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Abstract 
Certain types of products appear to be continually associated 
with poor interfaces. Especially for these product types, the 
need for active end-user participation in development activi
ties is seen increasingly as critical to quality interface devel
opment. Cooperative Interactive Storyboard Prototyping 
(CISP) is a development approach facilitating active end
user participation in design activities that help to address 
these apparently difficult design problems. Key features of 
CISP include: 1) reducing the time and effort required to 
produce iterations of prototype interfaces; 2) support for in
teractive prototype use, evaluation and modification; and 3) 
creation and use of modifiable, domain specific building 
blocks. 
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Introduction 
The interfaces of computer systems embedded in certain 
types of consumer electronic products are frequently targets 
of criticism. Perhaps the most frequently cited examples of 
poor user interfaces are those associated with video cassette 
recorders (VCRs). To cite a popular reference, the April 29, 
1991 issue of Business Week reported that only 3% of total 
TV viewing time went to shows that were recorded by the 
users. Further surveys report a high percentage of VCR 
clocks flashing off and on, indicating they aren't set. Two of 
the obvious consequences of these poorly developed hUlTh'Ul 
computer interfaces are: 1) a considerable portion of the 
population is unable to benefit from the primary functional
ity of these products; and 2) the loss of potential recording 
tape sales represented by the flashing clocks. 

In PDC'92: Proceedings 0{ 1M Panicipalo'1 Desig" CDfl/er. 
ence. M.J. Muller, S. Kuhn, and J.A. Meskill (Eels.). Cambridge 
MA US, 6-7 November 1992. Computer Professionals for Social 
Responsibility, P.O. Box 717. Palo Alto CA 94302-0717 US, 
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The need for active end-user participation in development 
activities has been acknowledged and is reflected as increas
ing interest in profeSSional gatherings such as the Computer 
Supported Cooperative Work and Participatory Design con
ferences. Prototyping has contributed to the success of end
user design activities [7]. Both theoretical arguments and 
empirical evidence indicate a strong cause and effect rela
tionship between development approaches permitting realis
tic conditions for prototype evaluation and successful inter
face development efforts. Better solutions are achieved 
when the user is better prepared to participate in develop
ment processes [10], [11]. 

Storyboard prototyping is a variation on the general 'plan to 
throw one away in order to get it right' school of software 
development promoted by Brooks and others [1], [3]. [8]. 
[13]. As in film production, the use of storyboards in the de
velopment of computer systems is a way to 'sketch out' the 
future system early in the development process. In an effort 
to verify the requirements, the developer uses nonfunctional 
mockups, a technology dating at least to the 1930's, to illus
trate a task driven view of the proposed system for the user. 
The concept of iteration as a discovery process is the key to 
prototyping. Each successive iteration brings the prototype 
one step closer to correctly representing the user needs. 

Delay associated with production of the next version of the 
storyboard is a source of frustration for storyboard develop
ers. Too much time between user review sessions leads to 
loss of cognitive momentwn and can introduce errors to and 
perpetuate omissions in the development process. The fol
lowing quote from Steve Andriole's first edition of 
Storyboard Prototyping succinctly states the current itera
tive production approach. "The screens were developed on 
an Apple Macintosh. The board was demonstrated for com
ment.and changes made." [I, p. 73]. 

Inspired by Scandinavian research into cooperative design 
[11], the thrust of the Cooperative Interactive Storyboarding 
Prototyping (CISP) approach is to involve users more ac
tively in the prototype interface development. CISP em
powers users with tools and techniques encouraging them to 
interactively contribute to real-time, storyboard use, evalua
tion and moditication. Crucial here is the concept of 



Figure 1. Video Recording Setup and View from Scene Camera. 

the role of the user changing from reviewer to co-developer. 
By drawing the user into the production process itself, CISP 
seeks to reduce the delays typically associated with the pro
duction of the 'next iteration' of the storyboard. In addition 
to reducing iteration delay, CISP also provides situations 
where users can evaluate the storyboard prototypes under 
realistic circumstances and modify them in real time. 

While the effort described is very much 'work-in-progress,' 
we have had some experience using CISP, having used it to 
develop a VCR interface and evaluated the efforts of a small 
group of Masters-level students, studying Human-Computer 
Interaction, as they used the interface to complete certain 
VCR specific tasks. Preliminary resUlts, what Brooks labels 
observations [3], are promising. When applied to prototyp
ing, the increased, collective, cognitive momentum seems to 
favorably effect the quality of the resulting development 
efforts. The next section of this paper contains our motiva
tion for developing the approach and a description of the 
CISP-Tool. It is followed by a brief description of related 
research approaches. A report of our observations and ex
periences is followed by a set of preliminary conclusions. 

