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a b s t r a c t

Underspecified user needs and frequent lack of a gold standard reference are typical barriers to technol-
ogy evaluation. To address this problem, this paper presents a two-phase evaluation framework involving
usability experts (phase 1) and end-users (phase 2). In phase 1, a cross-system functionality alignment
between expert-derived user needs and system functions was performed to inform the choice of ‘‘the best
available’’ comparison system to enable a cognitive walkthrough in phase 1 and a comparative effective-
ness evaluation in phase 2. During phase 2, five quantitative and qualitative evaluation methods are
mixed to assess usability: time-motion analysis, software log, questionnaires – System Usability Scale
and the Unified Theory of Acceptance of Use of Technology, think-aloud protocols, and unstructured
interviews. Each method contributes data for a unique measure (e.g., time motion analysis contributes
task-completion-time; software log contributes action transition frequency). The measures are triangu-
lated to yield complementary insights regarding user-perceived ease-of-use, functionality integration,
anxiety during use, and workflow impact. To illustrate its use, we applied this framework in a formative
evaluation of a software called Integrated Model for Patient Care and Clinical Trials (IMPACT). We con-
clude that this mixed-methods evaluation framework enables an integrated assessment of user needs
satisfaction and user-perceived usefulness and usability of a novel design. This evaluation framework
effectively bridges the gap between co-evolving user needs and technology designs during iterative pro-
totyping and is particularly useful when it is difficult for users to articulate their needs for technology
support due to the lack of a baseline.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction

Evaluation is important to all innovations [1], including Health
Information Technology (HIT) interventions. However, there are
significant barriers for evaluating HIT, such as the lack of a refer-
ence HIT gold standard [2], the paucity of knowledge regarding
user needs prior to the development of an HIT intervention [3],

and the complexity of socio-technical systems and multi-stake-
holder teams, which can affect the intended outcomes of the HIT
intervention [4].

Five levels of usability evaluation have been described in the lit-
erature: task-based, user-task, system-task, user-task-system, and
user-task-system-environment [5]. The first three levels occur
early in prototype development, focusing on task identification,
how users perform their tasks, and if a system supports the task
it was designed for [5]. The fourth level addresses how users per-
form a set of tasks using the system and how users perceive the
usefulness of the system [5]. Building on these, the fifth level eval-
uates how the task, user, and system interact within the workplace
environment [5]. The fifth level usually occurs after system deploy-
ment [6], while the fourth level occurs during the prototype devel-
opment stage.
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Often, HIT prototypes are not fully comparable with existing
systems because of their inherent novelty and uniqueness. Identi-
fying an appropriate baseline or comparison system (when a base-
line is lacking) for evaluation purposes is difficult for emerging HIT
interventions [7]. However, it is important to overcome this prob-
lem and select the ‘‘best available’’ system as a reference standard
for comparing the usability and effectiveness of various systems
against.

Various evaluation methods and strategies have been devel-
oped [8]. Evaluations that mix methodologies are considered ro-
bust [9,10] and particularly useful in the medical setting [11,12].
There are many ways to combine methods, such as mixing qualita-
tive and quantitative methods [13], involving users of varying per-
spectives for data collections [14], or using various data collection
methods to achieve greater data validity. The mixed-methods ap-
proach is superior to either qualitative or quantitative research
methods alone [15] because it ensures comprehensive data collec-
tion and avoids unnecessary a priori assumptions often made by
researchers [13]. In a mixed-methods evaluation, qualitative data
can be used to identify unmet needs [16–18], while quantitative
data can measure workflow impact [18–22]. Data triangulation
further allows verification of derived user needs [23].

In addition, evaluation designs can involve different types of
evaluators, including usability experts and intended users. Several
evaluation methods utilize usability experts. Cognitive task analy-
sis (CTA) is an evaluation method performed by usability experts
for assessing usability and has been successfully applied in health-
care settings [24]. Cognitive walk-through also involves usability
experts but is less intensive than CTA. In a cognitive walk-through,
an expert who is already familiar with the system performs a set of
predefined tasks and notes the number of steps required by certain
tasks and any usability and design problems with the interface
[25]. Other evaluation methods make use of the intended end-
users themselves. Time-motion analysis is a quantitative method
that measures the amount of time users spend performing a task
[26]. Results of time-motion analyses provide insight into the like-
lihood of system adoption and can be used to identify areas in
users’ workflow amenable to an informatics intervention [27].
The advantages of surveys, emails, and think-aloud protocols in
evaluating informatics interventions is well-established [28]. Soft-
ware log analysis is another useful evaluation method that can
capture behind-the-scenes interactions with the system and is
not intrusive to evaluators [29]. Questionnaires can assess users’
perceptions of a system’s usability [30] and the likelihood of accep-
tance of the technology [31]. Qualitative information in the form of
unstructured interviews and think-aloud protocols are especially
useful during system evaluation because they allow users to pro-
vide additional information not specified a priori via a structured
questionnaire [32]. Mixing qualitative and quantitative evaluation
methods to further enhance the evaluation result is a well-estab-
lished approach [15].

