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ABSTRACT 
This paper presents an approach to designing interactive systems 
that enables critical performance parameters to be identified and 
models of performance to be constructed.  The methods described 
are intended to enable designers to improve the performance of 
systems, and the provision of performance targets is expected to 
encourage innovation in design.  An example is quoted in which 
digital camera technology was applied to the support of authors 
using paper source documents, to enable them to capture source 
text more rapidly and thus increase their productivity, measured in 
terms of words per hour.  A model of the capture task was con-
structed, and was used to set a target time for capturing short text 
segments.  This target was presented to a design team, who re-
sponded with an innovative interface incorporating auto-
completion.  A prototype auto-completion tool demonstrated that 
the performance target could be met. 

Keywords 
Camera-based scanning, critical parameters, auto-completion, 
innovation. 

1 INTRODUCTION 
Designers of interactive systems, like many others in the computer 
field, face the challenge of keeping pace with a rapidly advancing 
technology while delivering a stream of benefits to their clientele.  
In interactive system design the challenge is heightened by having 
user communities as clientele, and by having to pass benefits di-
rectly to the user.  An understanding of how to deliver such bene-
fits, and what methods to employ to ensure they are delivered, is 
fundamental to design success. 

Over the last few years our own research has been concerned with 
developing methods by which designers of interactive systems can 

deliver performance improvements to their users.  We embarked 
on this research because we perceived that few such methods were 
available to designers.  We found evidence of this in our studies 
of the HCI literature [9, 12].  We also found, elsewhere in the 
literature on design methods, insights into how methods for per-
formance improvement might be developed [17,18]. 

Recently we have begun to focus on the potential role of applica-
tion-specific critical parameters as a basis for measuring and 
predicting the performance of interactive systems [10].  These 
parameters provide designers with the means to assess how well a 
system serves (or will serve) the needs of its users, and to support 
the comparison of one design with another.  We began simply by 
investigating whether these parameters might exist.  We found 
from our initial studies that they did, and therefore began to con-
sider how they might be used in design.  In a recent paper we 
report on our investigations of critical parameters in a number of 
application domains [13]. 

A recurring issue in designing for performance is whether this 
promotes or discourages innovation and creativity.  Specification 
of a performance target sets a constraint on the design and might 
therefore be expected to limit innovation.  On the other hand, 
many examples can be quoted of highly innovative designs – the 
jet engine, the transistor, RISC technology, etc. – that have sprung 
from the need to overcome performance barriers.  We would 
agree that setting generic performance targets for interactive sys-
tems could impede those searching for new applications for tech-
nology.  But this is not what we are about; we want to understand 
how existing, identified applications can be better served by inter-
active systems.  We claim that performance targets can indeed 
help designers achieve innovative solutions in specific application 
domains, and hope this paper helps justify this claim. 

A second issue addressed in this paper is whether designers of 
interactive systems can readily work with critical performance 
targets.  The results of recent research have been encouraging.  
We have conducted an experiment in which we first identified a 
critical parameter and used it to establish a performance target.  
We then passed this target to a design team, who were able to 
devise a solution that met the target.  Furthermore the approach 
they took was relatively innovative: the challenge of meeting the 
specified target appeared to push the design team into considering 
fresh design options.  In the final discussion section of this paper 
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Figure 1.  Measuring and modelling performance: (a) using 

critical parameters CP1 and CP2 to measure a system’s sup-

port for a work process; (b) using a model to make predictions 

of performance of the work process, in terms of the same criti-

cal parameters CP1 and CP2.  With the model, the designer 

can make performance predictions without the need for a 

working prototype. 

we consider some wider implications for the design of interactive 
systems. 

2 CRITICAL PARAMETERS: OUR 

RESEARCH STRATEGY 
Our research strategy hinges on demonstrating that critical per-
formance parameters can be found in work activities.  These pa-
rameters provide a basis for modelling the impact of interactive 
systems on the work, and for designing systems that support the 
work better.  As explained in [13], we define a critical parameter 
as a metric for an aspect of the system’s performance that exhibits 
three properties: 

• It is critical to the success of the system in serving its pur-
pose.  The parameter therefore offers a basis for judging 
which of several solutions is superior.  A well-documented 
example of a critical parameter is telephone operators’ call-
handling time, used by Gray et al. in their “Project Ernestine” 
study of two different operator workstations [3]. 