TIlE CISP-TOOL 
A large part of the impetus for this investigation came 
shortly after we excitedly unpacked a new piece of multime
dia equipment for the Hypermedia Technologies 
Laboratory. We anticipated the unit, the NEC PC-VCR S
VHS video cassette recorder with an RS-232 interface, 
would be an important tool - augmenting our efforts in the 
lab to apply hypermedia technologies to the analysis phase 
of decision making and problem solving. Unfortunately, 
while the unit was technically functional, correctly interfac
ing with the lab's Macintosh™ computer network, the user
computer interface was no better and in some ways worse 
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than any of the hundreds of other available video cassette 
recorders, lacking even on-screen programming. 

Deciding that anything we did would be an improvement 
over the current interface, we began analyzing user interac
tion with the existing interface. As part of our analysis, we 
attempted to use scene and overhead cameras as shown in 
Figures 1 and 2. Finding the 'talking out loud protocol sup
plemented with video images' approach unsuitable for elicit
ing user comments, we began to develop the CISP-Tool 
with an eye towards creating a solution permitting a general 
approach to these difficult problems. VCRs have limited in
teraction modes; most user actions consist of pushing but
tons. Limited interaction modes made it easy to develop a 
storyboard for this prototype. As a HyperCard extension, 
the CISP-Tool is not limited to situations where user inter
action consists of just pushing buttons, but permits the use 
of external commands and functions which allow developers 
to create fully functional interfaces such as the one created 
for the PC-VCR. 

Figure 2. Upside Down View from the Overhead Camera. 



The next section of the paper describes how CISP is used to 
achieve two specific participatory design goals: 1) interface 
development using domain specific building blocks; and 2) 
support for interface use, evaluation and modification by 
users. 

Interface Development Using Domain Specific Building 
Blocks 
The more users are able to work with familiar objects the 
better they will be able to relate to the development process. 
CISP supports collaborative interface development by per
mitting the user to combine building blocks made up ~f ?o
main specific objects. Figure 3 shows a sample bulldmg 
block, switches used to move between system states such as 
"power on/off," "s-vhs on/off," and "record speed 
fast/slow." The lower part of the illustration represents the 
VCR control panel and the upper part represents the VCR 
display panel. As the switch is the turned on and off, .the 
display changes accordingly. Typically, this type of budd
ing block is created using multiple. button and text ~elds. 
CISP permits developers to create thiS type of compos~te do
main specific object. The switch object. can be duphca~ 
using a single copy/paste operation and, If necessary, modi
fied afterwards. It can be dragged as a unit using keyboard 
adjuncts. In addition, our observations show that users can 
perform the above operations after a five minute introduc
tion to the tool. 

POWER S VHS REC SPEED 

ON OFF FAST 

POWER 

ON 

® 

VHS 
S 

o 
REC SPEED 

SLOW 

® 
OFF NO S FRS T 

Figure 3. CISP Building Blocks. 

The lower part of Figure 4 represents the VCR control panel 
while the upper part represents the VCR display panel. This 
type of building block was also initially created from a col
lection of buttons and fields. Additional building blocks of 
this type can be created with copy/paste and subsequent la
beling operations using a dialog box. In the example, the 
day of the week may be set directly by pushing ~e spe~ific 
day button. The display cfu'mges accordmgly. ThiS particu
lar feature offers the possibility of using a single menu se
lection to change the panel and display style during a design 
session so the user can more effectively evaluate the 
choices. Figure 4 also shows another set of domain specific 
building blocks. The figure shows a composite object type 
that has proven to be useful for selecting between and dis
playing a number of states, for example the day of the week 
or time of day. 

~ I time I 
B 8:30:am 

Figure 4. An Alternate Means Of Representing System State~. 
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pushed during evaluation sessions. (Button selections were 
not clear even when user-comments were added to the 
videotape.) By recording and 'transcribing' actions and 
permitting 'slow motion' replay of the user interaction CISP 
can provide users and developers the opportunity to play 
back and evaluate the actual rather than the hypothesized 
user-system interaction. 

RELATED APPROACHES 
There were three primary inspirations to the development of 

Figure 5 illustrates an alternative where the day of the week 
can be set by fIrst clicking the "day" button and subse
quently clicking the "up arrow" or the "down arrow" buttons 
instead of a display showing each day. An additional con
cept illustrated in the preceding two pictures is use of the 
"gray shade." Users can reduce clutter by determining how 
much. if any. of the display panel is visible. The gray shade 
emulates the use of plastic shades used on VCRs to reduce 
interface complexity and permit developers to quickly mod
ify the level of interface complexity. In this way. CISP en
courages rapid generation and efflcient evaluation of a large 
number of completed. or partially completed. potential de
sign alternatives. 

