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Abstract

An information system design comes about in a number of different ways.
Systems or software applications may be designed using a controlled process, moving
step-wise from a needs analysis to program code and installation. Systems may also be
designed using general cognitive models of human cognition and action. However, if a
design is to work successfully, efficiently, and with user satisfaction, the design process
must allow user participation. Usability, as defined by the system users and their work,
will make the difference in the final product. This paper will review information system
design processes and assumptions. It will focus on how user needs are brought to the

design process through requirements analysis, task analysis, and usability evaluation.
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Without usability information systems ultimately fail—and rightly so. Usability is
that characteristic of an information system that merges the system with workflow. The
benefits of a highly usable information system include decreased errors, a decreased time
necessary for training, higher productivity, and higher user satisfaction. Nurses,
physicians, and pharmacists have yet to define usability in their information systems but
they know when it is not present. Clinicians have kept poorly designed clinical
information systems alive through overtime, work-arounds, and memorized keystrokes.
Often, a frustrated management will recognize an unusable system as a hindrance rather
than a help. The system will fade in disuse or be mercifully abandoned.

The obvious costs of any system failure are in the hardware and software
procurements. Clinical information systems without usability also carry a high cost for
users and management in inefficiencies and the obstruction of work patterns. Additional
costs are the need for extensive and frequent user training, system implementation and
maintenance, decreased productivity, and vendor contracting. Failed clinical systems
potentially carry costs in patient safety and management-staff relations as well. Engineers
and designers may avoid system failure by giving greater attention to the users’
requirement for usability throughout the design process but most especially at the outset
as systems are conceptualized.

Designing new ways to handle information, with a smooth integration into
practice patterns, is not simple. What are the practice patterns in clinical nursing and
healthcare? What part of the mountain of clinical information is most important for

decision making? What makes a system usable in nursing practice?
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To build any information system, analysts and design engineers first look to find
order, or at least a schema of the information tasks in present practice. They then
formalize the discovered goals and work patterns into an optimized sysfem of software
processes and hardware architectures. Design, in this sense, is as complex as the
operation of a modern high-tech hospital. And, just as healthcare has become client-
centered, system design is becoming user-centered.

User-centered system design requires system users as design participants,
targeting their needs as system functions and factors of usability. This paper will review
the historical evolution of general design methods along with underlying philosophical
perspectives and focus on those phases and techniques of design that most depend upon
clinical nursing participation: requirements analysis, task analysis, and usability. An
understanding of system design and the growing body of usability research can be used to
evaluate the effectiveness of nursing information systems.

Design

A design method contains the assumptions, discoveries, compromises,
experiences, and objectives that will strongly affect product usability for nursing care. An
information system for an information intensive discipline such as nursing cannot help
but restructure practice patterns. Consequently, clinicians should responsibly question if a
system can meet patient care needs while mediating stresses in the work environment. Of
course, the best way to evaluate an information system is to use it in actual practice.

Adequate system evaluations are difficult to find. Published evaluations either
focus on cost effectiveness, gained through documentation efficiencies, or on a decrease

in patient care errors (Ford, 1990; Hendrickson & Kovner, 1990; Kahl, Ivancin,
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Fuhrmann & Markiewicz, 1990; Lower & Nauert, 1992; Staggers, 1988). Sinclair’s
(1991) evaluation offers only “potential” savings without explicit support. Staggers’
(1988) survey of clinical information system evaluations reports that many of the studies
available have methodological errors. Potential conflicts of interest also threaten
evaluations authored by those who have participated in the system design. Beyond cost,
little mention is made of the system impact on actual nursing practice.

If a system’s effect on the working environment and practice can hardly be
evaluated without the system first being installed and used, how can clinicians make
informed purchasing decisions? The difficulty in discussing comparative systems in
differing practice environments, transferability or transportability, is noted by
Hendrickson and Kovner (1990) and van Gennip and Bakker (1995). Paganelli (1989)
offered a criteria list for clinical information system evaluation. Zielstorff, Abraham,
Werley, Saba, and Schwirian (1989) offered guidelines for the discussion of nursing
information systems but as Brennan (1989) observed, their paper omitted any
consideration of the nursing environment. Informed purchasing decisions and evaluation
transferability may be assisted by the examination of a system’s design method and a
review of the design participants.

Up to now however, healthcare information system design has been proprietary
magic. The literature contains no discussion of design methods for specific products.
Vendors may naturally protect their design experiences. Function lists and the “look and
feel” of each product are marketed as advantages of one system over another. The
informatics literature contains only general references to design in a system life cycle

(Jacobsen & Fennel 1989; Perreault & Wiederhold, 1990).
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A design review will reveal the design participants and may offer clues as to their
assumptions and views. For instance, automated clinical ihformation systems are often
touted as productivity tools (Hendrickson & Kovner, 1990; Sinclair, 1991). One approach
to productivity is the automation of an assignment printout for each staff member,
proposed as eliminating the need for a verbal intershift report (Kahl, et al, 1990).
Although verbal intershift reports can be of varying quality, verbal descriptions, planning,
and discussion are part of the report (Ames, 1993). All are activities of professional
consultation and practice. Did system designers observe the form, content, and process of
the intershift report? Was the value of the intershift report examined in interviews with
clinicians? If the work discovery process does not observe the intershift report and
interview the nursing participants, the full meaning of this practice event cannot be
uncovered. If a desirable characteristic of a clinical information system is a tight
integration with the work, then the work discovery process and the representation of work
content and patterns in system design is important.

Philosophical Perspectives in Design

Our belief systems influence or even direct our actions. This can certainly be seen
in the design of systems that assist humans in their work. Cultural values affect the goals
formed and the attempted tasks. Design will also contain assumptions about process,
work, and thought. Information system design processes have at their roots the
philosophical perspectives of science and method.

Science and method were the products of The Age of Reason, also known as The
Enlightenment, which began in the 17th century. The heroes of The Enlightenment—

Bacon, Newton, Descartes, and Voltaire (see Figure 1)—used a method of analysis that
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broke phenomena into separate parts. They analyzed and reconnected each part into a

mechanistic and logical universe (Harrison & Sullivan, 1971; Jones, 1969-1975). Their

language was mathematics; their data were empirical. This was rationalism. It was a time

when problem statements, measurements, analysis, and synthesis advanced science.

Figure 1 Timeline of Western Philosophical Perspectives
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(Jones, 1969-1975; Levy & Greenhall, 1983; Mish, 1983)

Following the Enlightenment, and perhaps in reaction to it, Hume, Kant, Husserl,

and Heidegger offered Skepticism, Idealism, and Phenomenology (Brightman, 1950;

Dreyfus & Dreyfus, 1986; Jones, 1969-1975). Contrasting with the rationalist view, those

of the post-Enlightenment era saw phenomena as embedded in experience and context.

They viewed a phenomenon as inseparable into parts. It is a whole. Precisely because it is

empirical, that is, relying upon experience, it cannot be objective. In this schema,

phenomena cannot be separated from the persons encountering it, experiencing it, part of
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it. Methods of discovery and analyses really become methods of meaning and
understanding.

Western philosophical perspectives and the progression of the scientific method
offer us a backdrop to information system design. Design inherited the methods of
science and engineering as well as their assumptions. Today, design methods are moving
from the perspectives of rationalism and empiricism to the phenomenological and
contextual. As the rationalist design approach seeks to find all the parts of a system and
place them in logical order, the phenomenological design approach seeks to understand a
user’s experience and the environmental context.

Differing philosophical perspectives spill over into design assumptions held by
some in the human-computer interaction (HCI) field as well (see the discussion of human
factors, computers, and cognition below). HCI research and cognitive theory have
borrowed the methods of the physical sciences and applied them to human and social
processes. The assumption of a rational universe guided the conceptualization of “the
user” and how the user thinks and behaves. Card, Moran, and Newell (1983) formalized a
singular human cognitive process in problem definition and solution searching, proposing
an information processing calculation model for human thought. In contrast, Dreyfus and
Dreyfus (1986) and Winograd and Flores (1986) offer that there is no singular approach
to a human experience and therefore there can be no single model of human thought.
Indeed, defining human thought accomplishes the rationalist’s separation of the human

mind from the experience.
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Design Methods

Design is seen as the creation of some human artifact to supplant a need (Carroll,
Kellogg, Rosson, 1991; Coyne, 1995; Norman, 1988). If the artifact is to be a computer
system that automates a task, then the computer system design process will require an
understanding of how the system will support tasks within the larger view of the work.
Design merges an understanding of the work with current computer technologies and
software programming techniques.

Computer science and health informatics literature have frequently referred to a
system life cycle in system design. Different names are applied to a single method but
generally four to eight steps move linearly from goal statements and feasibility to coding
and system maintenance. This is the classic “ waterfall” model of systém design. Over
time, the design process has evolved from a linear progression to a series of smaller
iterative phases.

The Waterfall Model.

The waterfall model of system development is the classic life cycle design process
(see Figure 2). It originated in the 1970’s when “building and fixing” no longer worked
as a means of software design (Boehm, Gray, & Seewaldt, 1984). The waterfall model
begins with a feasibility study as the initial phase (Jacobsen & Fennell, 1989; McDermid
& Rook, 1993; Perreault & Wiederhold, 1990). Feasibility answers questions of
development cost-effectiveness. Once feasibility is established, design continues with the
problem definition, or goal statement, and proceeds to needs assessment. A needs
assessment defines end-user groups and typically creates a user profile. The needs

assessment also describes the physical and organizational environment where the system
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will be used. This is accomplished by mapping the information process of interest,
including current records and forms, information flow diagrams, evaluations of current
manual systems for adequacy, and work flow (Graves & Corcoran, 1988; Jacobsen &
Fennell, 1989; McDermid & Rook, 1993; Sailor, 1990). Development continues with
programming, testing and system configuration. The final phases of the design life cycle
include implementation, training, and evaluation.

McDermid and Rook (1993) and Ellison (1994) in their review and case studies
found that the waterfall model has been modified many ways. A simple modification
includes small verification cycles between adjacent phases. However, it remains linear
and hierarchical. Another modification is the V model where the waterfall is folded back
upon itself (see Figure 3). The V model links conceptual requirements specifications to
the system testing phase. Requirements become more specific in subsequent phases and
drive early modular testing. Another waterfall modification is the incremental model (see
Figure 4). The incremental model divides the project into modules early on and then
staggers subsequent phases for each module. The incremental model assists in controlling
project costs as specialized teams rotate through the modules maintaining a consistent
work effort. Without the incremental approach, design projects will typically have large
staff activity peaks. The incremental model also allows some initial design discoveries to
affect later work.

Because the waterfall method and its’ modifications remain top-down, only the
initial user goals will affect the final product. But, users often cannot envision their needs
at the outset. Requirements “creep,” results as the users, designers, and analysts learn

more about each other and the project at hand. A new design approach was necessary.
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Prototyping and Participatory Design

Rapid prototyping addresses those changing requirements and takes advantage of
new graphical interface design tools (see Figure 5). Working system and interface models
are rapidly constructed using development software, paper prototypes, pseudocode, and
iterative cycles within the design process (Browne, Summersgill, & Stradling, 1992;
Gould & Lewis, 1987; Karat, Campbell, & Fiegel, 1992; Landauer, 1991; Perreault &
Wiederhold, 1990). Prototyping is also amenable to object oriented programming
structures (see Figure 6). Rather than completing the full design phase before testing and
evaluation, a prototype is produced early in design and user feedback data are
immediately collected, analyzed, and used for iterative design modifications.

