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Abstract

We compare the effectiveness of two types of verbal protocol,
concurrent think aloud vs. retrospective sense making, for
evaluating the usability of a clinical decision support tool.
Thirty-five medical and nursing students participated in a
usability experiment. Participants were asked to complete
seven tasks using the system under evaluation. Eighteen stu-
dents were allocated to the concurrent think aloud group and
the remainder followed the retrospective protocol. The retro-
spective protocol was significantly more sensitive than the
concurrent protocol in recording unique usability problems
related to users' cognitive behaviour. These problems con-
cerned the interpretation and comprehension of statistical
output, search results and system messages. These findings
can be explained by the retrospective protocol’s greater abil-
ity to detect compound usability problems, capturing the cog-
nitive dimensions of users’ interactions with the interface in
greater depth. Evaluations of clinical decision support sys-
tems should take an evidence-based approach to selecting
protocols.
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Introduction

To date, there are several examples of studies focused on the
use of verbal protocols as a means of evaluating the usability
of different types of Health Information Systems, such as med-
ical administration work systems [1], electronic patient health
record systems [2], clinical decision-support tools [3], clinical
terminology interfaces [4], self-care management systems [5]
and clinical trial management systems [6]. In the majority of
these studies, researchers implemented a concurrent think
aloud (TA) protocol as a core data collection technique. This
means that participants in the usability study were asked to talk
aloud (i.e. to verbalise their actions, thoughts or feelings)
while completing a set of tasks using the interface under eval-
uation. The analysis of this type of concurrent cognitive data
can lead to the identification of usability problems.

Although the application of a concurrent TA protocol has been
successful in identifying usability problems, there is still a
debate about the effectiveness of this method compared to
other forms of verbal protocols, especially over the use of ret-
rospective verbalisations [7]. Usually, retrospective protocols
follow immediately after a set of tasks is completed by the user
using the interface under evaluation. Retrospective verbalisa-

tions have been criticised for post hoc rationalisation and re-
construction effects that alter users' cognitive structures after
exposure to an interface. However, as opposed to concurrent
verbal protocols, retrospective protocols can disclose more
information about interaction behaviour. This happens because
methods focused on retrospective protocols are based on the
vocalisation of the contents of both the short-term and long-
term memory, while in the case of the concurrent protocol, the
contents of the thought do not require further processing and
articulation from long-term memory. There are variations of
the retrospective verbal protocol that make use of open-ended
questions in order to encourage users to process information
from the long-term memory, providing justifications and ex-
planations of specific actions they performed during their in-
teraction with an interface.

Although there were a few attempts made to compare the con-
current TA protocol with different types of usability evaluation
methods, like cognitive walkthroughs, surveys, clinical simula-
tions and interviews [e.g. 8, 9], there are quite a few published
studies comparing concurrent with retrospective verbal proto-
cols in medical informatics [10]. From a practical perspective,
this type of study is important for informing choices about the
most effective methods for evaluating the usability of health
information systems and provides an evidence-based approach
to selecting protocols. In addition, enhanced understanding of
this methodology can extend the interpretation of existing usa-
bility evaluations.

The aim of this paper is to present the results of a usability
experiment comparing two different types of verbal protocols:
a concurrent TA protocol and a new retrospective sense mak-
ing protocol. In particular, the two protocols were compared in
terms of the total number and the number of unique usability
problems identified, the types and frequency of categories of
problems, and how usability problems surfaced (e.g., observa-
tion of on-screen behaviour only, analysis of verbalisations
only, or a combination of both). Although some researchers
outside medical informatics have tried to compare the effec-
tiveness of concurrent and retrospective protocols [e.g. 10,
11], the present study goes a step further by employing a new
type of retrospective protocol based on the sense making ap-
proach. In addition, we analyse the effectiveness of the two
methods in the context of a clinical decision support tool.

This paper is structured as follows: The next section presents
the COCPIT tool, a prototype clinical decision making soft-
ware used as a test-bed for experimentation during the evalua-
tion of the two types of verbal protocols. Then, we describe
the research design implemented to compare the two proto-
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cols. The results of the comparison follow. Finally, the paper
concludes with a summary of the main findings and recom-
mendations for further research.