. CISP. Each is discussed below. 

Support For Interface Use, Evaluation and Modification 
By Users 
Current prototyping tools do not provide much support for 
system use and evaluation. Hypercard's inherent ability to 
mimic other interfaces make it an ideal base for adding ap
plication specifIc functions via externals enabling the cre
ation of evolutionary prototypes [9]. This allows the user to 
interact with and evaluate a close surrogate of the system 
under development in order to quickly 'get a feel' for it. 
CISP is capable of capturing and reproducing user actions 
as they interact with the storyboard. At the same time it 
eliminates one of the most glaring defects in our video 
capture process - identifying which button the user actually 

TrjIJium 
Trillium is a computer-based environment for designing in
terfaces for machines such as copiers and printers [12]. We 
adopted a key Trillium philosophy: reducing the impact of 
the use-evaluate-modify cycle by offering developers use of 
an interactive interface construction kit. Trillium is an in
dustrial design environment while CISP is in the experimen
tal stage. CISP expands the Trillium concept in two direc
tions: fIrst. it seeks to reduce the amount of programming 
required by substituting direct manipulation techniques like 
clicking. dragging. and copy/paste. Second. Trillium is a 
tool for software developers. We suggest an expanded role 
for this kind of tool: to be used by end-users working in 
conjunction with developers as the requirements for the 
product are being developed. 

~ !time! 
G 8:30:am 

16 1!enter! 
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Figure 5. An Alternate Means Of Representing System States. 
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The Scandinavian Approach 
In the Scandinavian countries, a long standing tradition of 
focusing on end-user's needs and situation requirements em
phasizes ideals such as "quality at work" and "workplace 
democracy" [2]. Research results of the 1980's included 
such concepts as: "creating a design situation with similarity 
with the future use situation," "taking practice seriously," 
and "from human factors to human actors," (see [10] and 
[11]). Inspired by research such as the lITOPIA project [4] 
and the COOP project [5], one of the promising paths cur
rently being investigated has end-users actively taking part 
in design by applying a cooperative prototyping approach. 
According to B~er and Grl/lnbrek, a major obst.'lcle is the 
developer's limited ability to respond smoothly to user ideas 
or requests for prototype changes during design sessions [6]. 
Joint, cooperative development of the prototype pennits 
users, as domain expertsllay developers, and professional 
developers to each contribute their knowledge to prototype 
development tasks. Building on cooperative development 
aspects of the Scandinavian approach, CISP seeks to further 
explore the potential resulting from combined user/devel
oper abilities to manipulate computerized domain specific 
building blocks during prototyping activities. 

£Win 
Also inspired by the Scandinavian approach, PICTIVE-
Plastic Interface for Collaborative Technology Initiatives 
through Video Exploration--is a participatory design tech
nique combining the use of 'low tech' objects with video 
recording technology to increase end-user participation in 
system design; improve the designers' ability to collect in
formation about the use of the proposed system; and im
prove the sense of "design ownership" of the tinal product 
[14]. Major design components are literally made out of 
plastic and are thus seeD by the users as malleable and 
adaptable. End-users prepare and participate in job and task 
scenarios where they use the plastic components to evaluate 
aspects of the system development. CISP expands two as
pects of PICTIVE: first, offering computerized building 
blocks to increase active user participation, and second, of
fering the possibility for users to evaluate use in context of 
the system being built. 

THE CISP TECHNIQUE 
Besides facilitated iteration, the CISP approach to interface 
development involves five specific techniques that function 
to complement existing proto typing strategies. Each is ex
amined bt;low. 

1. Realistic Prototme "Look And Feel" 
As stated above, all of the user actions can be recorded, 
stored, and played back for later discussion between users 
and developers. This created a more realistic evaluation sit
uation without the need for "think out loud" techniques. 
Instead, more realistic evaluation sessions pennit more ac
curate assessments to be made of user-prototype interaction. 
Figure 6 shows the storyboard prototype for the NEC PC
VCR created using CISP. The upper half of the storyboard 
represents the display panel and the lower half represents the 
two panels with the various buttons, switches, etc. Not 
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shown in the illustration is a third section of the storyboard 
listing the target of each button selection and providing ad
ditional space for user comments as described in the previ
ous section. (For more detail see our chapter in [13].) Since 
we chose not to simulate the TV monitor, we asked users to 
perfonn tasks where it was not essential. User interaction 
with the storyboard was evaluated as users attempted spe
cific tasks. Replaying each user's actions to them during 
subsequent analysis pennitted the developer to ask questions 
such as: "I notice that when you were trying to set the clock 
you clicked twice on the timer button - was there some con
fusion there?" (An almost immediate CISP enhancement 
would involve user ability to add voice annotations to the 
storyboard.) The results of this analysis helped us to better 
understand the actual effectiveness of the proposed interface 
design solutions. 

