot study design can be calculated. A value function assigns a number V(x) to each consequence to
indicate the relative desirability of the consequence and can be used to derive preferences for alternatives. The value
function incorporates: 1) the attribute weights determined using Analytical Hierarchy Processing (AHP) and 2) the
Direct Rating or natural scale value for each variable combination set.
3.1 Determining Preferences on Attributes: AHP
AHP is a pair wise preference elicitation technique, used for complex decisions [15]. For Value tree analysis, AHP
is used to weight the decision attributes by comparing the rows (i) and columns (j) of an attribute matrix. The
comparison value (aij) is based on the decision-maker‟s perceived level of importance for each attribute. The
following scale values are used for matrix comparison (Table 4).
Table 4: AHP Matrix Comparison Scale Values
Value aij
1
3
5
7
9

Comparison Description
Objectives i and j are of equal importance
Objective i is weakly more important than j
Objective i is strongly more important than j
Objective i is very strongly more important than j
Objective i is absolutely more important than j
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The ratings (Ri, Rj) for the comparison are then normalized as per Equation 1. The normalized weights (wi) are
averaged across the columns to calculate the final weights, which represent the decision-maker‟s perceived attribute
importance.
(1)
3.2 Attribute Value Scaling
After weighting decision attributes, values are assigned to each attribute across each decision alternative. Natural
values are used in cases where attributes can be measured in natural scale (i.e., time, money, travel distance). All
other variables should be rated directly on a scale to represent the effects of the decision alternative on an attribute.
In Direct Rating, the worst and best consequences with respect to a certain attribute are associated with values of 0
and 100 respectively. The values of the intermediate (between 0 and 100) levels are determined only by the
alternatives under consideration. This approach is most appropriate when natural scales are not applicable, there are
no commonly agreed scales of measurement or there is no time or resources to undertake measurement.
3.3 Value Function
Several value function models can be assessed based on the relationship between attributes, which will be specific
for each pilot study design. For a set of mutually independent attributes, the value for the set can be found by
summing the value for each attribute (Equation 2). The weight wi corresponds to the change in the strength of the
preferences as the attribute xi changes from the worst to the best level.
Where,

(2)

The additive model shown in Equation 2 describes the decision makers‟ preferences only if the attributes are
mutually preferentially independent. Thus, there cannot be synergies between attributes. For example, if time to
collect data on a specific variable is increased and patient surveys are used as a data collection tool, this may impact
other attributes. The patient may skip questions in an effort to rush through a longer survey, thus increasing the
probability of missing data for the measurement. The required funds may also be connected to time required to
collect data. If preference independent cannot be proven, another model form, such as a multiplicative model can be
used.
In a multiplicative model (Equation 3), a constant K is used as a nonzero solution to the equation and ki represents
the value of an outcome having the best level on the attribute xi and the worst on others. In this model, single
attribute value functions have a multiplicative effect on the total value.
Where,

(3)

4. Discussion
The proposed approach aims to support healthcare pilot study design and variable selection by evaluating potentially
competing criteria such as time, resource constraints and data collection risks. Value tree analysis is a low cost and
computation approach to assess the preference values of each study stakeholder and form a strong empirical
foundation for a main study. The first stage of value tree analysis (problem structuring) requires the researcher to
perform interviews, observations and literature reviews to comprehensively understand the decision context and
generate study objectives. This activity allows the researcher to accurately understand the tradeoffs associated with
conducting a pilot study and their resulting impact on enrollment, missing data and resources. The preference values
found in the second stage (preference elicitation) provide the combination of study variables that have the highest
perceived value for the researcher, while also considering the preference of other study stakeholders.
Since the decision-maker (researcher) is a stakeholder and the generator of each alternative, decision-maker bias
could be present in the value tree analysis. The researcher is the most familiar with the objectives and their impact
across each stakeholder and would be the most qualified to weight the impact of each objective. However, if
attribute tradeoffs and their impact across all stakeholders are not adequately considered, this bias may negatively
impact the outcome of the study and produce undesirable consequences. A more unbiased process would be to
integrate the other decision stakeholders in each value tree step. Each decision-maker or stakeholder in this case
could have more weight in the preference elicitation process, thus providing a more robust analysis.
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5. Conclusion
The value tree analysis was used to determine stakeholder preference for the selection of experimental variables for
pilot studies in healthcare. These studies have the potential to form a strong statistical foundation for future
empirical studies to provide support for clinical decision making. The decision alternative objective and constraints
are defined to better understand the requirements of each proposed alternative and their impact on study
stakeholders. Attributes are developed to elicit decision requirements from the decision maker and to allow a
comparison of objective combination sets against each attribute using value functions. The result of the value tree
analysis is a selection of variables to measure in the pilot study that optimizes tradeoffs among the study attributes to
adequately satisfy stakeholder needs.
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