The system under evaluation

COCPIT (Collaborative Online Care Pathway Investigation
Tool) is a tool for visualising, analysing and developing inte-
grated care pathways at the population level. Care pathways
define a chronological sequence of steps, most commonly di-
agnostic or treatment, to be followed in providing care for
patients. Care pathways are used to aid health policy making,
as they effectively implement clinical guidelines, with custom-
isation possible at a local level to reflect service provision.
Interactive care pathways integrate care pathway design with
computational intelligence and statistical analysis in a single
run-time environment, thus permitting users (typically clini-
cians and health service managers) to create, edit, re-use and
analyse care pathways. This is achieved through a data man-
agement framework which provides access to individual-level
patient health records. COCPIT's interface has two main com-
ponents: first, a visual editor for designing care pathways; and
second, a data analysis component implementing the methods
and techniques for users to analyse and visualize the results for
a range of applications.

The visual editor

There are two types of model that can be used and analysed
using the visual editor. The first is the care pathway model,
while the second is the state model. The care pathway model
can contain one or more events which describe a patient's pro-
gression through the pathway (Figure 1). An event is defined
as a single point in time where something happens. Examples
of events include diagnoses, treatments and measurements that
can take place at any point. When a patient's health record
matches the conditions of an event, the patient is said to have
experienced the event. Therefore, a single event from a care
pathway counts all patients whose electronic health records
indicate that they experienced the event. This matching pro-
cess is based on the use of standard clinical codes representing
conditions, investigations and treatments that a patient may
experience. When a clinical code is assigned to a given event
in the care pathway, the COCPIT tool's matching algorithm
scans the patient record database (accessible through the data
management framework of COCPIT) for matches with clinical
codes assigned to existing patient records.

Figure I- Representative screen-shot of the interface

The state model can contain one or more states by which pa-
tients can be grouped into discrete categories. Examples of
states might be: diabetic, hypertension diagnosed, or undiag-
nosed hypertension. Similar to events, when patients' health
records match the conditions of a state they are said to enter

the state. When the conditions stop being met patients leave
the state or they get transferred to another state (e.g., from the
undiagnosed hypertension state to the hypertension diagnosed
state). The role of a state model is to provide a breakdown of
patients' characteristics within a specific care pathway, such as
the categorisation of patients according to specific states, or
risk factors (e.g., diabetes or hypertension), at the time they
entered into a specific event (e.g., suspected stroke). Thus, the
use of state models can show the reasons why patients entered
an event given a particular health state, as well as identify
missed opportunities related to health care provision (for in-
stance, the number of patients who by the time they were ad-
mitted to a hospital with stroke symptoms [event] had had
their hypertension diagnosed but not treated [state]).

The Data Analysis Component

The COCPIT tool provides a space where the statistical output
of these two models can be represented visually (Figure 1). In
particular, by selecting a specific event in a care pathway, or
state in a state model, a user can visualize the number of pa-
tients entering that event, or state. Statistical output can be
further manipulated, e.g., by clustering the results according to
patient demographics or according to selected states. In addi-
tion, the tool can calculate the time it takes for patients to tran-
sition between events, or the length of time spend in a specific
state. Further statistical methods such as analysis of variance,
product-limit survival curves, and proportional hazards model-
ling enable comparisons of the expected and real care out-
comes of patients.

Methodology

A total of 35 students in medicine and nursing participated in
this study. Participants were divided into two groups: 1. Con-
current TA group (n = 18); and 2. Retrospective sense making
protocol group (n = 17). In order to make the groups as com-
parable as possible, participants were allocated evenly accord-
ing to their familiarity with clinical decision support tools and
other types of clinical information systems as well as their
level of knowledge and experience of care pathways and clini-
cal records. This allocation aimed to minimise the effects of
between-subject variability with regard to the aforementioned
contextual factors vs. participants' behaviours during the data
collection process. In order to achieve this level of homogenei-
ty, each volunteer who expressed an interest in participating in
the study was asked to fill in a screening background ques-
tionnaire in advance. Selected participants were then contacted
and meetings were arranged in a usability laboratory. At the
beginning of the meeting each participant was introduced to
the objectives of this study and filled in a consent form. After
the completion of the consent form each participant received
five minutes of standard training on the basic functionality of
the COCPIT tool.

