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Abstract. Several activities related to human-computer augon (HCI)
design are described in literature. However, ihd$ clear whether each HCI
activity is equally important. We propose a mulsdiplinary framework to
organise HCI work in phases, activities, methodgsrand deliverables. Using
regression analyses on data from 50 industry pij@e derive weights for the
HCI activities in proportion to the impact they make usability, and compare
these with the recommended and assigned weights. stbres of 4 HCI
activities (user studies, user interface desigabpilisy evaluation of the user
interface, and development support) have the nropact on the Usability
Goals Achievement Metric (UGAM) and account for 5884ariation in it.
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1 Introduction

A human-computer interaction (HCI) design processmade up one or more phases,
each of which may consist of one or more HCI atiisi Each activity may be
associated with one or more methods. A method neayire specific skills. An
activity may result in a specific deliverable timaay be an end in itself, or may be an
input for another activity in the HCI design prosex the software development
process.

For example, usability evaluation is an HCI actiditat is a part of almost every
HCI design process. Usability evaluation could bEgrmed by several methods such
as a think-aloud test, a performance test, a heurmsvaluation, a cognitive
walkthrough, or an expert review. Performing eaathud requires a specific set of
skills — e.g. the think-aloud test requires skifigprototyping, qualitative test design,
user recruitment, interviewing users, and analysitaga. The activity results in
deliverables such as usability problems with thgigte potential ideas to improve the
design, and possibly a decision about the fututeseoof development.

Several HCI activities are described in literatu@ne or more methods and
deliverables are prescribed for each activity. Authof HCI design processes often
express their preference for one method over therotHowever, it is not clear
whether each HCI activity is equally important.drspecific project, some activities
may happen with high level of fidelity, other adtii’s may be cut short, and some
activities may not happen at all. Given the contskipping an HCI activity may have
a significant impact on the usability of the prouehile skipping or cutting short
another activity may only have a marginal impact.



In section 2, we review traditional design literatand HCI literature to articulate
the characteristics relevant to design of intevactirtefacts. In section 3, we identify
8 HCI activities that we believe are important imyaCI design process and organise
them in a multi-disciplinary framework along witheir associated methods, roles,
and deliverables. In section 4, we propose a methedpress the relative importance
of these activities. In section 5, we describe wdtthat we conducted with 50
industrial projects in India to arrive at the relatimportance of these activities
empirically. In section 6, we present our conclasio

2 Design Activities

2.1 Activitiesin Traditional Design Process

Archer defines design as a goal-driven problemisghactivity [1]. According to
Jones [2], the effect of designing is to initiatelenge in man-made things that in
turn affect the manufacturers of those products, distributors, the purchasers, the
users, and ultimately the society. An important@blthe designer is to predict each of
those behaviours and responses at each stagelifetbfthe product.

One of the ways to understand design is to chartdésign process [3]. Several
authors agree that at its bare bones, a systemhagign process comprises of three
fundamental activities [1], [2], [3], [4]:

e Analyse the user needs, the problems and the appties to identify the goals
and the constraints

e Synthesise alternative solutions

e Evaluate them against goals and redesign the prechare necessary.

Authors also agree that the design processeseaeivie. Problems found with the
proposed design at the time of evaluation are fireminew design solution and this is
done until the most appropriate solution is fouAd.iterations progress, the design
also moves from generic to detailed. Designers lewodved many methods to carry
out these activities. The main effect of the desiggthods is to externalise what good
designers do intuitively to allow design of complnd innovative systems that might
be beyond the experience of any one designer.

The need for expanding upon the design brief itsefbre converging to a solution
has been expressed by several authors, includingsJf?] and Laseau [5]. Jones
broadly divides design methods into three categoti@t correspond to the three
stages of design — divergence, transformationcangtergence [2].

Divergence refers to the act of extending the baunaf the design situation to
have a large search space in which to seek a @oluthe aim of divergent search is
to restate the original brief while identifying tifeatures of the design situation that
will permit a valuable and feasible degree of cleanjey characteristics of the
divergence stage are its tentativeness and inisgabilhe objectives, the problem
boundary, and the sponsor’s brief are unstable, eamive during this stage and
evaluation is deliberately deferred so that nothiatpvant is disregarded. Design
methods related to this stage often require botiomal and intuitive actions, and
many of them require “legwork rather than armclsaieculation”[2].