There are multiple views of prototyping. One method uses the classical waterfall
phases but places an iterative prototype cycle within the model. Giddings (1984) terms
this “nesting.” A more elaborate approach to prototyping is Boehm’s (1988) spiral model
(see Figure 7). With each cyclical loop the spiral model focuses on planning, objectives,
alternatives, constraints, costs and risks. The prototype is developed iteratively with user
participation in this way to an operational design before it is coded and tested (Denning &
Dargan, 1996; Ellison, 1994; McDermid & Rook, 1993).

Prototyping advantageously avoids the limits of a generalizable cognitive theory
with its’ demand of exquisite exactness. There is no need to anticipate human cognitive
reactions measured to the millisecond. Prototyping places test results in multiple
feedback and redesign cycles, fine-tuning a product. Feedback and redesign used in this
way initiate participatory design adding intuitive insights gleaned from direct user

participation (Dorfman, 1990; Nielsen, 1993; Ramey, 1995). Drawbacks to prototyping
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and the iterative design process include the need for an initial information system
prototype, numerous user samples for testing, the reliance upon interpreted results and
opinions, and the danger of indiscriminately throwing code at problems as in a “hacker
syndrome” (Browne, Summersgill, & Stradling, 1992; Landauer, 1991; McDermid &
Rook, 1993).

The Cognitive Information Processing Model

The methods, assumptions, and goals of design are still changing. But nothing has
transformed design as much as the approach to the end-user. The traditional design
approach uses a number of techniques to create “ device models,” human cognitive
models, and task models (Bayman & Mayer, 1984; Card, Moran, & Newell, 1983; Green,
Schiele, & Payne, 1988; Karat, Campbell, & Fiegel, 1992; Payne, 1987; Scapin, 1990).
Modeling in design derives from the theoretical model of rational-cognitive human
information processing. The cognitive information processing model is familiar to many
as “chunks” of information moving between short and long-term memory (see Chapter 2,
“The Human Information-Processor” in Card, Moran, & Newell, 1983 or Chapter 14,
“The Theory of Human Problem Solving” in Newell & Simon, 1972). Rational task
behaviors are timed within a problem solving “space” and drive design choices toward
an idealized cognitive efficiency.

A strength of the cognitive information processing approach has been its’
quantitative nature. Calculations offer clear-cut design choices. Major weaknesses
however are: 1) the need to decompose complex human problem solving situations into
explicit, mathematically oriented elements; 2) an assumption of human behavior as

rational, and 3) an information technology that is developed and installed more rapidly
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than a research-based theory of human cognition can hope to support (Carroll, Kellogg,
Rosson, 1991; Coyne, 1995; Gould & Lewis, 1987; Landauer, 1991; Scapin, 1990).

Increasingly, designers are skeptical that formulas for design can be contained in
complex theoretical models of human thought (Carroll, Kellogg, & Rosson, 1991;
Landauer, 1991). Landauer (1991) speculates that the theoretical model of human
information processing must be astronomically complex and resistant to full
representation containing “0 (10") heterogeneous nonsimple elements operating largely
in parallel-cooperative statistical fashions, using a huge amount of genetic (10" bits?),
remembered (10° bits?), and currently received (10” bits/sec?) data that are only partially
the same for any two people” (p. 61).

Design processes are now based less on general models of human cognition and
more on heuristics (Nielsen, 1993), the system’s environmental context (Carroll, Kellogg,
& Rosson, 1991; Lanzara & Mathiassen, 1988; Mayhew, 1992; Wixon, Holtzblatt, &
Knox, 1990) communication (Laurel, 1991; Winograd & Flores, 1986) and user
participation (Eason & Harker, 1991; Kjaer & Madsen, 1995; Shackel, 1991). The
pragmatic outcome of useful and usable computer systems in specific organizational
contexts has replaced the goal of attending to human cognitive theory (Coyne, 1995;
Landauer, 1991; Sachs, 1995). Participatory design and situational context will be
examined in more detail below in the discussion of human factors.

Requirements

Many authors recommend specific activities to accompany each phase of the

design process (Mayhew, 1992; Mrazek & Rafeld, 1992). Requirements analysis is

typically one of the first activities. The results of the requirements analysis will be
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requirements specifications linking needs assessment with system programming (Kirwan
& Ainsworth, 1992; Perreault & Wiederhold, 1990). Using observation and interview,
designer’s outline functional specifications along with information flow, user profiles,
and task differentiation. Requirements analysis also explicitly states the business goals
for system design and any current system or hardware constraints—the boundaries for the
project (Roman, 1985).

The product of the requirements analysis process is a specification document with
two sets of reviewers (Scharer, 1981). The specification document is first reviewed by the
users asking, “Is this truly a model of the information system we desire?” The designers
and programmers then use the requirements specification document to couple a software
architecture with programming tasks, system goals, and objectives. This can become very
exacting. User specifications are meant to be traceable to actual programming activities
and system functions.

Requirements specification can break down when users must approve
specifications written in a technical language outside of their understanding. How can
users say a system represents their needs if they cannot recognize their needs anywhere in
the requirements document? Scharer (1981) sees users as describing qualitative system
requirements whereas analysts focus on functional specifications. Placing a greater
emphasis on the user and including users throughout the design process is one remedy
widely held in system design literature (Fowler, Macaulay, Castell & Hutt, 1989; Keil &
Carmel, 1995; Scharer, 1981; Whitefield, Esgate, Denley & Byerley, 1993). Analysts,
designers, and programmers however view the user with some ambivalence. Kyng (1995)

warns that designers have difficulty with cooperative design techniques. Fowler,
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Macaulay, Castell, and Hutt (1989) found that although analysts place value on greater
user involvement in the design process, they also see it as without management support
and as increasing the design workload. Eason and Harker (1991) surveyed designers and
found they felt users are often not available, cost effective or directly relevant and they
possess a conflicting design philosophy. Ellison (1994) echoes this sentiment terming
requirements as “apples” while the product is “ oranges.”

Requirements gathering or analysis may be as much art and experience as it is an
engineering process. Requirements gathering techniques may include a mix of the
following process or data oriented activities: structured analysis, object-oriented analysis,
flow charting, task analysis, functional analysis, system mapping, interviewing, usability
evaluation, focus groups, and observed functional and environmental constraints (Davis,
1990; Dorfman, 1990). Requirements gathering and specification are often formalized
into sets of prescriptive methods or as software engineering products (see Davis, 1990;
Davis & Leffingwell, 1995; and Stokes, 1991 for a description of general requirements
methods and Timpka & Johansson, 1994 for a description of Action Design for clinical
decision-support). One of the most frequently cited activities in requirements gathering is
task analysis.

Tasks and Efficiency

A cornerstone of design for productivity in human systems is task analysis. Yet
the emphasis of task analysis is enlarging from singular tasks to a larger view of the
work. The time-tested core methods of task analysis remain but have been joined with

new methods of interview and observation.
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Task analysis began with the Industrial Revolution of the 19th Century where
wide-scale mechanization brought repetitive tasks to human work. Production was the
goal. Beyond the application of steam power and new transportation technologies, efforts
were made to introduce efficiency into production lines. In the 19th and early 20th
centuries, Charles Babbage, Frederick Taylor, and the Gilbreths looked for improvements
in productivity while observing industrial workers (Barnes, 1958; Dubrovsky, 1989).
Taylor offered time and motion studies that reduced production to subtasks as he looked
for the ““one best way” of production. Later, the Gilbreths systematically examined
fatigue, monotony, safety, and delays in the production process. The Gilbreths also
introduced formalized analysis to time and motion study with their process charts, flow
diagrams, 3-D diagrams of worker movements, activity charts, time graphs, and work
sampling. Using “man and machine” charts they found some tasks as more appropriately
allocated to automation than to the human user or operator. Shovels were redesigned to fit
the human capacity for lifting; work flow was reallocated to take advantage of the
strength of the machine.

These same methods are used in automated environments today such as
automotive manufacturing, food processing, electronics, and even nursing station design
(Lockheed, 1969). Kirwan and Ainsworth (1992) have authored “ A Guide to Task
Analysis” that lists observation, structured interviews, activity sampling, critical
incidents, and verbal protocols as activities for task data collection. Diaper (1989) adds
pen and paper notes, audio and video recordings, computer session capture, think aloud
and walkthrough methods. Although there is no explicit mention of task analysis, a

National Center for Nursing Research (NINR, 1993) expert panel includes interviews,
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questionnaires, diaries, system monitoring, participant observation, and critical incident
techniques as means to study “information uses in a professional group.”

Once data have been collected, tasks can be categorized into an organizing
conceptual framework. The conceptual framework is often hierarchical, separating tasks
into goals, operations, and conditions in an increasingly specific process of redescription
(Shepard, 1989). Wilson, Bernard, Green and MacLean (1988) suggest organizing a task
framework as a guide to design. Similarly the Keystroke and GOMS (goals, operators,
methods, selection) models of human behavior are hierarchical task structures that use
task completion times to evaluate changes in a system’s design (Card, Moran, & Newell,
1983).

Task categories are useful in assessing task appropriateness for one group or
another and task allocation. Trivedi (1982) and Hagerty, Chang, and Spengler (1985)
counted nursing tasks by type assessing the appropriateness of task delegation. Task
appropriateness and delegation were also the object of task analysis in the Ried, West,
Martin, and Force (1991) study concerning decentralized pharmacies. Prescott, Phillips,
Ryan, and Thompson (1991) used task type to demonstrate the under utilization of
professional nursing skills and over utilization of nurse’s time in non-nursing tasks.

Corcoran (1986) first limited the task type to decision making before using task
scenarios to assess expert and novice planning skills. Corcoran-Perry and Graves (1990)
limited their analysis to information-seeking among cardiac nurses and decomposed the
task by information type, reasons, sources, and constraints. Dubrovsky (1989) describes

task decomposition as producing task actions, processes, contexts, and constraints.
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As with the original purposes of time and motion studies, task analysis is still
favored as a method to assess cost or to increase efficiency in a process. Hagerty, Chang,
and Spengler (1985) looked at self-reported task completion times to calculate the
proportion of nursing time spent in direct and non-direct patient care activities. Clark and
Zornow (1989) used time and motion to compare team, primary care, and total patient
care systems of nursing practice, finding no significant difference in efficiency. Using a
time and motion analysis of nursing activities as a constant, Roddy, Liu, and Meiners
(1987) investigated levels of nursing home resident dependency. Watson, Lower, Wells,
Farrah, and Jarrell (1991) assessed task time, type, frequency. and cost of nursing
functions and proposed a redesign of nursing work and hospital department organization.