2. Interactive Modification 
Because the composite domain specific building block can 
easily be copied and moved around as a single object, CISP 
enables users and developers to interactively and coUabora
tively modify the storyboard in real time. This is accom
plished by dragging controls and displays to different loca
tions (responding to comments such as "How about if we 
move that switch over there?"), duplicating existing screen 
objects ("Can you make this function react like that one?"), 
and creating new objects ("This function really shouldn't be 
lumped together with those controls!"). 

3. Generatim: and Comparing Design Alternatives 
An essential part of CISP is to generate and compare several 
completed, or partially completed, potential development so
lutions, analyzing the trade-offs made in each potential solu
tion. Consider an infonnation display-oriented interface 
such as a monitoring/reporting system for a vehicle. 
Various types of user evaluation can be conducted to deter
mine the effectiveness of alternative display modes during 
user evaluation sessions. A single user can interact with a 
whole series of development alternatives and then 'pick and 
choose' the screen display elements producing the "best" in
fonnation display. Another use of this facility could be the 
development of a "creativity audit trail." An automated 
means of tracking the way in which new solutions are cre
ated without having to interrupt the creative process. 

4. Creation of Families of Systems 
CISP facilitates the creation of families of systems where all 
systems share several core components but differ slightly 
from each other in other respects (consider real-time com
mand and control systems such as those being created for 
the NASA Space Station Freedom Project). This is accom
plished by constructing the storyboard of common compos
ite objects and introducing slight variations. Another exam
ple could be a real estate multiple listing system which 
needs to be customized for each individual county because 
of particular local reporting requirements. Systems for 
counties needing specific groups of infonnation could also 
be proto typed using this 'theme and variations' approach 
with each prototype starting with the core screen elements 
and then adding group 'X' objects in response to type X re
quirements, etc. 