Transformation is the creative and the most intargsstep of design when the
objectives, the brief, and the problem boundarnesfixed, the critical variables are
identified, the constraints are recognised, andfiortunities are taken. Jones warns
that this could also be the stage where big bludes made, and where experience
and sound judgement are necessary. Design metloodseérching for new ideas
(such as brainstorming and synectics), and desigthads to explore the problem
structure (such as mind mapping, interaction matdrd affinity) enable this
transformation. Jones calls many of these methedblack-box methods” as these
depend on the chief designer’s creativity and tidni[2].

In convergence, the designer’s aim is to reduceséfvendary uncertainties rapidly
so that an optimum solution can be arrived at withimal effort. During this stage,
the designer is working with the most details isige and if he does not converge
fast, the number of alternatives available can @@l Design methods related to
convergence stage are related to evaluation, merasmt, and analysis. Jones calls
these as “glass-box methods” as these are vepnedtand analytical [2].

2.2 Activitiesin HCI Design Process

Many authors have prescribed process models spabjfi for the design of
interactive products. Several of these (particuldHe early authors) came from
backgrounds in psychology, and their process masdlsct a stronger emphasis on
analysis, usability evaluation, and convergentkinig. Nevertheless, there are many
overlaps with the traditional design processedjqaarly in the later literature.

The basic ideas for design of interactive systeragevalready articulated by the
1980s. Gould and Lewis recommended three “prinsiptef design, which easily
translate into the steps of a process: early fomususers and tasks, empirical
measurement of user performance on prototypesitaradive design to fix problems
found during usability tests “as they will be” [6]hey also acknowledged the
importance of the process to ensure meeting usapdals.

More detailed process models have been proposedthmr authors. Nielsen
suggests a 11-stage usability engineering lifecyubelel [7]. Kreitzberg identifies a
6-stage design methodology [8]. Dix et al. reldte HCI design process to software
development lifecycle [9]. Preece et al. emphatsiseneed to look “beyond HCI” into
interaction design [10], [11].

Contextual Design process developed by Beyer arttibatt explicitly brings in
divergence and transformation in addition to cogeace [12]. Divergence is enabled
mainly by the technique of contextual inquiry, aterview technique that draws upon
ethnography and allows designers to gain deep stadeling of users’ tasks, roles,
artefacts, environment, and culture. Transformat®trought in by consolidating
findings across users through techniques suchfimstyafind redesign of users’ work
with a vision of the design that drives changeth&organisational work practice.

Cooper and Riemann’s goal-directed design procesdriven by roles such as
managers, designers, programmers, software temtersisability testers [13]. Their
design process consists of steps that reflect gérere, transformation, and
convergence: Research users and the domain; meeled and use contexts (personas
and their goals); define requirements of usersjniess, and technology; create a



framework to define the design structure and fldwotigh scenarios; refine the
framework; design the interface details; and vagidhem.

Mayhew brings the perspective of an external ugphibnsultant to the product
development process [14]. Mayhew suggests a vapietychniques to carry out each
task, but her approach is open and flexible — oag substitute a quicker / cheaper
technique to do a task, but each task must be d@he. approach to activity and
method is similar to Mayhew’s approach to task euthnique). Garrett divides users
experience of a website in five layers — surfadesleton, structure, scope, and
strategy [15]. Garrett’s model of user experierscedt a process model in itself, but it
has important implications for the process. Dedsiat lower layers affect the
choices available at the higher layers. Therefarestrategic decision will ripple
through the scope, the structure, the skeleton,tle@durface. Similarly, changes in
the scope will affect the structure, the skeletd the surface. Therefore, one needs
to consider as many alternatives as possible béfeezing upon the strategy and the
scope.

Gulliksen et al. review HCI literature and list kpsinciples of user centred design
[16]. One of the principles they emphasise is it design should be holistic,
considering all aspects including impact of desmm the users’ work, on the
organisation, roles, etc. All parts of the prod(teisk organisation, user interface,
online help, user training, health and safety aspetc.) should be influenced by
common design thinking.

3 Framework for HCI Design

By combining the essential characteristics of thgous processes discussed above,
we propose a process framework for HCI design.unframework, we prescribe 8
HCI activities, and associate them with typical hoels, and deliverables. We
organise the activities in phases, which we desdrilierms of four questions derived
from [12]: What matters? How should we respond? How should the design be
detailed? How are we doing?