The task analysis literature also critiques task analysis measurement procedures.
Observation is one of the prime task analysis activities but it can be accomplished in
many ways. The traditional time and motion procedure assigns one observer to one
subject. All activities and their completion times are noted. The trained observer collects
great quantities of data but can only observe one subject at a time. Random and timed
interval work sampling have been proposed as less costly techniques. Finkler, Knickman,
Hendrickson, Lipkin, and Thompson (1993) compared work sampling of various
intervals with the time and motion observations of medical students. They found that task
completion times and frequencies can be misrepresented using work sampling
procedures. Infrequent activities will be missed in long interval sampling. Oddone,
Guarisco and Simel (1993) compared the self report time estimates of house interns and
residents with random work sampling and found that self report overestimated the time

spent in a number of patient care activities.
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Although task analysis remains a favored method among researchers, it is not
without its limitations. As Sittig (1993) found when he reviewed a number of work
sampling experiences in healthcare, bias and inaccuracies are evident in all observational
methods. Work sampling requires an adequate picture of the task frequency and duration
a priori or it will be faulty. Self reporting procedures rely too heavily upon memory.
And, observational categories must already be known before data collection can begin.
Task analysis and observation cannot be used in isolation but must validated with
additional data collection methods.

Human Factors and Usability

Task analysis, although a necessary requirements activity, may focus too greatly
on the task function or flow and not on the people who are part of the larger system of
work. Human Factors refocuses design attention on the human attributes within the
system while using task analysis and psychometric techniques.

Chapanis, Garner, and Morgan (1949) introduce Human Factors as an applied
design science derived from previous discoveries in experimental psychology. Meister
(1989) clearly includes the human experience by defining human factors as the study of
“how humans accomplish work-related tasks in the context of human-machine system
operation and how behavior and non behavior variables affect that accomplishment” (p.
2). Ergonomics, a term closely associated with human factors but used more frequently in
Europe, emphasizes the physical to a greater extent as “the study of the relation between
man and his occupation, equipment and environment, and particularly the application of

anatomical, physiological, and psychological knowledge” (Shackel & Richardson, 1991,
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p. 3). Some researchers place physical ergonomics and cognitive ergonomics wholly
within human factors.

The history of human factors begins where task analysis and the emphasis on
efficiency leave off. It began during World War I when the United States put over one
million soldiers through “intelligence tests” (Chapanis, Garner, & Morgan, 1949;
Hawkins, 1987; Shackel & Richardson, 1991). The purpose of the tests was to find the
“man to fit the job.” Following WWI human factors research branched out into
manufacturing, most notably with the frequently cited studies in General Electrics’
Hawthorne Works facility.

During WWII engineers and analysts realized that complex weapons technologies
and machinery, as designed, exceeded human operating abilities. Armed Forces
investigators began asking why airplanes crashed—was it mechanical failure or human
error? Aircraft design and the notion of error or failure are still heavy contributors to
human factors research (Bignell, Peters, & Pym, 1977; Hawkins, 1987). But, with an
understanding of human limitations, researchers began to hunt for machine designs that
fit within human physical, perceptual, reactive, and cognitive capacities.

Human Factors, Computers. and Cognition.

One of the increasingly complex machines of the post-WWII era was the
electronic computer. The computer became a reality in the late 1940°s and was adopted
by business and government organizations on a large scale in the 1960’s. A computer
differs from a simple calculator in that it possesses memory storage and is programmable
using computer languages. Because a computer is programmable, routines and problem

solving algorithms take on complexities reminiscent of human thought. This is both an
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exciting and distracting analogy. Using this similarity along with the results of
experimental psychology research, Newell and Simon (1972) proposed the Theory of
Human Problem Solving and the Information Processing System introduced earlier in the
discussion of design. Newell and Simon’s description of human thought as serial
information processing also greatly affected human factors research and engineering.

Even though proBlem solving task analysis was central to the work of Newell and
Simon their driving goal was not the design of a computer tool. They used the computer
as a model and means toward developing theories of human behavior. This resulted in an
eccentric mixing of the metaphor—the computer—and human cognition. As their work
took place using computer systems which were serial processing devices, their model of
human cognition was likewise linear, serial, and task oriented.

Building upon the logical cognitive model, human factors research in computer
systems became associated only with interface design—the portal of human computer
interaction. However, it should be noted that computer systems at the time of Newell and
Simon’s (1972) seminal research (late 1960’s, early 1970’s) were largely used within an
engineering domain. Programming was the central computer-based human factors task:
programmers were the users. Early high-level programming languages were like algebraic
formulas with words, a series of “computing” instructions forming a logical algorithm
and dialogue (for example see Pascal, COBOL, FORTRAN). The goal was often
discovering the one most efficient expression. The emphasis on logical, error-free, serial
tasks using a restrictive human cognitive model restricted applications to other real

human work environments.
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Human Factors and a Return to Design.

Human factors and design researchers used the presumption of logical interaction
and looked to break complex human tasks into manageable problems with logical
solutions. Using laboratory game research (e.g. Chess, Tic-Tac-Toe, Towers of Hanoi)
the goal, identified problem, and solution alternatives became the problem space.
Problem space complexity was studied by Bayman and Mayer (1984) with students using
calculators, Moran (1981) in computer system design and programming, and Corcoran
(1986) in nursing practice. Card, Moran, and Newell (1983) developed the GOMS (goals,
operators, methods, selection) system to assess and model the problem space in structured
programming. They saw human computer interaction as an exercise in resolving a task
problem.

Kieras and Polson (1985) and Payne (1987) expanded the concept of a problem
space in computer systems to include a goal space, device space, and the user’s
conceptual representations of each. They saw human computer interaction as dictated by
a user’s perception of goals and system operations. They proposed that ease of computer
use would be enhanced if users had an adequate “ semantic map” between the goal space
and device space. If a user understood the process of achieving the goal and how a device
works, then the user would be able to use the device in a facilitative way. Payne (1987)
and Scapin (1990) suggested mapping the device space, as designed, to the user
conceptualization to discover cognitive mismatches. A mismatch would target a focus for
design.

Norman (1988) also suggested mapping but used the term “artifact” for the

device. An artifact is a tool or evolved product of everyday use and experience. Norman
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stated that there are natural ** affordances and constraints” between human tasks and the
human experience. Good design takes advantage of everyday common knowledge
implied in the human experience. By placing the artifact within everyday human
experience, Norman reached beyond an isolated task domain and information processing
and into the phenomenological. His artifact examples of architecture (e.g. doorways, door
handles, light switches) and appliance design (e.g. stove tops, radios) concerned the
interface between design and user expectations. In Norman’s view, one does not think
about the process of opening a door in a linear way. But, using what one has experienced
about doors and door handles, one simply reaches for a door expecting it to function ina
way other doors have functioned within one’s experience.

Giddings (1984) voiced his concern with the “ domain independent” model of
logical information processing while referencing the “goftware crisis.” The software
crisis was a hot design topic in the 1970’s and 1980’s and was seen as the inability of
software applications to meet users’ needs. Giddings proposed domain dependent models
for design and an iterative prototyping method. However, he still wished to rely upon a
human cognitive model, albeit of restricted scope, rather than participatory design.

In 1991, a number of opinions finding fault with the design emphasis on cognitive
theory were published in human factors journals and texts (Bannon 1991; Bannon &
Bodker, 1991; Carroll, Kellogg, & Rosson, 1991; Eason & Harker, 1991; Landauer,
1991). Carroll, Kellogg, and Rosson (1991) credited happenstance with a greater impact
on design innovation than cognitive theory. Landauer (1991) called upon the design
community to “ get real” and recognize that grand cognitive theory will not produce as

much improvement as the understanding of mundane work processes. For nursing, a
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Interface design often relies upon inspection methods or evaluation techniques
that assist designers in the discovery of usability problems. The human-computer
interface is one of interaction: steps, decisions, processes, inputs and queries. Designers
use inspection methods to detect inconsistencies and difficulties in that interaction
process that may promote user error or frustration. Inspection methods are an assessment
of the interface against guidelines (Mayhew, 1992), using paper prototypes or system
walkthroughs (Karat, Campbell & Fiegel, 1992), empirical testing (Cuomo & Bowen,
1994; Gould & Lewis, 1987; Moran, 1981; Virzi, 1992), expert heuristics (Nielsen, 1992)
or using focus groups (O'Donnell, Scobie, & Baxter, 1991). Empirical testing is the most
expensive evaluation method, often resembling psychometric experimentation. It requires
a usability lab or controlled environment for user observations, timed interactions, talk
aloud recordings or video and keyboard data capture.

Nielsen (1992, 1993) and Virzi (1992) have focused on the effectiveness and costs
of usability inspection methods. The questions they raised concerned the type and number
of problems each method uncovers and the attendant costs. As some designers and
engineers may harbor doubts about the benefits of usability evaluations, the discussion of
cost arises from a need to demonstrate that while usability testing and other inspection
methods do have their costs, this cost is justified when compared to the costs of poorly
designed and poorly received software.

Believing expert review to be less costly than empirical user testing, Nielsen
(1992) has researched a heuristic inspection method that employs usability experts and
use scenarios. Experts in usability perform the tasks implied in the use scenarios and

evaluate their experiences with respect to usability heuristics. While this process can
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uncover many usability problems without employing real users doing real tasks, effects
related to the users’ environment remain unknown (e.g., what happens if the user is called
away from the task or, in the nursing environment, what happens if a patient crisis
interrupts the task).

It is easiest to perform a usability evaluation once a product and interface exist.
Typically this places usability considerations toward the end of the product development
process. However, it is at the end of development that tight schedules and budget
pressures constrict usability’s impact. It is too late in the design process to make any
substantial, functional changes other than to repair a catastrophic error. It is the belief that
usability and interface design is little more than cosmetics along with the rush to ship an
untested product that has contributed to the “software crisis” of unfriendly, unusable
software. One answer to this situation is participatory, user-centered design.

Participatory design that reaches beyond requirements gathering is an approach
widely used in Scandinavia. The users become design partners and participate throughout
the design process. With users as participants in design, Bannon (1991) believes the
difficulties in expressing needs, changing user needs, and representing needs within
formal specifications can be avoided. Eason and Harker (1991) offer that generic systems
can use a general user behavioral model in design but systems designed for a specific
population of users must be based upon participatory design. Beyer & Holtzblatt’s (1995)
experiences emphasize the context within which a system will be used and introduce the
notion of designers as apprentices within the user’s domain. Keil and Carmel (1995) call

this minimizing the linking distance between the users and designers.
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Designers, using participatory methods, recognize that usability is bigger than the
“look™ of an information product. The functionality, sequencing of tasks, intuitive
display, and system response or placement will change the work. Users are “doers.” As
Bannon and Bodker (1991) state, only with user partners can design and subsequent
alterations in the work process be considered.

Summary

Three factors now play a role in changing the linear approach to system design.
The first is a move toward the development of specialized information systems for
smaller unique populations of users who have information needs specific to their work.
When designing a word processor, telephone, or an Automated Transaction Machine
(ATM) for banking, the needs of the general population must be considered. But, when
designing an automated information system for patient care, the unique needs,
knowledge, and approach of the clinician must be considered. The patient care system
will be used by specialized users with specialized needs.