su s-VHS 

3 start am 12 00 

01 00 
H M s 

1001 01 30 
EP 

r----------------------------------------------------------------------I 

time 
adiust 

rec level rtmote control tape remain edit 

t120 I off i 
line in s-vhs 1 

IQ) 
~~~~~~~--.....II L on • 21 i 

III 1 Z J It S , 7 • 9 1111 § 
I IR off t160 on 

s-video, on 59 I 
vidl"o off. 

I--index--I s1Iereo tape 
prgm check 'Write erase 1~/1lr simul retl.lrn 
I 10 tvl D~n". 00000 catv ~ 

I--search--I 

DDDtbbinro vcrltv o 
program 1--- shift ---I timer rec 

[9 fBJ lfirwnl ~ D 1- program set -I 6 rec mode 

r~::in ...... 1 -~-v-I ....... ~,...--,,-I-~-I ....... I-I-~-II SP lEa 
eject 

[Btl] 
[j] 'j ~~~mirt ;;c ,-1, ~hiT~ II ~ 01 ~ I • l[!il 

Figure 6. NEC PC-VCR Interface Layout. 

5. Realistic Interfacetp[ototypes 
By building on the existing HyperCardiSuperCard strengths 
CISP users are able to interact with realistic prototypes and 
get a feel for the system being developed. This includes the 
ability to use interface components such as sliders, switches, 
and other types of specialized controls. CISP-Tool can be 
used to create and evaluate specific user interfaces respond
ing to conditions such as low light or presentation of highly 
complex information. This approach to prototyping is not 
unique - Figure 7 illustrates a realistic prototype interface 
for a Hewlett-Packard 12-C calculator created using a 
'calculator construction set' and placed on a freeware disc. 

INmAL RESUL TSIEXPERIENCES 
In order to evaluate the effectiveness of CISP, we repeated 
the series of exercises we had conducted using the 'talking 
out loud protocol supplemented with video images' approach 
referenced above. After evaluating tasks including several 
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variations of taping programs and controlling the tape, we 
settled on two tasks. Volunteers were asked: l) to set the 
VCR clock and 2) to set the VCR to record a segment from 
Headline News. To each individual, we explained the two 
tasks and showed them where the operating manual was 
located. Time permitted us to evaluate about 10 individuals 
after we completed the debugging process. We left them 
alone while they attempted to complete the tasks. Most 
completed the two tasks and about half used the manual 
supplied with the PC-VCR to aid in task completion. 

As the user clicked on buttons attempting to get the VCR to 
perform as desired, CISP recorded the name of each button 
selected by the user and upon command, could produce a 
HyperCard stack capable of physically reproducing each 
mouse click. An additional option could be set to reproduce 
the results of each individual click. 



AMORT INT NPV RND IRR ABS 

L·~M··J 1··1·J·~A 1··~F~··J J.~~J..J I··~·~ .. ·J (D~~:+) (··BiG") I··E~P··J 1··Mi~rJ ( .... ~ .... ) 
SQR 1014 SL SO YO DB OAT[ 

(·~l~·J l .. !~:.·) 1· .. ~J···J I·F·~:d J...·!rG··J lfo~Y;J l·o·~y .. J I·M~y .. J ("M~W··J 1 .. ··~ .... J 
XEQ. ell: RVP FIH REG PREFIX 

(.~l~.) I·~~!·) (.~~~.J (.~~;..J I·~~~·J ~ ( ..... ~ ..... J l··y? .... ) ( .... ~ .... ) ( .... : .... ) RIS RTN GTO 14!. 14=0 T I( ,. ,. H! 

~L=IH=E=.~II 
L.....;P:..:.R.;:G:.:.:M:..-JII 

ST+ ST. E TOTAL l:R# l:R 

~:~ : 1·~J2-·J 1·~;~·J "LS~fK· l····~·· .. J l·so;·v·J ( ... ~.~ ... J ( .... : .... ) 
Figure 7. Another Realistic Interface Prototype. 

To analyze user interaction, we used CISP capabilities to 
'play back' the solution executed by the user. We asked the 
users to 'walk us through' the various keystrokes represent
ing their path through the interface. The combination of the 
button names presented in context with the appropriate in
terface response seemed to prompt the memory of many 
users who were able to des<.:ribe what they were considering 
as they tried to complete the tasks. Their comments were 
recorded on a comment field provided below the interface 
shown in Figure 6 (the comment field is not shown in the 
exhibit). 

For the final third of each protocol, the users were shown 
how to use the CISP-Tool features pennitting them to mod
ify the interface. Then they were invited to make any 
changes they felt like making to the interface. With assis
tance from the authors, users rearranged button clusters, 
added graphics, eliminated comment fields, and made a 
number of other modifications to the original NEC interface 
to the PC-VCR. 

Analysis of these experiences has pennitted us to identify 
some promise and problems associated with CISP. 

Promise 
Though more effort is needed to make the domain specific 
building blocks, nonetheless a significant work-load savings 
was achieved by using CISP to create prototype interfaces of 
how an improved system might look. The effort -reduction 
seems to be particularly applicable to the development of 
families of systems. For instance, building the switch 
shown in Figure 3 from scratch requires numerous switches 
between the HyperCard tools and a number of other actions 
to make each element separately. Our environment has re
duced this task to a single copy/paste operation. Similarly, 
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the ability to move composite objects without the 
HyperCard grouping tool is a noticeable improvement. 
Features like these make it significantly easier to build and 
modify multiple development alternatives. Users and de
velopers particularly liked the ability to replay the session 
for subsequent evaluation. A typical reaction from a user 
was "(without the replay facility) I wouldn't have been able 
to give as thorough comments." 

Problem .. 
Building our tool in HyperCard has provided us with a use
ful collection of interface components. But it was difficult 
to implement some data structures and missing object ori
ented features made it harder to create and modify domain 
specific building blocks. Aggregation of primitive objects 
like buttons and field into composite objects like switches 
has been handled by either naming conventions or use of the 
ID numbers automatically assigned to objects by the 
HyperCard environment. Though easy to handle in small 
scale, the approach could become unwieldy if care is not 
taken during the scaling up process. Another problem we 
have encountered is HyperCard perfonnance. In a complex 
prototype such as Figure 6, perfonnance was less than de
sirable on the top of the line '030-based CPUs. We believe 
some re-coding could speed things up but there is no substi
tute for faster hardware. 

CONCLUSIONS 
We have two primary motivations for increasing the effec
tiveness of prototyping efforts: 1) to obtain more ac
tive/interactive user participation in the use, evaluation and 
redevelopment of storyboards, and 2) technological tool de
velopment to help shorten the use-redevelop loop used in 
many storyboarding efforts. In the ideal scenario, users and 
developers will be able to use story boarding tools such as 



we have presented in this paper to interactively change sto
ryboard elements and immediately try out their changes. 
We are continuing our efforts to enable users and developers 
to be able to modify the storyboard while minimizing the 
amount of programming required. 
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