Figure 1 captures the phases, activities, methods, skiltel deliverables in a
visual form.Table 1 summarises the same in a tabular view. Below, @geribe this
framework in detail. The framework is a flexible waf understanding and
communicating the work of HCI designers in diffarenntexts. Our objective is not
to prescribe a one-size-fits-all HCI design procéss rather to articulate the typical
HCI activities within which several methods andid®lables can be assimilated. Not
all activities or methods may be essential in @astance of the process.
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Figure 1: Proposed framework for HCI design process.

3.1 What matters?

It is not only about what is “required” by someofi&/hat matters?” is a broader
guestion and asks the design team to look at thblgm at hand as holistically as
possible. This question is answered through divergenking, looking beyond what
had been specified in the design brief. The HCivdigtassociated with this phase is
user studies, user modelling, and market analyastivity 1 in Table 1). To
understand the key concerns of the users, the taillers, the domain, and the
context deeply, the team uses methods such ahstdke interviews, contextual user
interviews, focus groups, field observations, lotplgses etc. The team may also
study related issues such as the environmentahlsoc cultural aspects. Most teams
would do a benchmark analysis of competitive présludhis is a very multi-
disciplinary phase where ethnographers, businealysia, domain experts, client /
business stakeholders, designers, and potentied ase involved. At the end of this
phase, the team gets a good understanding of useesis, problems, goals, and
constraints. They also have a good understandintpeofdesign opportunities. The
phase ends with identifying product goals, inclgdirsability goals.



3.2 How should werespond?

This is a holistic question as well. Now the desigam is not just describing the
situation but also transforming the problem spagethgt one or a few solutions
become evident. The team begins with ideation \(#gt? in Table 1). With their
creativity, but also using a range of ideation teghes such as brainstorming,
synectics, participatory design, quality functioaptbyment, and TRIZ (theory of
inventor's problem solving) the team comes up witnge of design ideas that solve
the problems and realise the opportunities.

The ideas could be wild and divergent to begin wiiht eventually the team
reaches a coherent understanding and articulatfothe context and creates a
meaningful, holistic response — a high-level prddiefinition (activity 3 inTable 1).

In interaction design, the product definition itenf expressed through personas and
scenarios. Sometimes, low-fidelity prototypes amated to support the scenarios. If
design involves a new hardware, the form factandslelled. If it involves software,
wireframes of the screens are created. Buxton tladise techniques as ‘sketching
user experiences’ [17].

In this phase, a multi-disciplinary team is invalyéncluding designers, business
analysts, engineers, and client / business statet®lIf the method of participatory
design is used, users are also involved. The ptogoals guide the team in this
phase, but the product goals are also reviewed.

The first loop in the framework is thieasibility loop that occurs just after the
product definition. Here business and technicakifality of the proposed product
definition are assessed. If competing product dédims are still in contention, a
choice is made. If none of the proposed produdhiieins is found to be feasible, the
team goes back and think of more alternativeshist stage, the design team may do
a formative evaluation of the product definitiorct{aity 4 in Table 1), possibly by
lightweight methods such as a heuristic evaluatio@ cognitive walkthrough. The
product definition would be refined to fix any ptetms found. At the end of this
activity, product goals are finalised and techrycaind financially feasible product
definition is agreed.

3.3 How should the design be detailed?

Once a feasible product definition is agreed upie, detailed user interface is
designed (activity 5 irnTable 1). This activity completes the transformation and
initiates the convergence. Designers explore thaildef the user interfaces such as
labels, icons, and behaviour of widgets. The textiitten. Information is visualised.
Visual elements such as typography, colours, fand, layouts are designed. Product
form is finalised. Design decisions that seem paldirly risky are prototyped first so
that feedback on these can be sought early. Thigitgds primarily the designers’
responsibility, though truly innovative designs miaquire collaboration between
design, technology, and business. The output sfghase is one or more prototypes
capturing and representing the design decisions.