The second factor affecting the design cycle is the use of rapid prototyping design
tools. Prototyping builds a “ working model” of a system and interface, allowing user
evaluation before full system implementation. Using prototypes, design becomes
iterative. It is increasingly difficult to visualize a design cycle with a start and a finish.
System evaluation can occur many times in the design process before the final product
implementation. Prototyping then allows a greater use of empirical evaluative research,
rather than relying upon a theoretical model of human cognition.

Finally, the system and software marketplace has awakened to the realization that

usability makes the difference. No longer can lists of software functions sell a product.
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Function lists are often similar across products. It is the way in which the application
supports the user, in the user’s tasks, that will differentiate products. The software or
computer product must easily interweave with the work of the user and support experts in
their fields rather than require all users become computer experts. This can only occur

with user participation early in application design.
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Abstract

The development of effective automated clinical information systems for nursing
practice requires the evaluation of the current paper-based systems, clear design goal
statements, and the participation of nurse users in the design process. Requirements
gathering is the design activity that addresses goals, system evaluation, and user
identification. Iterative participatory design is the system design method that employs
users and their work experiences in design, targeting both system functionality and
usability. Although nursing information system evaluation has been addressed in the area
of productivity, no definition of usability for nursing systems exists in the public
literature. Even nursing functionality has little discussion beyond care planning.

This paper describes a requirements gathering and the development of an
instrument to measure usability for nursing in long-term care. Nurses were observed
(n=12) in practice and interviewed at 11 different long-term care facilities in Oregon for a
total of 24.5 hours. Paper-based information tools (n=171) such as the 24 Hour Report
and Medication Administration Record were collected and described for form, content,
and users. A semantic differential (SD) instrument of 30 bi-polar descriptors for 11 paper-
based nursing information tools was developed. The SD utilized the collected qualitative
data as well as usability terms such as Concise-Wordy, Powerful-Weak from the human-
computer interaction literature. The SD was administered to 112 nurses from 21 long-
term care facilities in Oregon. A principal components factor analysis with oblique and
varimax rotations were performed on the SD data producing 6 factors of usability each.

Paper-based tools evidenced usability in the oblique analysis if they were Guiding,
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Artistic, Lucid, Portable, Client-Centered, or Regulated. The total oblique usability factor
scores for each tool ranked the Personal Worksheet as the most usable paper-based tool
while the federally mandated Minimum Data Set was the least usable.

The regulting requirements data, including information flow and tool placement,
and the measurement of usability in long-term care nursing practice can be used in the
design of automated information systems. Usability was defined within a baseline of
paper-based information tools. New automated systems must at least be as usable as the

tools nurses have developed over time and now employ in practice.
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Introduction

Behind the development of computerized information systems is the desire to find
some way to improve the human relationship with information. Our desire to manage
information efficiently and effectively in health care is represented by the over 7,722
computerized patient care applications installed as of 1991 (Anon., 1991a). But in our
attempt to make information work for us, we are often overwhelmed by the volume of
data and the complexity of the data relationships. Health care organizations generally, and
the discipline of nursing specifically, share this frustration.

Experiences with automated information systems in health care have not always
been successful. While Nursing Information Systems (NIS) have been installed with the
hope of saving time, expense, and reducing errors in patient care, many accounts of failed
and abandoned systems argue the opposite. Something is just not working. Our
automated information tools remain inadequate.

There are many reasons for automated system implementation to fail. Training
may be weak, performance expectations may be unrealistic or oversold, system access
may be insufficient, or organizational support may be slight. From the perspective of the
clinical nurse, one reason may be that practice realities have not been adequately
captured. What nurses do with information and the way they do it is only partly
understood. Nurses, as users, have not had a hand in communicating their needs or
designing today’s automated systems. Nor, can it be surmised, that nurses necessarily

understand how they use information and for what purposes.
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New techniques in the information system design process offer system designers
and clinical practitioners design opportunities. As information systems have the potential
to transform and restructure nursing practice, these opportunities should not be missed.
The purpose of this study was to examine a selection of information tools currently in use
in long term care nursing practice. The examination used methods of information system
requirements analysis and a semantic differential (SD) questionnaire. Information tools
and their uses were identified and described. A semantic differential questionnaire was
explored for its ability to discover factors of usability. The questionnaire was applied to
the current paper-based information tools that have been developed by nurses and their
organizations over time to meet their needs. Factors of usability in current information
tools can be seen to be part of the context of nursing practice in long-term care and
should inform the design of future automated tools.

Review of Related Literature

The background for this research lies within multiple disciplines. The design and
evaluation of information systems is the concern of computer science. Human Computer
Interaction (HCI) is the discipline within computer science that examines the use of
information systems toward accomplishing human goals especially for characteristics of
usefulness and usability that can be codified into design guidelines, practices, and
specifications. HCT has used cognitive and decision making theory along with
anthropology and engineering in its framework of usability. Nursing informatics has

limited its perspective to the relationship between nursing practice and clinical or
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managerial information. And finally, semantic space is defined as experience and attitude
using psychometric measurement.

Information System Life Cycle and Design

Computer science and health informatics literature has frequently referred to a life
cycle in system design (Jacobsen & Fennell, 1989; McDermid & Rook, 1993; Perreault &
Wiederhold, 1990; Sailor, 1990). The life cycle often referenced is the waterfall design
process, moving from system feasibility studies, software requirements definition,
analysis, program design, coding, testing and implementation, to operations and
maintenance. The waterfall moves forward in steps, completing one phase before moving
to the next. Boechm (1988), McDermid and Rook (1993), and Ellison (1994) have
reviewed design methods and find that this process has been modified in many ways,
usually by adding verification feedback and emphasizing control of cost or personnel.

Shortcomings of the waterfall design life cycle include a heavy reliance upon the
initial set of user requirements. Requirements are the functions, data flows, controls,
objects, and environmental specifications of the users or purchasers of a system—what
they want it to do (Davis, 1990; Stokes, 1991). Requirements are usually gathered
througp interview, task analysis, and structured analysis techniques (Dorfman, 1990;
Fowler, Macaulay, Castell, & Hutt, 1989; Sailor, 1990). However, as Scharer (1981)
points out, there are usually two separate points of view in requirements gathering, the
user’s view and the analyst’s view. The system analyst who will write the requirements

and specifications may not perceive what a user describes as a goal with the same degree



Factors of Usability 7

of importance. Complex problems and needs are additionally difficult to understand, for
both the users and designers (McDermid & Rook, 1993; Scharer, 1981).

Researchers in HCI have also criticized evaluation in the waterfall process. They
have found that evaluation and usability assessments are not made until the final phase of
development when a product is fully structured and programmed. This is too late for any
real modifications to meet misunderstood or overlooked user needs (Gould & Lewis,
1987; Ramey, 1995). When Gould and Lewis (1987) surveyed software designers for
their views on evaluation, the designers related that budgetary concerns and the pressures
to bring a product to market often overtake efforts at user evaluation.

Rather than rely upon direct and frequent user participation, designers have
applied guidelines derived from cognitive theory and their own user experiences. Moran
(1981) termed this general interactive user model the “psychology of the user.” Payne
(1987) worked at modeling the knowledge a user would need to use an application while
Scapin (1990) mapped the distance between the user model and the device (application)
model of behaviors. The smaller the distance, the less time needed in user training.

This approach to design began to fall apart after the discovery of the “software
crisis” —user dissatisfaction. Giddings (1984) noted that software could not rely upon a
general user model and be domain independent if it is to truly meet user needs. Users live
in complex worlds, performing complex activities in complex organizations. Meister
(1989) felt that humans must be seen as greater than “molecular knobs and dials” but
living in molar systems. Landauer (1991) tells us outright that design must “ get real” and

leave cognitive research behind in order to build usable systems.



Factors of Usability 8

Iterative prototyping and participatory design techniques are efforts to, as
Denning and Dargan (1996) state, connect the product with the user. Object oriented
programming and development software allow the rapid production of at least partly
functioning applications. When users are included as design participants and are asked to
use the prototypes, they bring their context-based needs and perspectives to what then
becomes a design cycle of testing and refining. Bannon (1991) in his case review notes
that prototyping with users casts aside the requirement that users explicitly describe their
needs. They can run with their best intuition as to what will work. There are additional
benefits to a prototyping design approach. Boehm, Gray, and Seewaldt (1984) evaluated
seven student projects contrasting prototyping with the linear product specification
process. They found that the prototyped products were smaller and more efficient,
required a shorter development time, and were easier to learn than the products developed
using the traditional linear design methods. The prototyped products were judged lower
in functionality but perhaps the users did not need all the functions produced without
their participation. Alavi (1984) found the prototyping process difficult to control but saw
that it strengthened developer-user relationships and resulted in greater user satisfaction.
Increased user participation in design then, has required that the linear, user modeled
design approach be set aside for an iterative user-centered though less controlled
participatory design method.

Nursing Information Systems

An NIS supporting the nursing process and nursing research is outlined in the

literature (Graves & Corcoran, 1988; Harris, 1990; Zielstroff, McHugh, & Clinton, 1988).
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Graves and Corcoran (1988) envisioned an NIS design that included practice relevant
data and an ability to retrieve information by nurse-directed inquiry. More typically, NIS
supports only the nursing roles of record kéeping, decision support for error checking, or
for financial planning. This is evident in Sneider’s (1987) list of the major components of
a NIS as: schedule generation, interactive schedule maintenance, historical record
keeping, nursing management report generation, personnel/position control, patient acuity
record keeping, and care planning. Ross, Gore, Radulski, Warnock-Matheron, & Hannah,
(1991) equate system components of admission/discharge/transfer and order entry/results
reporting in their discussion of patient care systems. Yet claims of nursing involvement in
system design are made while the literature reports nursing participation only after the
vendor and system have been chosen (Dowling, 1989; Ross, Gore, Radulski, Warnock-
Matheron, & Hannah, 1991; Simpson, 1992; Summers, Ratliff, Becker, & Resler, 1989).
Although most of the NIS literature concerns hospital-based acute care nursing
systems, the first federally mandated Minimum Data Set (MDS) for Resident Assessment
and Care Screening is now used in long-term care (Morris, Hawes, Fries, Phillips, Mor,
Katz, Murphy, Drugovich, & Friedlob, 1990; Morris, Murphy, Nonemaker, Smit,
Stegemann, Swerengen, Zimmerman, 1995). Various state agencies require additional
client assessment tools and data report sheets (Anon., 1991b; Downey & Hood, 1992;
Miller & Giamporcaro, 1992). Clinical nursing involvement in the development of these

information tools varies and a plan for tool evaluation is often missing.
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Information Needs and System Evaluation for Usability

The definition of useful and relevant information is formed with a personal
understanding of nursing practice needs and routines. Benner and Wrubel (1989) suggest
that studying the practice of nurse experts can expand understanding. They describe the
nurse as a “knowledge worker and a developer of clinical knowledge™ (p. 20). The work
of nursing was firmly removed from a simple count of tasks more than 30 years ago when
Kelly (1964) and Hammond (1966) studied the clinical inferencing process in nursing.
Later, Grier (1984) reviewed inferencing in the nursing information processing literature
but found the greatest discussion concerned the recognition, measurement and
organization of nursing data. Dowling (1988) defined data as basic, objective, indivisible
elements whereas information "is composed of data that have been transmuted to a form
that is understood easily and rapidly and is usable by the decision maker" (p. 180).
Practice and practitioner needs guide the transformation of data to information.