• It is persistent across successive systems designed for a par-
ticular purpose.  It therefore avoids the need to identify design 
criteria afresh every time a system is developed. Instead the 
same parameter can be applied as before, setting an appropri-
ate new value as the target.  Persistent parameters provide a 
basis for comparing successive designs and assessing 
cost/benefit.  In the Project Ernestine example, call-handling 
time had been in use since the 1960s as a critical parameter in 
designing telephone operator workstations [6]. 

• It is manipulable by designers, allowing them to predict per-
formance and thus make informed design tradeoffs that lead to 
meeting targets.  Designers of telephone operator worksta-
tions, for example, aim to make changes to the user interface 
that reduce call-handling time; one outcome of Project 
Ernestine was to provide them with an improved model of 
call-handling that provided more accurate performance pre-
dictions.  In situations where there is no such means of pre-
dicting performance, the designer cannot manipulate the pa-
rameter, and the result may disappoint. 

We have identified critical parameters in a number of work set-
tings.  One of these, mentioned in [13], is reviewer assignment 
time in the conference paper review process.  Several factors have 
motivated us to focus on work activities, including our own cor-
poration’s interest in developing technologies for the workplace.  
There are undoubtedly critical parameters in leisure activities too.  
Alm et al., in their study of conversational prostheses, identified a 
critical parameter (words of speech per minute) that applies in 
any conversational setting [1]. 

2.1 Modelling performance 
When we first embarked on this research, our interest was mainly 
to identify the parameters critical to design success.  Now the 
primary focus of our research is increasingly on developing im-
proved methods for modelling interactive system performance, 
with critical parameters as a basis for measurement.  In this way 
we can equip designers with tools for making predictions of their 
designs’ performance.  In other words, we can ensure that the 
critical parameters we identify are manipulable. 

The need for models to accompany parameters is illustrated in 
Figure 1.  Parameters on their own enable designers and evalua-
tors to focus on critical aspects of performance, but only when 
they have a working prototype available for testing (Figure 1a).  
By this time it is often too late to deal with a shortfall in perform-
ance.  It may not even be clear how to deal with it.  Armed with a 
model of the system’s support for the work process, however, the 
designer can conduct repeated analyses of the system’s perform-
ance whilst the system is still in an early stage of design, and can 
identify sources of shortfalls (Figure 1b).  We believe that only a 
combination of metrics and models will overcome weaknesses in 
current system design methods.   

We claim that knowledge of critical parameters can simplify the 
task of constructing predictive models.  Rather than attempt to 
model all aspects of work performance, which would be out of the 
question, model-building can be focused on predicting just those 
aspects of performance that are critical.  Our approach is therefore 
to look for a small number of critical parameters that provide 
measures of how well the work is performed overall.  We con-
struct models that enable designers of supporting technology to 
make predictions of performance, measured in terms of these 
critical parameters.  The same parameters can be used when 
evaluating the performance of the finished system.  In this way, 
designers can work towards meeting specific performance targets 
and can later test whether these targets have been met. 

3 APPLICATION-SPECIFIC STUDIES 
We have conducted a number of studies with a view to identifying 
critical parameters in the workplace.  Our primary interest has 
been in supporting knowledge work.  This is an attractive arena 
because the benefits to knowledge workers from interactive sys-
tems have been hard to measure in the past, and are likely to be 
increasingly important in the future.  Our studies have covered 
several types of such work: primary health care, use of source 
documents in libraries, various kinds of authoring work and, most 
recently, information seeking in support of document creation.  
Our research methods vary from study to study, but typically in-
volve two main study phases: 