34 How arewedoing?

In this phase, the team seeks to converge to deusalution quickly. The purpose of
creating a prototype is to evaluate it. As it mapjben, the initial design decisions do
not fit all the users’ needs. When a prototypeay, a formative usability evaluation
is done against the usability goals to identifygmbial problems with the design
(activity 6 inTable 1). Card sorts and think-aloud tests are the mafemed method
of evaluation at this stage, but other methods algg be used. Usability evaluators
do the evaluations, though designers may alsogjzate to get a first-hand feedback.
The evaluation generates a list of problems angydedeas to fix them.

The second loop in the framework is that reflesign. As Gould and Lewis,
interactive systems are particularly prone to hgyiroblems in the early designs [6].
After a round of evaluation, problems are fed back products are redesigned until
an acceptable solution is found. The fidelity of tprototypes keeps increasing
through the iterations as more details are addéis @ycle of design, prototype,
evaluate, redesign needs to be tight, quick andwue as few resources as possible.

Changes to the design inevitably happen duringwsoét development. Some
changes are inadvertent slip-ups that need to breated (e.g. an accidental change
of typeface, colour, or layout). Other changes hmvbe made because the original
design was not feasible. Yet other set of changepén because there is a change in
requirements or change in technology platform. lincases, ongoing collaboration
between the design and engineering teams is impadtaing software development
— we call this development support (activity 7Tiable 1).

When an early version of the production code besoawailable, it is a good idea
to do asummative usability evaluation against the usability goals (activity 8Trable
1). Often summative evaluation is done in a lab-Daggantitative performance test.
In some cases, it may be done by deploying theyatoth the field. Preferably, a
summative evaluation is done by an external evatuathe main outcome of a
summative evaluation is (hopefully) a usability epgal. A set of metrics could also
emerge. Though summative evaluation is not supptmsaffect the design, if serious
usability problems are found, these ought to bedikefore release.

Table 1: A multi-disciplinary framework for the HCI desigrrqeess. Asterisk (*) denotes
necessary deliverables.

Phases Disciplines HCI Activities Methods Deliverables
What Ethnographers, 1. User studies, Stakeholder interviews Analysis of individual
matters? business analysts, user modelling, Contextual inquiry interviews
domain experts, market analysis Focus groups User models such as
client / business

affinity, work models,
mind-maps, personas
User needs, problems,
goals and constraints*
Opportunities for design
interventions

Product goals (including
usability goals)*

stakeholders, Competitive product
designers, users analysis




Phases Disciplines HCI Activities Methods Deliverables

How should  Designers, business 2. Ideation Brainstorming Design ideas
we respond? analysts, engineers, Participatory design
client / business TRIZ
stakeholders,
ethnographers, users QFD
3. Product Interaction design High-level use scenarios,
definition Information architecture ~ Storyboards
Low fidelity prototypes,
wireframes of software,
foam models of hardware
Business model
Strategy, scope and
structure of Garrett's
model

Feasibility Engineers, client / 4. Formative Heuristic evaluation Refined and approved
business usability product definition and
stakeholders, evaluation 1 and product goals*
usability experts refinement Technology feasibility

approval*
Business feasibility
approval*

How should  Designers, engineers 5. Design detailing  Intertiesign Medium to high fidelity
the design be Information design Ul prototypes through
detailed? s . iterations
Navigation design
Structure, skeleton and

Visual design . surface of Garrett’s model
Product form design

How are we  Usability experts, 6. Formative Heuristic evaluation Usability problems
doing? designers, users usability Cognitive walkthrough Metrics
evaluation 2 and... Think aloud test
Card sorting

... refinement Same as in design Refined, detailed Ul
detailing prototypes*
Ul specification*
Dev. support  Designers, usability 7. Development Reviews during Minor tweaks

experts support development
Usability experts, 8. Summative Usability performance test Usability approval*
users usability Field trials Metrics

evaluation 3

4 Recommended Weightsfor HCI Activities

The HCI activities in our framework must be integrhwith the software engineering
process model in use, so that they are applicldeiptactice of software development.
Further, each activity may not be equally importanall situations. The importance
of an activity would depend on the nature of thedpct, the context, and the
experience of the team. In this section, we reconthike importance to be assigned
to each HCI activity in our framework appropriate fypical contexts. However, note
that the importance may vary in specific cases ée@xamples of which we point
out). We express the importance of an activity §signing it a weight on the scale of
0-5, where 0 indicates that the activity is notevaint, 1 indicates the activity is



somewhat relevant, 2 indicates the activity isygfidal importance, 3 indicates the
activity is more important than usual, 4 indicatiest the activity is very important,

and 5 indicates that the activity is extremely imaot. Expressing the importance of
these activities in this manner helps in directl@aton of process metrics, as we
describe in [18] and [19].