The nurse as knowledge worker is a consistent theme in the nursing practice
literature. While information processing models have been used to examine this aspect of
nursing practice, it remains evident that individual variances exist in problem solving
among nurses. Experience makes a difference, as does the practice context and individual
situations. Grier (1984) states, "computerized systems of nursing information must be
bas.ed on studies of information needs and processing and on conceptual frameworks
appropriate to nursing practice” (p. 280). Corcoran-Perry and Graves (1990) examined
information within a framework of practice in the work place. Defining information need

as "any activity undertaken to identify a message that satisfies a perceived need" (p. 120),
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Corcoran-Perry and Graves assessed both observed and reported information-seeking
behaviors. Four data content categories and frequencies were identified: patient-specific,
49%; institution-specific, 27%; domain knowledge, 21%; and procedure information, 3%.
Verbal sources and written sources were accessed equally (45%). Difficulties encountered
when seeking information included factors relating to difficulties with the information
itself, time, unavailability, too much information, and incomplete information.

Woolf and Benson (1989) examined the costs and benefits of information for
physicians. The cost was the effort expended to gain desired information. The benefit was
the impact the information would conceivably have on a practice decision. The
researchers found that the use of information,

could be improved if designers better understood physician practice behavior and

professional peer networks, the personality and psychology of the physician user,

and the need to match information processes with the nature of the work task. It
has been suggested that system designers are developing products that are
inconvenient for doctors and, by virtue of providing the wrong type of

information, neither responsive to their needs nor cost-effective (p. 377).

Using the qualitative method of a semi-structured interview, Harris (1990)
discovered that there was a serious cost for nurses using computer generated care plans.
Harris described a system that only allowed data input and was designed for the purposes
of documentation and efficiency. The nurses experienced a feeling of
deprofessionalization, being controlled as they performed "mandated” activities they did

not value or find relevant to their practice.
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Schmitz (1987) called for a "systematic and unbiased evaluation methodology"
extending beyond technological issues and the organizational environment. Limiting an
adequate system evaluation, however, is the inadequate assessment of clinical nursing
information needs as well as what Grier (1984) terms "baseline data." Grier (1984) notes
that an impediment to the adequate evaluation of computerized information systems is the
lack of comparative manual system evaluations. That lack persists today.

Efficiency has consistently been the primary evaluative factor offered for NIS
(Hendrickson & Kovner, 1990; Kahl, Ivancin, Fuhrmann, & Markiewicz, 1990; Lower &
Nauert, 1992; Sinclair, 1991; Sneider, 1987). Developers and researchers have
additionally made claims for computerized NIS as saving on personnel expenses and
avoiding errors (Hendrickson & Kovner, 1990; Kahl, Ivancin, Fuhrmann, & Markiewicz,
1990; Lower & Nauert, 1992; Sinclair, 1991; Sneider, 1987). System efficiency has been
measured as a reduction in the time required to complete nursing documentation tasks.
Task efficiencies have been promoted as providing a saving in staff costs. Yet, many
installed systems are unsatisfactory to the clinical nurse (Feeney & Donovan, 1989;
Harris, 1990; Johnson, 1987; Kahl, Ivancin, Fuhrmann, & Markiewicz, 1990; McHugh,
Denger, & Cole, 1991; Packer, 1989).

The ultimate information system evaluation occurs at implementation. Developers
offer multiple reasons for system implementation failures including: inadequate
hardware, resistance to change, lack of appropriate training, insufficient assessment of
information needs, and a perceived loss of control and professionalism (Gould & Lewis,

1987: Norman, 1988; Summers, Ratliff, Becker, & Resler, 1989). However, it is difficult
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to ascertain specific reasons for nursing system failures because an NIS evaluation
process, except for hardware and software performance specifications, has yet to be
outlined. Simple resistance or inexperience can be explanations for failure only if
information system development has followed a user oriented design methodology, that
is, if the design itself is based on an assessment of user information needs and considers
the multiple demands of the clinical nursing environment. Systems must "not only meet
user's requirements for information, but also fit smoothly into their everyday routines"
(Perreault & Wiederhold, 1}990, p. 152). Nursing frustrations with NIS indicate that
evaluations based on observed efficiency and system costs are insufficient.

Semantic Differential

The semantic differential is a tool which has been used extensively to assess
attitudes, values, preferences, concept meanings and to define product markets
(Kerlinger, 1973; Nunnally, 1978). Using scales of bi-polar descriptive terms (e.g. hot,
cold; fast, slow) and difference distance summations, a semantic space can be constructed
representing a concept or set of subjects. Because attributes of information usability are
descriptive, multidimensional, and meaningful to the information system users, the
semantic differential (SD) appears especially useful for needs assessment and evaluation
(Osgood, 1969; Osgood & Suci, 1969; Osgood, Suci, & Tannenbaum, 1969). Employing
such an approach, information tools used in nursing practice may be plotted against one
another in the ideal semantic space for usable nursing information systems.

Osgood & Suci (1955) propose the SD as "a scaling instrument which gives

representation to the major dimensions along which meaning reactions or judgments
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vary" (p. 325). Kerlinger (1973) suggests the SD scale is a way to "see" how someone
else might think or feel; to see the relative value one places on a concept. Absolute
distances are the descriptors of difference. If the distance is small, then variables are
clustered. If the absolute distance is large, then the variables are distinctly separate.

In nursing, Jacobson (1984) used the SD technique in a comparison of nursing
theory models for practice relevance. Flagler (1989) developed a SD scale for the
comparison of the idealized maternal role with self perceptions of maternal competence.
Wikblad, Wibell, and Montin (1990) constructed a SD scale and assessed the patient's
experience of diabetes.

Four steps in the development of a SD scale are: 1) choose the concepts to be
rated, in this case nursing information tools, such that the concepts must produce some
variance and provide adequate coverage of the semantic space; 2) select appropriate
adjective pairs or scales based on the extent to which they possess factor
representativeness and relevance to the concepts used; 3) format the opposing adjective
descriptors as anchors on 3, 5, 7, or 9-point scales for each concept; and 4) analyze one or
more of the three sources of variance - concepts, scales, or subjects (Kerlinger, 1973).

As part of my doctoral course work, I developed a SD scale as a pilot for the
discovery of nursing information usability. Using an intensive interviewing technique for
data collection and analysis (Loftland & Loftland, 1984), five critical care nurses with
varying levels of expertise were asked about the meaning of information in their work —
what was it; when did it help; when did it get in the way; when did they seek out

information; what were their information sources. The interview transcriptions were
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reviewed and coded. The nurses discussed nursing care plans, the Kardex, nurse experts,
textbooks, report notes, and policy and procedure manuals. They described the
information tools they used with attributes such as authoritative, organized, difficult, at
the bedside, and available. When using information tools the nurses expressed their goals
as anticipating or organizing care.

From a total of 23 descriptive terms and 14 information tools initially mentioned
in the interview transcripts, 12 descriptive adjectives and 6 information tools were
identified as consistently referenced across all interviews and were used to construct a
pilot SD instrument. An additional sample of intensive care nurses with varying levels of
experience were asked to complete the SD. The number of respondents completing the
pilot SD was small (n=11) yet there was adequate variability in the responses to allow a
trial factor analysis. The mean information tool scores across all scale items ranged from
3.80 to 6.14 (1 being a negative and 6 being a positive attribute). The scale coefficient
alphas for each tool ranged from .71 to .91.

Using a principal components extraction, only two factors were extracted across
all tools in the pilot study—Ready & Able and Definitive. However, by simply
examining the mean item scores I saw a preference for using the Kardex and a dislike for
the nursing care plan. While the SD and factor analysis demonstrated usefulness in
describing the attributes of information tools, additional subjects and additional item
range were needed to define tool usability.

For this research, the pilot instrument development was expanded with additional

SD usability items from the HCI literature and additional subjects. The domain of nursing
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practice was narrowed to long-term care with the information tools used in that
environment and practice. Using the requirements gathering techniques of interview,
observation, and tool description, the goal was to further a definition of context-based
usability. Data from the requirements gathering were used to describe the long-term care
practice environment and nursing information flows. A SD scale was additionally
developed from the initial qualitative data as well as from the HCI literature as a means to
identify the key factors of usability from the nursing perspective. Finally, the usability
factors, identified using the paper-based tools in current practice, serve to establish a
baseline for information tool usability and an evaluative measure for the design of
automated nursing information tools.
Methods

To describe the usability of information tools in long term care nursing, three
phases of research were carried out. The first phase used the requirements analysis
techniques of observations, interview, and tool analysis with a sample of nurses
practicing in long term care in the state of Oregon. During the second phase, a SD
questionnaire was constructed using data collected in the first phase, a review of HCI
literature, and items retained from the pilot study. The third phase collected SD
questionnaire data from an additional sample of nurses in long term care in Oregon and a
factor analysis for factors of usability was performed.

Phase 1 Requirements Analysis

A purposive sample of nursing home facilities, representing urban, suburban, and

rural communities as well as facility size was chosen from a list of all nursing home
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facilities in Oregon. Repeated samples of nursing homes were selected until the
requirements analysis produced repetitive data (Strauss & Corbin, 1990). From a total of
30 facilities, 11 permitted on-site observations and suggested appropriate nurse subjects.
The nursing home facilities provided skilled nursing care, intermediate care, and long
term care. Their size ranged from 26 to 160 beds with a mean of 94.

Twelve nurses (two at one site) consented to participate as subjects of observation
and interview and were assured of anonymity (see Figure 1a). A $20 dollar honorarium
was offered to all observation and interview subjects who participated in this phase of the
study. Observations typically began after a change of shift report and averaged just over 2

hours. The subjects were instructed to proceed normally with their daily care routines

Figure 1a. Requirements Analysis
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during the observation period. The use of any identifiable information tool either to

record data or to retrieve data was noted by the observer with a start time, tool name, tool
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location when used, purpose, and stop time. Subjects also answered questions about tool
purpose or to clarify their actions.

Following the observation period, the nurse subjects participated in a semi-
structured interview (see Appendix A for the data collection instruments including
consent form, observation records, interview guide, tool description, and SD
questionnaire). The nurses answered questions about tool placement, tools they liked,
disliked, their characteristics, frequency of use, decision making tasks, trustworthy
information, and specific questions about their use of the federally mandated Minimum
Data Set (MDS). Subjects also replied to demographic questionnaire items.

Information tools used during the observation period as well as other information
tools identified in the resident care environment were examined. Tool content
characteristics were noted such as resident, process, or organizational data. Tool form
characteristics such as table structure, check charting, free text, color, and placement were
also collected. A review of the observation, interview, and tool characteristic data
produced the selection of common information tools for semantic differential analysis,
information flow diagrams, and a tool placement diagram on a typical nursing care ward.