1. Ethnographic fieldwork directed towards identifying the 
work’s overall structure and its critical parameters; 

2. Detailed data gathering and analysis leading to modelling 
the effect of technology on overall performance. 
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These two phases draw heavily on conventional methods of field 
study and task modelling.  In the first phase, however, we main-
tain a particular focus on gathering data that will help us to iden-
tify the structure of the work, gather examples that we can use as 
scenarios or benchmarks, and identify overall critical parameters.  
In our study of primary health care, for example, we videotaped 
about 80 consultations and followed them up with interviews.  
Our analysis enabled us to identify the principal stages of consul-
tation  (greeting, history taking, examination, diagnosis, treatment 
discussion, conclusion), consistent with others’ findings [2, 5].  It 
also shed light on the ways patient records play into this sequence, 
an issue largely overlooked by previous studies.  We were able to 
identify a critical parameter – time lost to disruptions in the con-
sultation sequence – and to explore the influence of patient re-
cords systems on this parameter (Figure 2). 

In our second phase of study we rely mainly on task analysis to 
discover elements of the work that influence overall performance.  
We have also found Conversation Analysis (CA) effective here.  
In the study of primary health care, for example, we were able 
through CA to perceive the potentially disruptive effect of physi-
cians’ accesses to patient records.  If this access took more than 
about 10 seconds (as it often did when computer records were 
accessed) the patient was likely to break the resulting silence with 
a new and possibly time-wasting topic of conversation.  We thus 
identified a property of the patient records system – percentage of 
accesses lasting longer than 10 seconds – which appears to influ-
ence the disruption-time parameter.   

These studies are of necessity application specific.  Knowledge 
work does not follow a single universal structure, nor can it be 
measured by a single set of critical performance parameters.  
Within a particular context, however, knowledge work often fol-
lows consistent patterns in both structure and performance.  These 
patterns persist across time and can therefore guide the design of 
many generations of solution.  In primary health care, for exam-
ple, there is a persistent pattern to the consultation sequence (see 
above), and to the allocation of time to the consultation (7 to 10 
minutes).  This persistence of performance measures and proc-
esses could be maintained partly through consistency in the train-
ing each profession receives, and partly by requirements for work 
sharing.  For example, in financial work an analyst comes to know 
that the data supplied by a colleague will be calculated in a par-
ticular way and will be supplied by a certain deadline.  By focus-
ing our studies on carefully delineated application domains we 
can discover these work structures and the parameters that go with 
them. 

4 AN EXAMPLE: DESIGNING FOR 

RAPID SOURCE TEXT CAPTURE FROM 

PAPER 
To illustrate the use of critical parameters we describe a project 
we have undertaken recently involving, as its application domain, 
the creation of documents using multiple sources.  This domain 
had previously been under investigation for some time in our 
laboratory [14, 15].  We built on our earlier studies, applying 
critical parameter methods in order to design a supporting tech-
nology based on camera-based scanning. 

4.1 Use of source documents while writing 
We are concerned here with a work context in which an author is 
preparing a document, not entirely out of his or her own head, but 
instead relying partly on drawing text from existing documents.  
In the workplace this is an extremely common approach to docu-
ment preparation.  We have frequently observed authors working 
with a number of source documents, from which they extract 
segments of text, columns of figures, diagrams and images [15, 4]. 

Authors are especially prone to refer, while preparing an elec-
tronic document, to the paper form of a source document – a table 
of data, a report, a book, a photocopy and so forth.  O’Hara and 
others [14] investigated this and other configurations of source 
and target documents, and found authors had a marked preference 
for working with source documents in paper form, rather than on-
line, even though this might involve extra re-keying.  In contrast, 
they preferred to create documents on-line rather than on paper. 

Despite authors’ almost universal preference for using paper 
sources during on-line document preparation, little attention has 
been paid to developing technologies to assist such authors.  The 
technologies most widely recommended for text capture – hand-
held and flatbed scanners – are cumbersome and slow to use.  
Their cost has fallen dramatically in recent years, yet there is little 
evidence that this is persuading authors to turn to them as a means 
of capturing information from sources while writing.  Re-keying 
of paper-based source text is still universal. 