We will demonstrate the use of this framework witie waterfall model of
software engineering. Despite criticisms, the wiatemodel is still popular in the
industry. In a survey of 200 practitioners, NeilidalLeplante reported that the
waterfall model was the most dominant and 35% ef ghactitioners claim using it
[20]. In our experience, the waterfall model is dissven more extensively in the
Indian software industry.

To integrate our framework with the phases of tlatewfall model, we suggest that
the Communication phase of the waterfall model khinclude activities 1-4 of our
framework, the Modelling phase should include atitis 5-6 and the Construction
phase should include activities 7-8 [2Tfable 2 lists our weight recommendations
for each HCI activity when integrated with the wéi# model in this manner. Below,
we describe our rationale for these weights.

Table 2: Initial weights recommendations for HCI activitiesthe waterfall model.

HCI Activity Recommended
weights
1. User studies, user modelling, competitive produetlysis 3-4
2. Ideation with a multidisciplinary team 2
3. Product definition 1-3
4. Usability evaluation 1 of the product definitiondarefinement 1-3
5. User interface prototyping 4-5
6.  Usability evaluation 2 of the user interface arfthemment 4-5
7.  Development support: ongoing reviews by usabigmy during development 3
8. Usability evaluation 3 of an early version 1-3

In the beginning of a project, it is very importdatunderstand the context of the
user and the market scenario. Hence, the activitdsted touser studies and
competitive product analysis is recommended a weifi3 to 4. The weight can
increase if the team is especially unfamiliar vitie domain and the context, and can
decrease if the team is very familiar with the domaand the context.

Ideation is an important activity. However, doing ideatidarmally as an
independent activity may not be as important aeggimg ideas. Since user studies
may also generate many ideas, the importance dicéxpeation is somewhat less.
We therefore give it a weight of 2. However, exteasiser studies may not be done
if the product is not based on contextual datadoutdeas, (for example, a toy, or an
interactive installation). In such cases, the wedajftideation will go up.

Product definition is given a weight of 1 to 3 because we feel tloisvay can
vary in importance. In situations where the prodsactery innovative or particularly
unpredictable, the weight of this activity can gn ©n the other hand, if the product
is very predictable and what needs to be donesalgl understood by all, the weight
can go down.



Detailed Ul prototyping is the crux of the HCI design process as the main
deliverables of HCI professionals come forth from This activity is therefore
recommended a weight of 4 to 5.

In our framework, we identify three occasions whasability evaluation can be
done — just after the product definition, afteradleig out the user interface, and after
an initial version of the working product becomeaikable. Of these, the first two are
formative (aimed at improving the design), while tast one is summative (aimed at
ensuring that all goals have been met). The foraativaluations are important as
they directly affect the design. Between the twarfative evaluations, we expect
usability evaluation 2 of the user interface to be more important in many contexts
as it will evaluate the design with many of itsallst in place. This evaluation is
therefore recommended a weight of 4 to 5. We assthae if this formative
evaluation was done well, the importance of dolgydther two usability evaluations
will be less.

Usability evaluation 1 of the product definition will usually have to be done on a
very low fidelity prototype under very tight deats. Hence, we recommend a low
weight for this step. In practice, the situationaynvary somewhat. There may be
opportunities (e.g. high-fidelity prototype was #able early) and reasons (e.g. to
demonstrate ideas to investors) to give more inapoe to the first formative
evaluation. In this case, the weight of this usgb#évaluation can be increased and
correspondingly, the weight for the next usabititialuation can be decreased.

Usability evaluation 3 of an early release is a summative evaluation and is
expected to have little impact on design. Henceyais also assigned a weight of 1.
However, in projects where user is expected to ritecal tasks, this step will gain
weight of up to 3.

Finally, we reckon that a lot depends on the camihcontact between the HCI
professionals and the development teams afterdtidta of detailed Ul prototyping
has been completed. Unanticipated Ul changes nisg kate in the project. In many
companies, the HCI professionals are a shared ness@nd they keep moving from
one project to the next before the earlier progaver. To emphasise the importance
of development support and reviews of design changes during software
development, we assign this step a weight of 3.