Phase 2 Semantic Differential Construction

The pilot study factor analysis resulted in only two factors across all tools. This
indicated that the scope of SD terms describing information tool usefulness and usability
may be constricted. This could have resulted by relying solely upon interview data for the
scale items. Consequently, a list of usability descriptors was gathered during a review of

HCI literature. This list was reviewed for repetitiveness and clarity. A reduced list was
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submitted to three nursing informatics experts for a critique of scope, clarity, and true
opposite SD anchors (see Figure 1b). Using their comments, the list was reduced further
and submitted to two additional nursing experts in long term care. A final list of semantic
differential bi-polar anchors was produced following this review.

The information tools represented in the SD questionnaire were identified from
the requirements analysis data. Tools were chosen to represent a wide scope of nursing
activities, placement, and frequency of use. Finally, demographic items describing
respondent characteristics were added to the questionnaire.

Figure 1b. Semantic Differential Scale Development
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Phase 3 Demographic and Factor Analysis

Again the list of nursing homes in Oregon was used to produce a purposive
sample of representative nursing homes. Of 32 facilities contacted for inclusion in the
study, 21 agreed to either distribute the questionnaires themselves or allow the
questionnaires to be administered to their licensed nursing personnel. A five dollar
honorarium was offered to each nurse completing the questionnaire.

Questionnaire data were entered into database tables and verified. Descriptive
frequencies over all information tools and for each tool were run using the SPSS
statistical software application. A crosstabulation was performed to assess for patterns in
missing data. The cases responding “never” for frequency of use were removed from the
data table. A principal components analysis, varimax rotation factor extraction, and
oblique rotation factor extraction were completed for the tools used occasionally or more
frequently (see Figure 1c). Factor variables with the greatest loading on each factor were

Figure 1c. Usability Factor Extraction
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used to name the factors in the varimax and oblique rotations. Two informatics nurse
experts also reviewed a list of up to five variables for each factor and offered factor
names. Factor scores were used along with each tool’s standardized factor values to

calculate factor score values as:

tool’s factor score value =} (standardized variabie value x variable factor score value)
(Norusis, 1992, p.74)
The factors score values for each tool were used to place the questionnaire items and the
nursing information tools into the resultant factor space. Factor values were totaled for
each information tool as the tool’s usability index.

Results

Phase 1 Requirements Analysis

Twelve subjects were observed using 171 information tools over 24.5 hours of
observation. However, each of the eleven long-term care facilities utilized a slightly
different name for their nursing information tools. Consequently tool descriptions (see
Appendix B) assisted in aggregating tool names to 87 separate and unique tools. Table 2
lists the observational counts and task completion times. The most frequently used
information tool was the phone, followed by the medication administration record (MAR)
and the resident’s chart. The median time for phone use was 1 minute. Medication bubble
packs, which arrive from the pharmacy as a 1 month supply on a numbered card with
resident name, dose, and dose schedule, were used for the longest average and median
completion time. Passing medications was a continuous task frequently taking up most of
the morning. Many tools were used for completion times of less than 1 minute. Often two

tools could be used simultaneously.
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Most information tools were located at the nursing station, with other placements
on the medication cart, physically with the nurse, or at the resident’s bedside. Figure 2
depicts a typical resident care ward with information tool locations. Some reference tools
were hung from the walls in the nursing station or at the bedside while others were placed
under glass on table tops. Most information tools were table or column formats. A few,
such as admission forms used fill-in fields.

All observation and interview subjects were RNs, six from day shift, four from the
evening shift, and one was observed during the night to day change of shift. Respondents
averaged 41.8 years of age, have practiced nursing for an average of 9.2 years and long-
term care nursing for an average of 4 years. Their education was primarily an Associate
Degree: 8 ADN, 3 Diploma, and 1 BSN. Respondent ethnicity reflects Oregon’s largely
white population with only one respondent of Native American descent. Seven were
functioning as the charge or lead nurse with 3 resident care managers, one medication
nurse, and one per diem nurse. The census on the nursing wards ranged from 26 to 80
residents with an approximate care ratio of 1 staff (RNs, LPNs, CNAs, and RCMs) to 6
residents.

During the interviews, six respondents mentioned their personal worksheet or
“cheat sheet” as a tool that worked best for them. Also mentioned (more than one answer
was possible) were the assignment sheet, medication administration record (MAR), drug
reference, physician call sheet, 24 hour care sheet, Minimum Data Set (MDS), nursing

care plan (NCP), and the pharmacist. One nurse mentioned that her favorite tool was her
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self—her professional judgment. In descending order, the best placement for information
tools was the nursing station, on their person, on the medication cart, or at the bedside.

Tools that didn’t work well included some of the same tools: 24 Hour Care Sheet,
intershift communication book, CNA chart audits, ADL sheets, I&O sheets, free text
charting, MDS, NCP, functional measures, resident classification tool, dietary intake
sheets, procedure book, PDR, and MAR. Tools did not work well if they were
unstructured, unfocused, redundant, wordy, one-way information that only meets baseline
standards for care, make work, or not current. When nurses use a tool, frequently they are
backtracking information and following a trail as they puzzle out some order of events.
Other goals include validating information, communicating, “ getting to know a
resident,” a memory aide, a decision tool, or scheduling resident movements. Tools used
infrequently'yet valued highly included care guidelines or the MDS, drug reference texts,
and bedside care sheet. Five of the twelve respondents stated that they do not use the
MDS. However, one nurse stated that since she uses the bedside care sheet, which results
from the MDS, her care is affected indirectly.

The decision making events nurses frequently encounter are related to assessing a
change in a resident—knowing how far to push residents in their activities or knowing if
a perceived change is real and requires medical consultation. Pain medication orders and
staffing also require decision making and are assisted by information tools.

Many information sources were seen as invalid or incomplete. For instance,
resident transfer information received from social workers was not deemed well

structured for nursing care. Some vital sign, skin assessments, bowel and bladder training
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records were felt to contain falsified information; the very concept of bowel and bladder
training was not seen as realistic. Doctor’s notes were suspicious as “how do they know
the resident if they only see them 5 minutes every 3 months.” The sheer duplicity of
information in long term care was evident to the respondents and seen as one of the
reasons information may seem incomplete. Even with the great number of information
tools in the long term care environment, three respondents stated that most
communication among staff was verbal. Appendix C contains a summary of all interview
responses.

Using the data collected from the interviews, observations, and tool examinations,
a diagram of information flow among tools and personnel could be constructed. Figure 3
depicts the flow of data from the resident to the Lead Nurse, Resident Care Manager
(RCM), Certified Nurse’s Aide (CNA) and various information tools. Figure 4 is a
diagram of the telephone order process in greater detail. No physician or pharmacist was
identified during the observations. However, nursing staff did track resident problems
requiring medical consultation and did track phone messages to and from physicians and
their offices. Medication orders received over the phone were copied onto triplicate
telephone order forms, faxed to the pharmacy, placed in the chart and copied onto the
MAR.

Phase 2 Semantic Differential Construction

Review and analysis of the interview data, along with HCI literature and pilot
study data, produced a selection of 89 bi-polar descriptors and 44 information tools (see

Table 1). After reviewing the list for redundancy, 44 bi-polar descriptors were submitted
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to three informatics nurse experts for their review. The resulting 38 bi-polar descriptors
were submitted to two nurse experts in long term care for their review. The final review
produced 30 bi-polar descriptors to be used on each information tool in the questionnaire.
Eleven information tools observed in use, mentioned in the interview, or that were
diverse in content and form were chosen for the final questionnaire. Three separate
sequences of the bi-polar SD descriptors were rotated among three sequences of
information tool order. A number of the bi-polar descriptor items were also reversed from
right to left. Nine versions of the final questionnaire were used to prevent a response set
in the data. In trial, the questionnaire took approximately 15 to 20 minutes to complete.
The tools represented in the SD questionnaire are summarized in Table 3 and
include the 24 Hour Report, Activities of Daily Living (ADL) Sheet, Bedside Care Sheet,
Nurse’s Drug Reference, Medication Administration Record (MAR), Minimum Data Set
(MDS), Nursing Care Plan (NCP), Nurse Experts, Physician Call Sheet, Personal
Worksheet, and Resident’s Chart. Figure 5 illustrates the observation counts for nine of
the selected information tools with the MAR most frequently used. The Bedside Care
Sheet and Nurse Experts were not observed in use. However, Nurse Experts were
included in the SD questionnaire because they are frequently mentioned as information
resources in the nursing literature. The Bedside Care Sheet was included to capture point-
of-care usability data. The graph in Figure 6 illustrates the median use completion times
observed for the same nine tools. The highest median completion time belongs to the 24

Hour Report.
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Phase 3 Questionnaire Data Analvsis

Of the 206 semantic differential questionnaires distributed or administered at 21
long term care facilities, 112 were returned (54%). One questionnaire arrived too late for
inclusion in this study. Four questionnaires were removed from analysis as they were less
than 75% complete. Frequencies and measures of central tendency were assessed for the
remaining licensed nurse (RN or LPN) respondents (n = 107; 96% of the returned
questionnaires).

The questionnaire respondents largely represented registered nurses (RN) at
78.5% of the sample. LPN respondents were 21.5% of the sample. Almost half of the
questionnaire respondents were over 45 years of age (47.7%). Only 7.5% were younger
than 30 years of age. The respondents were also experienced nurses, nearly half (46.7%)
practicing longer than 10 years. However, their practice experience has not been in long
term care. Here over half the sample nurses have 5 or less years experience. Fifty-five
percent are Associate Degree trained. No respondent reported an advanced or graduate
degree in nursing. Ethnicity is represented as African or Caribbean 2.8%, Asian or Pacific
Islands 5.6%, Caucasian 88.8%, and Native American 0.9%. Most work on the day
(73.8%) or evening (20.6%) shifts with only 5.6% on the night shift. They describe their
working role for the day as charge nurse 41.1%, resident care manager 28.0%, director of
nursing 8.4%, other 8.4%, staff nurse 6.5%, medication nurse 3.7%, lead nurse 1.9%, and
per diem 0.9%. The facilities represented in the sample range from 27 to 161 beds (mean

106) and are located in 14 separate municipalities in Oregon.
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Figure 7 represents the frequency of use for each information tool in the
questionnaire as well as over all tools. The resident’s chart was reported as the tool most
frequently used. All but one of the information tools reportedly were used at least
occasionally. Only the Bedside Care Sheet possesses an average frequency of use less
than the scale midpoint. If the SD scale items are seen to have a positive pole, then Figure
8 depicts all tools with responses averaging positively (>4). However, the Bedside Care
Sheet, ADL Sheet, NCP, and MDS average below the mean for all tools.

This administration of the SD produced a Cronbach’s alpha value for internal
consistency of .91. Ttem variances ranged from 1.82 to 5.11. Those variables with an item
to total scale correlation of less than .45 included: At Bedside, Multidisciplinary, Person-
Oriented, Creative, Nursing, Lightweight, Portable, and Flexible. At Bedside was the
only variable correlating negatively with the scale.