Following the completion of the training session each partici-
pant was asked to complete seven predetermined tasks using
COCPIT. The tasks involved creating and editing care path-
ways and state models, as well as manipulation and visualisa-
tion of the statistical output produced from these models. Par-
ticipants were expected to complete all tasks. Tasks were pre-
sented to participants in a different order using a Latin square
design. This decision was made in order to counterbalance the
effects of learning transfer. All participants interacted with the
COCPIT tool using a desktop computer and a 17-inch screen.
During task completion a concurrent TA protocol (condition
A) was applied to 18 of the participants in the study (i.e., par-
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ticipants were expected to verbalise any feelings or thoughts
that naturally came in their mind during task performance).
The remaining 17 participants performed the tasks without
been requested to think aloud. However, this latter group of
participants, after task completion, was asked to watch a video
of their on screen behaviour and comment on it following a
retrospective sense making protocol (condition B).

Concurrent TA protocol (Condition A)

In the context of this study, a Level-2 TA protocol [12] was
implemented because it can be applied concurrently, thus elim-
inating the bias of post-hoc rationalisation or reconstruction
effects. There is evidence that a Level-2 TA protocol, when
applied concurrently, does not influence user observed behav-
iour [13]. Finally, this type of protocol explores the contents of
thought. These contents are not always made available in short
term memory in verbal form (like in the case of a Level-1 ver-
bal protocol) but may involve the articulation of visual and
non-declarative information. This kind of articulation is better
suited to common problem-solving tasks.

During the usability test, participants were instructed to talk
aloud. If participants remained silent for more than 20 seconds
during the task sessions then they were reminded to keep talk-
ing. Audio and screen recordings were used for data collec-
tion. The transcripts produced both from the audio and screen
recordings were analysed using an inductive content analysis.

Retrospective sense making protocol (Condition B)

Sense making is an integral part of any cognitive activity and
an efficient way to observe how people think and make deci-
sions when they are trying to perform tasks. Although different
versions of sense making protocols exist [14, 15], in the con-
text of this study the gap-bridging approach to sense-making
was implemented. This gap-bridging approach has been de-
fined as a series of steps that a person takes across space and
time in everyday life in order to solve a problem [15]. Each
step of this process consists of gaps and actions taken to
bridge them. Sense making can therefore be defined as the
cognitive process through which people experience problems
(i.e. gaps) and choose to perform certain actions, among alter-
native ones, in order to solve the problems experienced at a
specific point in time. This process is cyclic, and gap-bridging
may occur several times as part of small sub-tasks that form
larger tasks.

The gap-bridging approach was implemented into the retro-
spective verbal protocol as a set of questions in order to
prompt participants to think aloud. The questions followed the
flow of the participants' recorded on-screen behaviour. The
aim of these questions was to collect data, in a structured way,
about participants' cognitive processes while performing the
seven tasks using the COCPIT interface.

The retrospective sense making protocol begins as a common
TA protocol where participants are asked to talk aloud while
watching a video of their on screen behaviour. Videos were
created using a screen recording software that recorded partic-
ipants' interactions during task performance. Then for each
observed click-through activity where an error occurred (e.g.,
selection of a wrong option) participants were asked a set of
three questions by the researcher (as an observed error is de-
fined any action made by the participant which deviates from
the optimum working procedure for a task - i.e. any deviation
from the set of correct steps or actions needed to complete a
task). The three questions were: 1. Why did you choose to
make this action? (e.g., why did you choose to click on that

link?); 2. What problems, if any, did you encounter after per-
forming this action? (i.e. after clicking on that link); and 3.
What actions did you perform in order to solve these prob-
lems? These questions followed Dervin's gap-bridging ap-
proach and permitted an in-depth but structured analysis of
participants' interaction with the COCPIT interface at the indi-
vidual task level [15].