5 Validating Recommended Weights

51 Method

We derived the relative contributions of HCI adi®s in our framework to usability
(and validated the weights proposed in section #h whe help of simple linear
regressions of each activity and a stepwise maltiplear regression of all activities
on the usability of products in real-life industnieojects.

As a measure of the usability, we selected Usgb@ibals Achievement Metric
(UGAM), a product metric that measures the extenwhich the design achieves the
usability goals. To calculate UGAM, high-level usexperience goals are broken
down into detailed, measurable goal parameters.ekample, parameters for the



high-level goal ofearnability could be: options / data / information should heyeto
find, user should take little time to learn, uskowd be able to learn on his own, the
product should be consistent with its earlier \@mrsietc. Each goal parameter is
assigned a weight between 0-5. During a usabiligiusation, each goal parameter is
assigned a score between 0-100. UGAM is the sutheofveighted average of the
scores,

ZW, XS,

W,
where W is the weight of the goal parameter p andisSits score. UGAM is
described in more detail in [18] and [19]. Goalsl goal parameters are described in
more detail in [22].

HCI professionals working in the Indian IT industmere invited to participate in
the study. Participants were taught the methodatudating UGAM. They were also
walked through the HCI activities in our procesmtriework. First, participants were
asked to calculate UGAM scores of the productsvdedd by their projects.
Participants were then asked to assign a weigkath HCI activity based on their
judgement of the importance of that activity in tomtext of their project. While they
were shown the recommended weights described allbgg, were also given the
freedom to assign a different score if they wished.

Finally, participants were asked to assign a storeach HCI activity from 0 to
100, where 100 represents the best case situatiothé activity was done in the best
possible manner, with the highest fidelity, in thest appropriate phase of software
development and with the best possible deliveraliBsrepresents that the activity
was somewhat toned down, but was still well-timad well-executed; 50 represents
an undecided state where the activity was done sdthe shortcuts or perhaps was
not timed well; 25 represents that the activity wlase with many shortcomings; and
0 represents the worst case situation where tlvtgavas not done at all.

To help participants assign a score to each agtivie came up with detailed
guidelines for evaluating each activity. For exambllowing are the guidelines for
the activity 1 — user studies, user modelling, emghpetitive product analysis:

1. Both organizational data gathering and user studies are done before
requirements are finalized.

2. User studies are done in the context of the users by the method of contextual
inquiry.

3. User studies are done with at least 20 usersin each profile.

4. User studies are done by people with experience in user studies in a similar
domain of at least 2 projects.

5. The findings including user problems, goals, opportunities, and constraints are
analyzed, documented, and presented in an established user modelling
methodol ogy such as personas, work models, affinity diagram, etc.

6. Competitive / similar products and earlier versions of the products are evaluated
for potential usability problems, at least by using discount usability evaluation
methods such as heuristic evaluation, and are benchmarked.

7. User experience goals are explicitly agreed upon before finalizing requirements.

100 = All the above are true, the activity was performed exceptionally well, 75 =
At least five of the above are true, including point 7, or all the above are true, but
point 3 had fewer than 20 users per profile, the activity was performed reasonably

UGAM =



well, 50 = At least three of the above are true, including point 7, the activity was done
with some shortcuts and / or perhaps was not timed well, 25 = Only two of the above
are true, the activity was done poorly with many shortcomings, 0 = None of the above
are true, the activity was not done.

Detailed guidelines for all activities are avaikalonline [23].

5.2 Weights Assigned by Participants

A total of 36 participants submitted 50 projectenfe participants submitted more
than one project). The HCI related experience ofigpants was between 1-7 years.
The participants came from a wide variety of conigsirincluding large contracted
software development companies, smaller contractedtware development
companies, multi-national companies with large paddevelopment centres in
India, one large, internationally popular intereempany, and five smaller product
development companies. Only the projects followting waterfall model were used
for the analyses presented in this paper.
Table 3 lists the averages of weights actually assigneddnyicipants for HCI

activities and their standard deviations. Participado not seem to have deviated
substantially from our recommendations.

Table 3: Initial recommendations for weights of the HCliegities and the average and the
standard deviation of weights actually assigne@dnyicipants to those HCI activities (N = 50).