4.2 Digital cameras as source capture 

devices 
One device that has attracted our interest as a means of text cap-
ture is the digital camera.  It lacks the flatbed scanner’s capacity 
to capture large, high-resolution images of documents, but this 
disadvantage is rapidly receding as large sensor arrays become 
available at low cost.  The main attractions of the digital camera 
are the speed with which it can capture images, and the conven-
ience of a device that can be mounted over the desk where it can 
scan documents as they lie face-up. 

A system developed at our research centre, CamWorks, uses a 
digital video camera for capturing text and images from paper 
documents [11].  The camera is mounted vertically over the desk 
beside the workstation, and a live video window displays the 
camera image to the user, enabling the document to be positioned 
under it (see Figure 3).  The user can then select a portion of the 
document, using similar selection methods to those of a word 
processor, and can drag and drop the selected portion (text or 
image) into an electronic document. 

Prior to our critical parameter study, usability tests had been con-
ducted to compare text capture times for CamWorks with times 
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for flatbed scanning and for retyping the text.  These are shown in 
Figure 4.  They showed a reduction by approximately 40 seconds 
in capture time when CamWorks was used in place of the flatbed 
scanner.  Re-keying time was of course dependent on the amount 
typed and on typing speed (here 35 words per minute).  The re-
sults were encouraging, but could not confirm whether Cam-
Works would be effective for source usage while writing.  We 
therefore undertook a series of studies, which we describe here as 
Studies A, B and C.  They enabled us to identify critical parame-
ters, construct performance models and thus design a new system 
whose performance we predicted (and later showed empirically) 
would make it preferable to other means of source text capture. 

4.3 Study A: Establishing critical 

parameters for the authoring application 
The main question that prompted the next phase of research, in-
volving critical parameters, was this: could we develop a camera-
based technology offering a viable alternative to re-keying source 
text from paper?  We had convincing evidence that a digital cam-
era could out-perform a flatbed scanner.  We could not make any 
predictions, however, of the camera’s ability to save the author 
from re-keying source text.  The camera might well be rejected by 
users if they perceived that it supported them less well than the 
keyboard.  

Our first step was to try to identify a critical parameter for meas-
uring the technology’s overall level of support to the author.  We 
conducted a field study (Study A) involving ten professionals 
whose work involved large amounts of writing from sources [16].  
They included consultants, lawyers, educationalists and academic 
researchers.  Each of the participants was videotaped and ob-
served performing a ‘real-world’ writing task in their everyday 
work setting.  We learned from this study how the participants 
organised their source information, how they worked between 
multiple sources, and what steps they went through to construct 

their documents.  Importantly, we also learned how they gauged 
their productivity or performance.  A critical parameter that 
emerged from this study was words per hour drafted.  A number 
of participants confirmed that they used this measure of writing 
speed to estimate their performance. 

4.4 Study B: Developing a model of 

authoring 
Our next step was to develop a model of authoring that would 
explain and predict the technology’s contribution to achieving 
words per hour rates.  For this step we conducted a controlled 
study, Study B, involving six university students enrolled in a 
range of social science and humanities programmes. Using a sim-
ple experimental design, we asked each of the participants to write 
500 words on a specific subject (human cloning), using a number 
of related sources which we provided on paper.  We videotaped 
each session, and reconstructed the sequences by which each par-
ticipant constructed their articles.  In building this model we drew 
on previous studies of typing, in particular [7]. 

We found that most of the text copied from the sources was in the 
form of single words or short phrases, many of them terms, names 
and dates incorporated into paraphrases of the source material.  
With only six participants it was not possible to gain a reliable 
model of the distribution of phrase lengths, but there was a clear 
bias towards short phrases, nearly 60 percent of the phrases cop-
ied being of 4 words or less (see Figure 5). 