Data Analysis

An inductive content analysis technique was implemented in
order to analyse the data collected from the screen recordings
and the concurrent/retrospective verbal protocols. The analysis
focused on five variables to compare the effectiveness of the
two verbal protocol conditions: 1. The type of observed usa-
bility problems; 2. The total number of times each type of usa-
bility problem had occurred; 3. The number of unique usabil-
ity problems (i.e. problems unique to each condition); 4. The
usability category within which each type of usability problem
had occurred (this was based on six categories of usability
problems identified by [9]: Consistency, transparency, control,
cognition, context and speed); and 5. The way the usability
problems had surfaced (i. through observation of the on-screen
behaviour only, ii. through participants' verbalisations only, or
iii. through a combination of both). The identification of usa-
bility problems and their categorisation into types and catego-
ries of usability problems was based on inter-coder agreement
[9]. Poisson analyses were performed in order to compare the
rates at which usability problems were identified between the
two verbal conditions. Results are presented as incidence rate
ratios (IRR) with [95% confidence intervals] and two-sided P
values. However, due to the small sample size of participants
in this study any generalisations should be made with caution.

Results

Number and Type of Usability Problems

The findings showed that more usability problems were identi-
fied in the case of the retrospective protocol condition rather
than the concurrent condition (IRR = 1.71 [1.40 to 2.10], P <
0.0001).

As shown in Table 1, the most frequent types of usability
problems were those related to the lack of messages about the
validity of the actions performed by users; the interpretation of
statistical output; and the misinterpretation of the role of vari-
ous functions (like the role of a state model). Significantly
more usability problems were identified with the retrospective
condition for the following types of usability problems: inter-
preting statistical output (IRR = 4.06 [1.06 to 12.2], P =
0.0012); lack of messages about the validity of the actions
performed (IRR = 2.32 [1.43 to 3.90], P = 0.0003); use of
ambiguous written instructions and labels (IRR =4.10 [1.84 to
10.33], P = 0.0001); interpreting search results after a search
for clinical codes (IRR = 3.84 [1.71 to 9.71], P = 0.0004);
searching for clinical codes (IRR = 2.51 [1.375 to 4.83], P =
0.0015). The concurrent condition appeared to be more sensi-
tive in detecting usability problems concerning the editing of a
node in a pathway or the use of edges in a pathway. However,
in this case statistically significant differences were observed
between the two conditions only for problems concerning the
editing of nodes in a pathway (IRR = 0.5 [0.3 to 1.0], P =
0.04).
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Table 1 — Occurrence rates (detections per user/session) of
types of usability problem

Type of problem Concurrent = Retrospective
(n=18) (n=17)

Editing a node in a pathway 1.83 (33) 1.0 (17)
Misinterpreting the role of functions  0.89 (16) 1.65 (28)
Data input 0.77 (14) 0.71 (12)
Using an edge in a pathway 1.17 (21) 0.71 (12)
Searching for clinical codes 0.88 (16) 2.23 (38)
Interpreting search results 0.44 (8) 1.71 (29)
Use of ambiguous instructions. 0.44 (8) 1.82 (31)
Takes time to load or save data 0.55 (10) 0.53 (9)
Lack of messages about the validity ~ 1.39 (25) 3.24 (55)
of the actions performed.

Interpreting statistical output 0.33 (6) 1.35(23)

Unique usability problems

The majority of usability problems were identified in both
groups of verbal protocols (85%). However, where problems
were detected with one protocol only, 12% were uniquely
identified by the retrospective protocol, compared with 3% for
the concurrent protocol. A closer examination of the problems
that were unique to the two protocols showed that in the case
of the retrospective protocol this percentage consisted of prob-
lems related to the participants' cognitive behaviour, such as
problems related to the interpretation of statistical output, the
interpretation of the search results after a search for clinical
codes, the use of ambiguous written instructions, and the lack
of messages or information about whether or not the actions
performed were valid. With the concurrent protocol most of
the unique usability problems were related to behavioural
tasks, such as editing a node in the care pathway, using an
edge to connect nodes in the pathway, and searching for clini-
cal codes.

Categories of usability problems

Types of usability problems (Table 1) were classified into six
compound categories. These were general categories of usabil-
ity problems, common in the evaluation of bio-health infor-
mation systems [9]. As it is shown in Table 2 most types of
usability problems were related to the categories of consisten-
cy (e.g., standardised use of interface objects, colours, and text
as well as predictable behaviour of controls) transparency
(e.g., current state is visible, future states can be predicted,
action effects are indicated) and cognition (e.g., this refers to
the density or ambiguity of information and the amount of
cognitive and visual search effort spent). Statistically signifi-
cant differences between the concurrent and retrospective con-
ditions were seen only in the transparency and cognition cate-
gories. In particular, more usability problems related to the
transparency of the interface objects were identified by the
retrospective protocol (IRR = 2.28 [1.53 to 3.04], P < 0.0001).
Similarly, more usability problems related to cognition were

identified in the retrospective case (IRR = 1.93 [1.30 to 2.90],
P =0.0005).