HCI Activity Recommended Assigned weights Assigned weights
weights average SD

1. User studies, user modelling... 3-4 3.7 0.8
2. Ideation with a multidisciplinary team 2 25 0.7
3. Product definition 1-3 3.1 0.7

4.  Usability evaluation 1 of product definition... 13- 2.0 11

5. User interface prototyping 4-5 4.5 0.6

6. Usability evaluation 2 of the user interface... - 3.8 0.8

7. Development support... 3 3.2 0.8

8.  Usability evaluation 3 of an early version... 1-3 1.9 1.0

5.3 WeightsDerived from Regression Analysis

The score of each HCI activity is a measure of filelity of that HCI activity.
UGAM is a measure of usability goal achievemerthi project. The UGAM score is
arrived at independently of the scores of HCI atitis. If we can find the relative
effect of the scores of HCI activities on the UGAddores, this could be a way of
evaluating the impact of HCI activities on the ubh

Separate simple linear regressions were perforragdnaing the scores of each of
the eight HCI activities to be the predictor valkaband UGAM to be the criterion
variable Table 4). In case of each HCI activity, a significant mbdmerged and the
activity score had a positive significant Pearsamugelation with UGAM (0.56 > R >



0.33,0.32 > B> 0.11, 0.30 > adjusted’R 0.09, 22.399 > F > 5.79p <= 0.02, two-
tailed). All coefficients were positive. All lowebounds of the 95% confidence
intervals of the coefficients were also positive.

We can conclude that all HCI activities recommendedable 2 affect UGAM
positively. The scores of the HCI activities seenbé affecting the UGAM scores to
varying degrees — some HCI activities have a laeffect on UGAM than others. The
strongest correlations, largest adjustefl \Rlues, and largest coefficients were
observed for the HCI activities of user interfacetptyping, usability evaluation of
the user interface and refinement, development etip@and user studies, user
modelling, competitive product analysis. This jfis8 our 3+ weight
recommendations for these activitiebable 2) and also the 3+ average weight
assigned by participant$ gble 3).

The adjusted Rvalue in a simple linear regression representexient to which a
predictor variable affects the criterion variablée could possibly assign weights to
the HCI activities derived in proportion to the asted B values we show below in
column 4 ofTable 6.

Table 4: Summary of simple linear regressions on UGAM m@teigon variable and the scores
of individual HCI activities as predictor variables merged project scores (N = 50). The top
four correlating activities have been highlighted.

Model 95% conf.
interval for B

R R Adi F s B t  Sig. Lower Upper

R? Bound Bound

User studies 0.445 0.207 0.190 12.517 0.001 0.221 3.538 0.001 0.095 0.346
Ideation 0.384 0.148 0.130 8.326 0.006 0.190 2.8860.006 0.057 0.322
Prod Def 0.406 0.165 0.148 9.481 0.003 0.227 3.0790.003 0.079 0.375
UE 1 0.351 0.123 0.105 6.748 0.012 0.162 2.598 1.0 0.037 0.287

Ul Proto 0.564 0.318 0.304 22.399 0.000 0.299 4.733 0.000 0.172 0.426

UE 2 0.534 0.285 0.270 19.126 0.000 0.249 4.373 0.000 0.134 0.363

Dev Support 0.532 0.283 0.268 18.967 0.000 0.216 4.355 0.000 0.116 0.315
UE 3 0.328 0.108 0.089 5.796 0.020 0.134 2.407 2.0 0.022 0.246

Using the stepwise method, a multiple regressios performed assuming the
scores of the eight recommended HCI activitiesragliptor variables and UGAM as
the criterion variable. The most significant modklrned these values: R = 0.784, R
= 0.614, adjusted R= 0.580, F = 8.533) < 0.005. The four HCI activities identified
above also emerged as significant predictors in tddel Table 5). The scores on
these four HCI activities predicted 58% of variatio UGAM (adjusted R= 0.580).
These four HCI activities had a positive, signifitaoefficient p <= 0.023) and the
lower bound of the 95% confidence interval for edlefficients was positive. The
variance inflation factors (VIFs) of all predicteariables are well below 4, indicating
that there is no multi-collinearity among the potdi variables. This implies that the
assumption that the HCI activity scores are inddpahvariables was acceptable for
the purpose of the stepwise multiple regression.



Table 5: The most significant model in the SPSS outpuitepwise multiple linear regression
on UGAM as criterion variable and the ratings of He€tivities as predictor variables (n = 50).