4.5 Modelling text capture 
The result of this second study was a partial model of how text 
capture contributes to writing speed.  It provided a rough distribu-
tion of the word-lengths of captured text items, as shown in Figure 
5.  It also provided estimates of mean capture times for text seg-
ments of a given length (see Table 1).  From the recorded times 
we calculated an approximate re-typing speed of 29 wpm. Taken 
together, these figures could have allowed estimation of the net 
gain to the user, across a writing task with similarly distributed 
captures, if capture times were altered.  However, the small sam-

 

Figure 3: The CamWorks system in use.  A digital video 

camera captures images of a document on the desk, from 

which the user can select text and image segments for 

copying into an electronic document. 
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ple size on which we based the measured distribution meant that 
we could not rely on this model in deriving critical parameters and 
targets.  

We therefore adopted a simpler model, in which we relied only on 
reducing capture times across as wide as possible a range of text 
segment lengths.  Based on experience with CamWorks we ex-
pected a significant reduction could be achieved in times for long 
segments, but short segment times might be hard to reduce.  We 
adopted short-segment capture time as our critical parameter, and 
set the design team the task of matching the 8.2-second re-keying 
time for 4-word segments, and reducing times for segments longer 
than this. 

4.6 The design of a camera-based text 

capture tool 
We communicated the results of our study to the CamWorks de-
sign team.  We explained the need to match the 8.2-second cap-
ture time for 4-word segments, as well as reducing times for the 
longer segments that authors captured less often.  We gave them 
the data on observed capture times (Table 1).  We reminded them 
that CamWorks, during evaluation, had exhibited a minimum time 
of around 25 seconds for very short captures; this would be very 
hard to reduce to 8 seconds. 

The design team adopted the idea of using camera-based auto-

completion to support faster captures.  This was an idea that had 
arisen during our experiments with new techniques for interacting 
with video images of documents, but in the absence of motivating 
requirements it had not been tried or tested.  With auto-
completion, users could specify the text they wished to copy by 
typing the first few characters of the text, rather than by selecting 
it with the mouse.  The user interface of the word processor could 
be modified to show, as the user typed, candidate words found in 
a document placed under the digital camera (see Figure 6).  The 
user could accept the word using a special key, and could accept 
subsequent words by pressing the key again for each word.  Alter-
natively the user could step to the next candidate word, or could 
simply ignore the offered completion and keep on typing. 

4.7 Modelling the design’s performance 
We made predictions of capture times using Kieras’s Natural 
GOMS Language [8]. According to this model, if image process-
ing and text recognition times could be reduced to zero, users 
would take approximately 3.6 seconds to copy one word using the 
auto-completion system. Each additional word would take a fur-
ther 1.0 seconds to copy (Table 1).  The auto-completion tool 
should thus be able to out-perform the speed of users re-keying 3-
word segments at 29 wpm.  It should offer an increasing advan-
tage when the text segments were longer.  We could expect users 
therefore to prefer the auto-completion tool for most if not all of 
their source captures.  It seemed likely they would accept it, at 
least on performance grounds. 

These predictions relied on reducing to zero the time taken to 
process the camera image and recognise the text, and this was 
patently impossible.  In this initial design exercise, however, we 
were concerned less with reducing these computation times, and 
more with evaluating both the new design strategy and the whole 
approach of designing to meet targets designed in terms of critical 
parameters.  We therefore chose to simulate, in the prototype sys-
tem, the effect of ‘instantaneous’ image processing and recogni-
tion. We comment on this decision later, in the Discussion sec-
tion.  

Table 1: Actual re-keying times and predicted word-segment 

capture times using the auto-completion tool for a 29-wpm 

typist. 

words 1 2 3 4 5 6 7 8 9 10 

re-key, 
secs 

2.0 4.1 6.1 8.2 10.2 12.2 14.3 16.3 18.4 20.4 

prediction, 
secs 

3.6 4.6 5.6 6.6 7.6 8.6 9.6 10.6 11.6 12.6 

A prototype tool was built, driven by an auto-completion user 
interface embedded in Microsoft Word.  Near-zero processing 
time was achieved by pre-processing all of the source documents, 
and printing on each one a unique barcode that enabled the auto-
completion tool to retrieve and display the pre-processed contents 
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as soon as the document was placed under the user’s camera.  The 
prototype was subjected to a short usability test in which some 
user interface problems were identified; these were then resolved. 