To assess for trends in missing data, a crosstabulation was performed on the
questionnaire responses by questionnaire form, respondent license, years in practice,
years in long term care practice, education, age, ethnic status, work role, shift,
information tool, and frequency of use. Although there was a significant difference (p >
.000) in two of the questionnaire versions, missing data in 21.5% of the questionnaires in
format T2S3 and 28.6% of the questionnaires in format T3S1, these versions were not
alike in the order of tool presentation or variable items. A significant difference in the
number of questionnaires with missing data was also seen by years in long term care
practice. Nurses with greater than 20 years of long-term care practice returned 25.3% of

their questionnaires with missing data (p > .000). However, when viewing differences by
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age it was the younger (less than 25 years of age) respondent who left a higher number of
responses blank (36.4% of those 25 to 29 years of age, p > .000).

- By role, staff nurses (27.3%) and charge nurses (18.4%) have a significantly
higher percentage of missing data in their returned questionnaires (p> .000). A significant
difference (p > .007) in missing data was also seen in the SD items for the Bedside Care
Sheet (22.4%), Minimum Data Set (22.4%), and Physician Call Sheet (21.5%). This last
trend may be explained by the significant difference in missing data for the tools used
“never” (67.6%, p > .000) or less frequently and hence less familiar to the respondents.

Generally, the missing data took on a bi-modal picture, younger nurses and more
experienced nurses returned higher percentages of questionnaires with missing data.
Teasing out the characteristics of the nurse respondents, all nurses who described
themselves as staff nurses (100%) and most of the nurses who described themselves as
charge nurses (61%) were over 40 years of age. The younger nurses, 25 to 29 years of
age, described themselves as medication nurses (50%) as well as charge nurses (26.1%),
and lead nurses (23.9%). It could be surmised that nurses enter long-term care as staff
nurses and progress in their careers to charge nurses, resident care managers, and
directors of nursing. The experienced nurses who remain as charge nurses and staff
nurses do not have experience with the Minimum Data Set (MDS) and do not use the
Bedside Care Sheet.

After all cases that entered “never” for frequency of use were removed from the
analysis, a principal components analysis produced six factors with eigenvalues greater

than 1 (see Figure 9 for the scree plot). Even though respondents equal 107, the removal
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of all cases with frequency of use as never and a pairwise deletion of missing data
produced 1013 to 1043 cases for each item in the factor analysis (107 respondents x
eleven information tools = 1177 possible cases). All variables loaded on at least one
component in the analysis with communalities (the factor model explanation for the
variable) ranging from .46 to .68.

A varimax rotation solution and an oblique rotation solution each produced six
factors with all variables loading on at least one factor. Up to the first five variables for
each factor are presented in Table 6 along with names given to the factors by each of two
informatics nurse experts and the investigator. The variable items are plotted on the first
three factors of the varimax solution in Figure 10 and on the first three factors of the
oblique rotation in Figure 11. Multidisciplinary lies quite separately from the other item
variables in both rotations. An oblique rotation was attained assuming that there would be
some usability factor correlation. The oblique solution produced only one moderate to
low factor correlation of .41 between factor 1 and factor 4 (guiding and portable).

Standardized values for each variable were calculated and multiplied by the factor
score coefficients to produce factor values for each information tool in each rotation. The
factor values were used to plot each information tool in a three-dimensional factor space
using the first three varimax and the first three oblique factors in Figure 12 and Figure 13.
In Figure 12 the MAR (e) can be seen as highly productive while the MDS () is not seen
as simple, productive, or artistic in the varimax rotation. In the oblique rotation in Figure

13 Nurse Experts (h) and Personal Worksheets (j) can be seen to be very artistic while the
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Nurse’s Drug Reference (d) and MAR (e) are guiding and the MDS (f) is characterized as
thick.

Each tool is also represented on a radar graph formed of the six axes of the factor
rotation in Figures 14 and 15. Factor three in the oblique rotation has been reversed in
polarity from thick to lucid to present factors in the positive. This is a pictorial
representation of tool usability. The tools are presented in their total usability index rank
order (please refer to Table 5). The Personal Worksheet tool is ranked the highest in
usability in both the varimax and oblique solutions. Its radar graph therefore has the
largest area in both Figures 14 and 15. Interestingly, the MDS tool is ranked the lowest in
usability in both the varimax and oblique solutions.

Discussion

The primary question of this study has been: “What is usability as revealed by
information tools employed by nurses in long term care practice?” And, answering the
previous question: “How can a measure of usability affect design in automated nursing
information tools?” However, it is evident that nursing information tools, the nursing
practice environment, and the state of nursing knowledge are reflective of one another.
They are a system. A change in one alters the others. An examination of nursing
information tools then is much like digging up ancient pottery or craftwork and asking
questions about how the artifacts were used, how they evolved with the needs of the
culture or in reaction to the environment. A tool is designed to meet a need and yet the

design of a tool has the power to change the environment as well. An example might be
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the plow changing our landscape or the printing press altering education, science, and
religion.

Usability then, can only be measured while considering the nursing practice
environment, goals, and state of practice knowledge. Shackel’s (1991) review stated that

usability will be defined by goals and that viewpoint is supported here. But an over riding

question, which surfaced during this examination of usability in information tools, was

“ What are the nursing goals in long term care?” Nursing practice often states its goal as
individualized client-centered care but this is not the primary attribute revealed by this
study. Nursing information tools exist in a usability space primarily defined by the
organizational needs for productivity as perceived by nursing staff. Practice needs for
creativity and individualized care, regulation, and personal needs for clarity are
secondary. Usability space in this examination is similar to the patient-specific,
institution-specific, domain knowledge, and procedure information content discovered by
Corcoran-Perry and Graves (1990) in their analysis of information-seeking.

Current practice in ldng term care may be circumscribed by a few of its tools such
as the MDS, 24 Hour Report, and MAR. Yet these tools are not especially valued for
resident care information content by this sample of practicing nurses. Nursing
information tools in long term care are generally valued for the ability to keep the nurse
on time and on task. This may be reflective of the practice patterns of nurses trained in
earlier times or without much experience in long term care as was this sample, but that is
not clear. The emphasis on productivity likely is part of the organizational and societal

healthcare climate.
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The Semantic Differential

The high Cronbach’s alpha reliability score (.91) suggests there is evidence that
the SD has captured usability and that the SD tool has some redundancy. This is also
evident with the large number of scale variable items clustering in the first factor. Handy,
Accurate, Essential, and Natural could most likely be removed along with other items
without any noticeable change in scale function. This would make the questionnaire
shorter and therefore more acceptable to the respondents.

Indeed, whether using the principal components extraction, varimax, or oblique
extractions the same variables seemed to cluster as the first factor. First factor items were:
Helpful, Effective, Logical, Reasonable, Functional, Therapeutic, Diagnostic and Saves
Time. Additional variable items were variously combined with the above selection:
Natural, Reality, Safe, Accurate, Current, Handy, Essential, and Powerful. Complex
variable items, loading on more than one factor in one or more extractions included:
Current, Saves Time, Handy, Flexible, Enjoyable, and Lightweight. Current was both part
of the Guiding factor and the Portable factor. This no doubt reflects the up-to-date nature
of the Personal Worksheet, which is also portably stored in the nurse’s pocket. That
which Saves Time is appreciated both for its productive nature and simplicity. If a tool is
Handy, it not only assists productivity but it is simple and artistic.

The Multidisciplinary variable item behaved in its own unique way in this scale. It
was either a misunderstood variable or needs additional like-items to further reveal how it
affects nursing tool usability. Multidisciplinary however, could also be a poorly defined

practice reality. Does nursing know what multidisciplinary practice is? Are we doing 1t?
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At the Bedside, while performing well with the concept of client-centered, should
also be questioned for inclusion. It is not really an “attitude” that can be assessed. It
either is or it isn’t. However, as point-of-care technologies are taking hold in nursing
practice it remains important to measure whether and what information tools are
worthwhile at the bedside. These data can be collected through observation.

The Lightweight-Heavy polar pair was an item that also performed in complex
ways. Does lightweight mean easy or of little value? Does heavy mean ponderous,
important, or burdensome? As Easy is addressed in other items (Simple, Easy to Learn)
perhaps the concept of value should replace Lightweight. Heavy on the other hand
seemed to correlate with Legal and issues of importance.

Was Usability Defined?

Many definitions of usability, found in the HCI literature, were present in this
assessment. Functional, fast, and helpful were part of the guiding or productive factor;
enjoyable, pleasant, satisfying were seen in the artistic factor; easy to learn,
understandable, easy to remember were in the lucid factor (Gould & Lewis, 1987; Foss &
DeRidder, 1987; Lanzara & Mathiassen, 1988; Norman, 1988; Rust & Golombok, 1989;
Shackel, 1991).

Information tools were notably different in the way they guided care, allowed
expression and creativity, supported regulatory or legal needs, or were lucid and clear,
mobile and client-centered. Guiding care was complex. Guiding was seen as leading the

caregiver toward safe and effective personalized care. However, in this environment,
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guiding also returned to the need to “stay on track” toward the accomplishment of a list
of tasks without omission and with efficiency.

What the SD offered was a measure of degree for the factors of greatest
importance in this environment with this set of users. Usability was context based and, as
Landauer (1991) and Carroll, Kellogg, and Rosson (1991) state, of importance to a
specific user group. The SD additionally offered a usability index for the domain as
suggested by Carroll, Kellogg, and Rosson (1991) and obtained by summing factor
loadings.

Using the SD tool with this selection of information tools, usability was assessed
as truly multifaceted. Six factors of usability were revealed using either the oblique
extraction or the varimax rotation extraction. Many of the factors named in both
extractions were the same or similar, such as Artistic, Portable, Client-Centered, and
Simple/Lucid. But as usability is undoubtedly complex with interrelated, correlated
factors, this focus of analysis stresses the oblique results.

A focus on the oblique rotation solution is worthwhile. Rotation in factor analysis
simply twists the dimensional axes to best align the scattered variable values onto the
factor lines. Interpreting a solution is easier when variables are right on a factor line. This
is the varimax solution process. However, one of the assumptions of the varimax solution
is that all factors are exclusive from one another. As this is hardly likely in the “real” and
interpretable world of usability, an oblique solution allows factors to be less than

perpendicular to each other; factors may be correlated to some degree.
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The oblique rotation produced six factors. Variables loading on the factors were
as follows: diagnostic, logical, helpful, effective, functional, reasonable, and therapeutic
were Guiding; creative, flexible, and enjoyable were Artistic; complex, multidisciplinary,
hard to learn, wordy, and difficult were Thick; portable, available, and lightweight were
Portable; person-oriented, and at bedside were Client Centered; and legal and current
were Regulated. Although each usability factor name can be interpreted and named in
multiple ways, the requirements analysis exercise offered a placement for the usability
score values. Requirements gathering through observation and interview gave additional
interpretation to the SD factors. The SD factors indicated what tools possessed what sort
of usability, but it was the requirements analysis that supported this information with data
on how the tools were used and where.