Table 2 — Occurrence rates (detection per user/session) of
usability problem categories

Concurrent Retrospective

(n=18) n=17)
Consistency 2.00 (36) 1.94(33)
Transparency 2.17.(37) 4.60 (80)
Control 0.72 (13) 0.59 (10)
Cognition 2.66 (41) 4.18 (75)
Context 1.05 (19) 2.82 (48)
Speed 0.55(11) 0.47 (8)

Data sources of usability problem identification

Usability problems could have surfaced in one of three ways:
1. Through analysis of verbal transcripts only; 2. Through
analysis of on-screen recordings only; and 3. Through a com-
bination of both transcripts. Most usability problems (55%)
surfaced from the analysis of verbal transcripts only. Just 10%
of usability problems arose from on-screen recordings, and
35% from both transcripts. Finally, the retrospective condition
gave rise to significantly more verbally surfaced problems
(IRR=1.70[1.30 to 2.25], P <0.0001).

Conclusions

The purpose of this paper was to present a retrospective verbal
protocol based on the sense-making approach and compare it
with the traditional concurrent TA protocol. The findings show
that the retrospective protocol identified significantly more
usability problems, including more unique problems, than the
concurrent protocol. These problems were related to human
cognitive behaviour during task completion. Examples of such
problems included those related to the interpretation of infor-
mation (either information represented as statistical output,
search results, or ambiguous written instructions and labels). A
significant number of these problems were not detected with
the concurrent verbal protocol. We suggest that the greater
sensitivity of the retrospective sense making protocol is due to
the detection of compound usability problems, which recorded
in a structured way, more unique usability problems.

Figure 2 illustrates a compound usability problem, where:
nodes represent usability problems, the (>>) notation denotes
hierarchical relationship between two usability problems, the
(Il notation indicates the presence of usability problems that
happen concurrently, and finally the capital letter (R) shows
the presence of a usability problem that repeats itself. Com-
pound usability problems were typically identified with the
three gap-bringing questions integral to the sense making ap-
proach of the retrospective protocol. In particular, a compound
usability problem contains a root problem. This is documented
usually through question Q1 (Figure 2). The analysis of inter-
action data showed that 73% of root usability problems were
related to the consistency category and contained behavioural
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errors made by participants while trying to complete the tasks.
These errors were associated with various types of behavioural
usability problems like the use of an edge to connect nodes in
a care pathway, the editing of a node in a pathway, and the
search for clinical codes.

A root problem may initiate or lead to additional usability
problems through question Q2 (Figure 2). These represented
problems that participants experienced after they had encoun-
tered the root problem. The majority of these problems (89%)
were associated with the following types of usability errors:
interpretation of the search results (after searching for clinical
codes); interpretation of statistical output; and lack of messag-
es or information about whether the actions performed were
valid. These problems were common in the case of the usabil-
ity categories of transparency and cognition. The majority of
problems identified through the analysis of Q2 were uniquely
captured by the retrospective protocol and reflected users'
cognitive behaviour. In many cases this behaviour could lead
to additional errors that formed new or repeated usability
problems. These were disclosed using question Q3 (Figure 2).

Q1: Why did you decide to perform this

Q2: What problems did you encounter
after you had performed the action? |

Q3: How did you solve these problems? _

Figure 2- Compound usability problem

Further research is now testing the effectiveness of the retro-
spective sense making protocol across a variety of medical
informatics applications and usability methods. We are also
investigating a new technique for calculating the severity of
compound usability problems logarithmically, i.e. based on the
cumulative severity weights assigned to individual usability
problems that form part of a compound and granular problem.
Given the increasing prevalence, complexity and importance
of clinical decision support systems, the evaluation of their
usability needs to be robust. We have shown that a common
protocol for testing usability in medical informatics is insensi-
tive, and how to improve on it. There is a need for medical
informatics to develop a comprehensive evidence-based ap-
proach to inform usability study design.
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