To address the evaluation challenges with emerging HIT, where
user needs are vague and clinical workflow is complex, we describe
a two-phase mixed-methods evaluation framework to bridge the
gap between co-evolving user needs and technology designs dur-
ing iterative prototyping. This novel evaluation framework enables
an integrated assessment of both expert-derived user needs satis-
faction and the user-perceived usefulness and ease of use of
emerging HIT interventions [33]. It supports formative evaluation
of HIT before the release of a fully-fledged system. We applied
our methodology to evaluate the prototypes of a novel clinical re-
search decision support system called Integrated Model for Patient
Care and Clinical Trials (IMPACT), which is designed to provide
decision support for scheduling research visits [34]. We followed
the STAtement on Reporting of Evaluation studies in Health Infor-
matics (STARE-HI) guideline for reporting evaluation studies where

applicable [35] since our framework was ideally suited for forma-
tive evaluations of software prototypes. We then describe this
evaluation framework and its use in evaluating IMPACT
prototypes.

2. Materials and methods

Our evaluation framework consists of two phases. In phase 1, a
usability expert collects user needs and compares the intervention
with related systems by aligning system functions with derived
user needs for each system. This enables the selection of a suitable
comparison system followed by a cognitive walk-through involv-
ing a task analysis and a comparison of interface design differences
between the innovation and the comparison system. Phase 2 in-
volves the system’s end-users, Clinical Research Coordinators
(CRCs) to collect quantitative and qualitative data. Fig. 1 illustrates
our mixed-methods evaluation framework.

Table 1 shows the types of data collected at each phase. Two
measures are assessed during phase 1: the number of steps re-
quired by each task and interface features used while performing
each task (e.g., screen transitions and pop-ups). Analysis during
phase 1 allows developers to assess how well the system performs
in a laboratory setting. If phase 1 identifies many critical system
functions that require improvement, the system can be refined
prior to testing with end-users. This approach prevents end-users
from being adversely affected by a system requiring critical
improvements. Since phase 1 of the IMPACT evaluation revealed
no such deficiencies, we were able to proceed directly to phase 2
of the evaluation.

2.1. The IMPACT system and its environment

Columbia University Medical Center (CUMC) is an academic
medical center where many patients are also research participants.
The IMPACT system, developed at CUMC, was designed to integrate
information from both patient care and clinical research to facili-
tate the scheduling of research visits and coordination of patient
care and research workflows. It incorporates temporal constraints
from the research protocol’s visit schedule and availability of re-
search resources (e.g., rooms, equipment, and personnel) into a cal-
endar interface. Designed for use by CRCs and schedulers, IMPACT
automatically calculates resource availability and recommends
suitable dates and times for the next research visit. IMPACT’s com-
plete functionality has been published elsewhere.

2.2. Phase 1: Usability expert component

2.2.1. Cross-system feature vs. derived user needs alignment
We recruited a usability expert to derive comprehensive user

needs for scheduling decision support. This usability expert was
independent from the design team but was present in the partici-
patory design meetings to understand user needs. To guide user
needs identification, the expert surveyed existing scheduling sys-
tems and anticipated problems that the user is likely to encounter
using knowledge of CRCs’ workflow. Each system’s features
(including those of IMPACT) were compared to this set of usabil-
ity-expert derived user needs. Four relevant systems currently
being used for scheduling at CUMC were included to quantify
how well user needs were satisfied by each system: Microsoft Out-
look Calendar, AllScripts Study Manager [36], Velos eResearch [37],
and WebCAMP [38].

2.2.2. Comparison system selection
The cross-system feature alignment was used to identify a

competent system to compare IMPACT with. This was done by
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