Frequency of use did not appear to have a direct relation with tool usability (see
Table 5). A tool’s frequency of use however was not entirely a matter of choice; using
some tools was mandatory. The MAR and the Resident’s Chart were observed in use
most frequently (observed counts equal 23 and 21 respectively) and the Resident’s Chart
and Personal Worksheet had the highest reported frequency of use in the SD
questionnaire with means of 4.69 and 4.41 on a frequency of use scale of 1 (never) to 5
(all the time). Yet the Personal Worksheet ranked highest in overall usability (1.43) in the
oblique rotation solution while the Resident’s Chart ranked eighth (-0.14) in usability
(range was —1.88 to 1.43). The MAR was second in overall usability (1.01). Tools with
high frequency of use however, should be carefully crafted with healthy doses of usability

as they most frequently affect practice patterns.
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The oblique dimensions of usability formed a semantic space composed of
Guiding, Artistic, Lucid, Portable, Client-Centered, and Regulated. For illustration
purposes, the first three factors can become x, y, and z axes forming a usability space into
which the information tools can be plotted (see Figure 13). Guiding tools were the Nurses
Drug Reference, MAR, Resident’s Chart, Personal Worksheet, and Nurse Experts. Tools
that did not guide were the MDS, ADL Sheet, NCP, Bedside Care Sheet, and 24 Hour
Report. Oddly, one of the intentions of the MDS and NCP has been to specifically guide
care. Perhaps the nurse respondents were removed from the assessment and planning
activities the MDS and NCP were first designed to elicit.

Artistic tools were the Nurse Experts and Personal Worksheet. The Nurse Experts
were problem solvers, adaptable to many situations. The Personal Worksheet was usually
free-form and also adaptable to multiple data collection needs. Again, those tools seen as
not artistic were the MDS, ADL Sheet, 24 Hour Report and the MAR. Only the MAR
retained its value as usable, indicated by the total usability factor sum (see Table 5).
Lucid tools (reverse scoring for Thick) were the Bedside Care Sheet, Nurses Drug
Reference, Physician Call Sheet, 24 Hour Report, ADL Sheet, and the MAR. Thick,
unwieldy tools were the MDS, NCP, and Resident’s Chart. The Personal Worksheet,
MAR, and Nurses Drug Reference stood out positively on two factors each.

Evidently, the nursing care task or situation will differentiate between an MAR,
seen as guiding and lucid and an MAR that was not artistic. Perhaps its very sound,
unalterable nature was part of its value as a guiding tool. The Resident’s Chart also

offered guidance but with the difficulty of thickness. Its comprehensive nature offered
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nurses the opportunity to validate resident care activities yet made the Resident’s Chart
difficult to search and scan.

Recommendations for the Design of Information Tools

There is plenty of information to track in long term care but much of the
information handling that nurses do is for someone else. Data are copied, summarized,
and validated for administrators, physicians, and regulators. Indeed much of the MDS are
data that the Resident Care Manager (RCM) pulls from other sources so that it can be
viewed in one place (see Figure 3). For instance, the National Drug Code is requested for
every medication. This is simply a process of looking up data in another index and
transcribing it to the MDS sheet. A few of the interviewees rightly question the accuracy
of data collected for someone else or copied in multiple locations. Recopied data and
summated data activities are prime indicators of the need for data automation. Nursing
data users other than nurses must define their differing data report needs and must find a
way to meet those needs without getting in the way of the resident-focused care that
nurses desire. Data then collected in the process of nursing care can be queried to meet
the needs of quality assurance, financial management, and medical practice.

This may also be true within nursing practice itself. We have compartmentalized
our practice to meet varying needs. Nursing in long term care is not exactly one thing.
The responsibilities and activities of the charge nurse are quite different from those of the
medication nurse or the resident care manager. The nursing practice role will also

differentiate usability and information tool design.
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The nature of clinical nursing information, its placement, flow, and form, also
arises in this study. Information tools were found in the resident’s room, on the movable
medication cart, at the nurses station, and physically with the nurse. The farther a tool
was placed from the resident, the more likely it contained task or summated
organizational data. The tools that said the most about the resident in a quick and simple
way, as a person, were the Bedside Care Sheet and the ADL Sheet located the resident’s
room. These were tools that helped the nursing staff “ get to know” the resident,
thumbnail sketches of required daily care and resident preferences. The tools with
aggregated resident summaries or task lists were the 24 Hour Record and Physician Call
Sheet found at the nurses station. Although the Bedside Care Sheet and ADL Sheet were
consulted less frequently than other tools, and did not directly guide care, the thumbnail
sketch format could be used to develop a trended view. A trended Bedside Care Sheet
could be designed as the end-point of the MDS assessment and possibly useful in
answering one of the most frequent decision making problems namely, “is this a real
change in the resident?” Resident sketches are very important for safe care if there is a
greater use of temporary nursing personnel.

Examining the information flow diagram shows that data from the MDS may
indeed be reaching the Bedside Care Sheet but only informally through the RCM. In fact,
the information dead-end from the RCM through the MDS, RAP (Resident Assessment
Protocol), and NCP is worrisome. Of course, this same information will be brought to

care conferences and relayed through other more informal verbal communications. But it
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would be helpful for the advancement of nursing care knowledge if the information
impact could be traced and studied.

Information tools as memory aides are also evident among the tools assessed here.
That which works best is of the nurse’s own design, specifically the Personal Worksheet.
In some sense, the Personal Worksheet is not much more than a “ Things to Do” list and
free-form notepad. This is an aspect of nursing and its frequent interruptions that will no
doubt remain unchanged in the future. Personal ToDo lists may already be in their best
form. But the MAR is also a potentially powerful memory and information tool.

The MAR was used beyond its purpose as a schedule and record for medications.
It was also used as a memory aide and recording tool for any task with a regular schedule
or critical event. Due to the graphical design, the MAR offers an “at a glance” view of
what is needed and what has been done. However, nurses are attempting to crowd a great
deal of information into a space often less than ' centimeter square. A zoom feature may
be what is required of task management using the MAR. From a distant perspective, tasks
missed or soon due could be visually identified. Then, in an enlarged view, the specific
task data would be available and readable.

How would the SD tool be used in information system design?

Most clinical information systems are not designed for single facilities. This is too
costly for both the vendor and purchaser. Therefore the SD questionnaire is not
envisioned as a tool to be administered for each proposed installation. It can be used in

requirements gathering and within prototyping, as a background to product development.
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Participatory design techniques invite user collaboration but the “how to” in
participatory design is still under investigation (see Kjaer, & Madsen, 1995, for research
using exceptional work scenarios with users; Timpka, & Johansson, 1994, for action
design in clinical information systems; Beyer, & Holtzblatt, 1995, for apprenticing with
customers; Sachs, 1995, for defining a community of practice, reflection and making
organizational needs explicit). With additional research the SD could be a valuable tool
accompanying an assessment of organizational climate and goals. Requirements analysis
is part of the linear design process but should not be abandoned while using participatory
and prototyping design methods. Practice-based usability content can then be the starting
point for participatory reflection and system design.

With the assessment this SD has provided, a conscious effort at designing
resident-focused care into nursing information tools is also possible. A requirements
analysis might discover the usability and organizational needs evident within the baseline
paper-based information tools. The semantic space circumscribed by the tools in use
could initiate a discussion of organizational goals. Information and communication
system design become tools of organizational development, as they surely will impinge
on organizational functioning. For example, starting with the usability semantic space
defined by the tools in use, iterative prototyping exercises could concentrate on moving
tool design toward a stated goal of a client-centered focus. Repeated measures of
usability, targeting practice goals, could then be added to the usual design assessments for

system functionality.
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Significance for Nursing

Why be concerned with usability at all? Just as a well designed hammer will
improve construction—speeding the framing of a wall, decreasing the number of bent
nails, and diminishing user fatigue—well designed nursing information tools will
advance patient care, improve patient safety, and increase the nurse’s efficiency and level
of satisfaction. Anything information activity, and there are many in nursing, can
potentially be improved through increased information tool usability.

Information requirements gathering and analysis certainly must become a research
concentration in nursing informatics. If the power of implicit organizational or
professional goals is amplified by information system design, then nursing is obligated to
better understand information needs assessment and design. While an emphasis on human
cognition and a generalized “ intuitiveness” have affected system design decisions
throughout computer system design, this approach is not sufficient for nursing.
Information tools that are usable in nursing practice must fit within both the physical and
cognitive flows of practice, within the environment of care, and must support required
information flows for both resident care and management decision making. Nursing
information tools must also be designed with an overt goal statement. A requirements
analysis is necessary. The SD instrument developed in this study supports this
requirements gathering obligation.

Recommendations for Further Research

The SD instrument should be employed with other information tools in the long

term care nursing environment as well as in other nursing environments to increase the
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scope and understanding of usability. An accompanying exercise assessing administrative
goals would help interpretation. Or, if information system design is truly to be
participatory, perhaps the results of a tool survey using the SD can be used to assist in
designing nursing practice to meet collaborative goals. Introduction and testing in a
prototyping exercise is also necessary.

The varying information needs of special roles in long-term care nursing practice
also require further research. It is apparent from this study that the data used by RCMs,
lead nurses, medication nurses, and directors of nursing are quite different in form,
content, and locale.

Electronic data systems, especially systems accessible from remotely located
sites, will have an impact on the entire telephone contact process with physicians. No
longer will the lead nurse be charged with managing telephone messages and
consultations. An examination of the reason for calls, recorded on the Physician Call
Sheet, is additionally worthwhile. Telehealth applications might wisely target a number
of the care situations documented with this tool. More broadly, assumptions about
multidisciplinary practice situations deserve a careful examination as multidisciplinary
care and the term itself is poorly understood.

Summary

A requirements analysis is a powerful exercise necessary before any new
information system design is attempted. While some requirements analysis activities such
as task analysis are well understood, discerning the needs of nursing information system

users is more difficult. User information needs will be couched within the demands of
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their work, their environment, and their experience. Usability will define an information
system designed not only to meet information needs but also to easily mesh into and
support work functions, including the functions of decision making.

Nursing information systems and tools are no different. Nursing practice in long-
term care demands data collection and information retrieval tools that support practice
while not getting in the way—interrupting the flow and focus of the nurse. The paper and
pen based information tools currently used in long-term care practice have been honed by
the needs of the resident, the nurse, and the facility. These historical information tools
deserve inspection, defining a baseline of usability that can be used developmentally in
information system design. A semantic differential, planned with nursing information
usability in mind, has the ability to reveal usability in the long-term care practice
environment. Once defined, the semantic differential and the understanding of usability
may be used in participatory and iterative information system design for nursing practice.

Nursing information systems however will powerfully reflect the goals of
healthcare organizations. Organizational goals may not be expressed explicitly but are
apparent when assessing usability in nursing’s infqrmation tools. Nursing efforts may
also be ineffectively spent meeting the organizational productivity goal rather than
individualized resident care. Usability assessments cannot be performed without running
into this goal inherent in practice realities. Beyond productivity, nurses express usability
requirements of simplicity, nursing practice expression, portability, client-centered views,
and the need to meet regulatory constrictions. The requirements analysis process and

semantic differential usability instrument have the potential to inform information system
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design in a prototyping process. This process will however only follow the explicit or

implicit goals of nursing care.
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