4.8 Study C: Validating the performance 

estimates 
To validate our model and the auto-completion tool itself, the 
system was used in a final authoring experiment (Study C). Six 
students took part in this experiment, all drawn from the same 
group as before but none of them participants in Study B, and all 
having typing speeds of approximately 29 wpm.  Each was asked 
to complete an authoring task identical to the first, but this time 
using the auto-completion tool.  Prior to the experiment they were 
trained to use the tool until they reached a specified level of com-
petence and appeared comfortable with its use.  As before, the 
sessions were videotaped and the sequences of sentence construc-
tion were extracted. 

Table 2 summarises the quantitative results of Studies B and C.  
The Study C figures were calculated by fitting a straight line to 
the capture times of each of the participants, and taking the mean 
of their times for capturing the first word (3.8 seconds) and for 
each additional word (0.91 seconds).  Observed performance 
matched predicted performance closely throughout the critical 
range from 2 to 5 words, with less than 0.2 seconds error.  The 
main error in the model appears to be an over-estimate of the time 
taken to capture additional words: our predicted time was 1 sec-
ond, and our line fit gave 0.91 seconds. This difference is not 
significant given the small sample size, sample variance and 
measurement errors. 

 
Table 2: Full results, including actual times using the auto-

completion tool. 

words 1 2 3 4 5 6 7 8 9 10 

re-key, 
secs 

2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 

prediction, 
secs 

3.6 4.6 5.6 6.6 7.6 8.6 9.6 10.6 11.6 12.6 

auto-comp, 
secs 

3.8 4.7 5.6 6.5 7.5 8.4 9.3 10.2 11.1 12.0 

 

5 DISCUSSION 
The research described here has been interesting for us, both as a 
design exercise in its own right and as an indication of how criti-
cal parameters can potentially assist the design of a wide range of 
interactive systems.  As a design exercise it generated some valu-
able outcomes: 

• Our study led us to a critical parameter (short-segment text 
capture time) that we had not previously identified.  Through 
further study this parameter could, we believe, be linked to 
overall writing speed. 

• With re-keying times as a baseline, our designers were able to 
work with this critical parameter, and arrive at a satisfyingly 
innovative solution based on auto-completion. 

• The parameter we identified proved to be manipulable, in the 
sense that performance predictions could be made that were 
accurate enough to guide the design team to an efficient solu-
tion. 

The problem of designing a capture tool to support authors is far 
from solved.  In particular, our solution assumes zero processing 
and recognition time, whereas in reality a time of 10 seconds or 
more is likely.  We are confident this time can be reduced signifi-
cantly.  Now that its contribution to capture times (and possibly 
writing speeds) can be modelled, we hope that other researchers 
will tackle this problem as enthusiastically – and innovatively – as 
our team tackled the problem of rapid selection. 

A question of wider significance is whether designing in terms of 
critical parameters, identified through studies of applications, can 
and should be practised more widely.  There are two questions 
here: is it practical to design this way, and is it beneficial? 

Use of critical parameters can become practical only if the pa-
rameters themselves can be identified.  Our recent work confirms 
our earlier claim that critical parameters exist in many application 
domains [10].  We can now see that the derivation of predictive 
models is as important as the identification of parameters, and that 
the two combine to form a powerful basis for innovative design.  
However, our research also confirms that these parameters and 
models are time-consuming and often difficult to identify.  This 
difficulty may persist; but if the parameters and models persist too 
then the effort will have been well spent. 

Use of critical parameters and models will be beneficial if better 
interactive systems result.  Our experience is that the results are 
indeed better: they provide better support to the user, and incorpo-
rate innovations that would probably not have emerged otherwise.  
There is a danger, of course, that parameters and models will be 
incorrectly identified, leading to performance ‘improvements’ and 
innovations that provide no help to the user.  However, this can be 
ironed out by the iterative process of testing and validation.  It 
seems likely that the use of critical parameters can lead to more 
real advances and useful innovations than are generated at present. 
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