R R? Adj. R? Std. Error Change Statistics
Est‘frfrf;‘; R Square F df1 df2 Sig. F
Change  Change Change
0.784 0.614 0.580 7.702 0.073 8.533 1 45 0.005

Unstandardised Standardised t Sig. 95% Confidence Collinearity

Coefficients coefficients Interval for B Statistics

B Std. L. u. VIF

Error Bound Bound
(Constant) 33.794 4.024 8.398 0.000 25.690 41.889

Usability Eval 2 0.154 0.048 0.332 3.208 0.002 5@.0 0.250 1.247
Dev Support 0.123 0.040 0.306 3.064 0.004 0.042 040.2 1.165
User studies 0.138 0.047 0.286 2.921 0.006 0.043 2330. 1.116
Ul Prototyping 0.133 0.057 0.253 2.346 0.023 0.019 0.247 1.354

Brace et al. suggest that the standardised caaifiiof the predictor variables in a
multiple regression can be used to compare théveleontribution of each predictor
variable to the criterion variable and assess ttength of the relationship [24]. We
could possibly assign weights to the HCI activit@esrived in proportion to these
standardised coefficients as shown in column batfle 6.

Table 6: A comparison of our recommended weights, avevagghts assigned by participants,
weights derived by scaling up adjustefi\Rilues from simple linear regressions (SLRs) and
from scaling up the standardised coefficients efdtepwise multiple regression (MR).

HCI Activity Recommended Assigned Derived weights scaled from
weights weights SLRs MR

1. User studies, user modelling... 3-4 3.7 3.1 4.3

2. Ideation with a multidisciplinary team 2 25 2.1 -

3. Product definition 1-3 3.1 24 -

4. Usability evaluation 1... 1-3 2.0 1.7 -

5.  User interface prototyping 4-5 45 5.0 3.8

6.  Usability evaluation 2 of the UL... 4-5 3.8 4.4 5.0

7.  Development support... 3 3.2 4.4 4.6

8. Usability evaluation 3... 1-3 1.9 1.5 -

6 Conclusions

Drawing from literature, we proposed a frameworknpoising of 8 HCI activities. By
using simple linear regressions, we could demotesthat each of these activities had
a significant positive correlation with the usalilimetric UGAM. In a stepwise
multiple regression, four of these HCI activitiexc@aunted for 58% of the variation
UGAM. We can conclude that while all activitiestime framework affect usability,



the identified four HCI activities are relatively ome important. The statistical

analyses were in consonance with our original renendations and with the weights
assigned by practitioners, as summarisedTable 6 above. Perhaps the most
underestimated HCI activity during recommendatiad assignment was the support
that HCI teams need to give during the softwareettggment, though it was not a
complete surprise.

A possible critique of our method could be that simwed the recommended
weights to the participants before they assignedshWhile this could have been an
approach, it must be noted that that neither themenended weights, nor the weights
assigned by participants play a role in the regwassnalyses, which are based on the
UGAM scores and activity scores alone. The weiglggved from the regression
analyses validate both the recommended and thgnaskiveights.

Another possible critique could be about our assionghat the scores of HCI
activities are independent variables. Althoughahtvity scores are naturally related
(teams likely to score well on some HCI activitae likely to score well on others),
it was essential to use them as predictor variahde# is the only way to establish
their effect on usability. We minimised the bias pyescribing guidelines for
evaluating each activity. The statistics did natvelany multi-collinearity among the
HCI activity scores.

Knowing which HCI activities are important would beeful in many contexts,
particularly when resources are scarce and trasie@féd to be made. Designers can
use the rigorous, higher fidelity methods on atitigi that are more important, and
make do with discount methods on less importanvities. This knowledge would be
useful in integrating HCI activities in software gémeering processes — HCI
professionals can insist on including the importaativities, while conceding the
relatively less important ones. The weighted averafgthe scores of activities could
be used as a process metric as we describe irRftB[J19].

We used our framework of HCI activities, the waa#irimodel, UGAM as the
product metric, and projects from the Indian IT ustty to find the relative
contribution of various HCI activities. Our resuligay be generalised within these
choices. Other researchers could use other frankswother process models, other
product metrics, and / or other contexts in a simiay to identify the activities that
matter in those contexts.
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